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Tue Chemical Society has recently become only too familiar with the 
death of foreign members of patriarchal age, otherwise it would be diffi- 
cult to realise that a chemist whose death took place last year was the 
friend and associate of Berzelius. The man whose lifeand work we com- 
memorate to-day was an almost exact contemporary of another famous 
chemist whose great genius and high character have been recently 
depicted for us by his friend and fellow-worker. Rammelsberg was 
born two years later than Bunsen and outlived him by less than one 
year. 

Among the workers who during this period contributed to raise 
the edifice of modern chemistry upon the foundations laid during the 
childhood of these two men, some, like Bunsen, were thinkers of the 
highest genius whose inspiring ideas directed the development of the 
structure, others, like Rammelsberg, were the skilful and indefatigable 
craftsmen who amassed and set in order the material. Owing to the 
fact that Rammelsberg’s name is not associated with any of the great 
discoveries of a period which belongs mainly to organic chemistry, and 
that he purposely confined his life-work to inorganic research, there 
is some danger lest the value of his contributions to science should be 
underrated, except, indeed, among mineralogists; I am, therefore, 
particularly glad to have this opportunity of sketching a brief record, 
however imperfect, of his colossal labours. It will be made clear, I 
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hope, that, although brought up in the school of Berzelius, Rammelsberg 
was by no means one who ignored the progress of the modern chemistry, 
but did, in fact, contribute in no small degree to its dissemination. 
‘To those among the younger generation of organic chemists who know 
anything of his work, the name of Rammelsberg will, I imagine, evoke 
the recollection of a vast number of papers whose titles relate to 
mineral and other inorganic analyses and to crystallographic measure- 
ments ; they may only know him as a patient worker and think of 
him as one who pursued his labours undisturbed by the growth of 
modern chemistry. “This would be.a ‘very: ‘false ‘estimate, and in order 
to dismiss such:é misconception at the outset, F cannot do better than 
quote the words: addressed -t¢é Rammelsberg’ én the occasion of his 
Doctor’s Jubilaum, I- bélieve: by Hofmann; ort behalf of the Berlin 
Academy of Scienges. -* ; After: describing his labours in practical 
chemistry, he says, “I: was 10. ‘only: the empirical but also the 
theoretical side of science which attracted your lively attention. 
Originally brought up in the school of Berzelius, and the contemporary 
of Heinrich and Gustav Rose, of Mitscherlich and Wohler, you subse- 
quently witnessed all the changes which chemical theory has ex- 
perienced up to the present day. With a quick eye you recognised 
early the advantages of the present views and you were among inorganic 
chemists the first to adopt the new system of formule.” 

While I am glad that it has fallen to my lot to recall these features 
of his life-work, I regret that I never had the opportunity of even seeing 
the man whom I have to describe. Whatever impression of his life and 
work I may succeed in conveying is derived solely from a study of his 
publications or from the reminiscences of others to whom he was 
personally known ; and he was a man who more than any other led 
the uneventful laborious life of a student. 

Among the day dreams to which most persons have yielded, is the 
fascinating speculation as to what would have been their lot had their 
life been set in earlier times. Could any chemist choose for himself a 
more attractive period than the early part of the nineteenth century, 
when the influence of Berzelius had entered into the heart of the science 4 
In the youth of Rammelsberg, the electro-chemical theory had over- 
come all opposition and supplied a great principle of apparently 
universal application; the modern methods of analysis weve being 
perfected ; and the chemist was for the first time really equipped for 
conquest in the fields of research. It is a commonplace of historical 
criticism that in the early history of any art there is a period when 
the materials, the instruments, and the methods have just been 
matured, although the art has not become self-conscious ; when the 
artist revels in his newly-acquired powers, and finds a pleasure in the 
exercise of the chisel or the brush without any thought of whither 
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his work tends or what purpose it is to serve. Something analogous 
happens, I think, in the early history of a science, and at the time 
when Rammelsberg began to work, a chemist must have felt that 
every analysis which be could make, every substance which he could 
prepare, was something new, of unknown import, and involved the 
exercise of new powers. ‘To a young, ardent, and ambitious student, 
this in itself must have been an overpowering impulse to energetic 
labour ; in no life is this delight in work better exemplified than in 
that of Rammelsberg. 

Karl Friedrich Rammelsberg was born on April Ist, 1813, at 
Berlin, He was of humble origin, and was entirely a self-made man ; 
his family came from Altenbrak an der Bode in the Harz; his father 
was in quite a small way of business in Berlin. As a boy he was 
educated in a private school, and in the Friedrich Werder Gymnasium ; 
he then entered the Realschule, in the Kochstrasse, where he seems to 
have received some little scientific training from the director, Spillecke. 
Here he remained for four years, and leaving at the age of 15 entered 
the Koch Apotheke, where he studied for the next four years, with 
the view of becoming an apothecary. In this Apotheke he seems 
to have learnt botany from Hayne and pharmaceutical chemistry from 
Heinrich Rose ; under the latter, Rammelsberg must have first become 
acquainted with the spirit of scientific research, and he himself says 
that he never forgot the teaching of this man, from whom he received 
such varied and valuable assistance. In 1832, at the age of 19, he 
obtained a place in the Apotheke at Dardesheim, near Halberstadt. 
After remaining there only one year, the young chemist took the step 
which determined his whole future career ; he suddenly abandoned 
the line of life upon which he had entered, and returned to Berlin with 
the object of obtaining a university education and devoting himself to 
pure science ; this step was probably taken by Rose’s advice: it must 
have required great determination for a lad of his education and 
antecedents to enter this new world, and compete for the distinctions 
gained by men of the calibre of Mitscherlich and Heinrich Rose. In 
order to pass in the necessary examinations in Latin and Greek, he was 
obliged to teach himself unaided the latter language. This was 
accomplished at odd moments and in the intervals between other 
studies. In 1834, he was able to pass his Maturitaitsexamen at 
the Gymnasium zum grauen Kloster, and was matriculated. Erman 
and Magnus were at this time the professors of physics, Mitscherlich 
and Heinrich Rose of chemistry, Weiss and Gustav Rose of mineralogy ; 
with all these he worked, as well as with Hoffmann in geology. His 
Arbeit was carried out in Mitscherlich’s laboratory and was a 
dissertation entitled “De cyanogenii connubiis nonnullis” (1837). 
The titles of his four doctoral theses are interesting in the light 
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of the researches to which he devoted the remainder of his life ; they 
were entitled : 

(1) Experientia chemica in constituendis theortis geologicis praecipue 
est observanda. 

(2) Connubia chemica organica et inorganica haud absolute 
discerni possunt. 

(3) In systematibus, que hucusque exstiterunt, chemicis theoria 
deflagrationis summum tenet locum. 

(4) Systema mineralogicum naturale neque indolem externam neque 
internam fossilium negligere debet. 

A man’s early work is generally a clue to his subsequent tendencies, 
and Rammelsberg’s theses are no exception ; his interest in inorganic 
chemistry and in substances like the cyanides, which lie on the border- 
land between the organic and inorganic ; his leaning towards the 
geological aspects of chemistry ; his life-long study of both the chemical 
composition and the crystalline form of minerals, are all foreshadowed 
in these titles. 

Three years later he began to teach at the Hochschule ; in 1841, he 
was “ habilitated”” as Privatdocent at the university, and was also a 
teacher at the Handels-Schule. 

At the age of 24 (in 1837), he had already begun to publish analyses 
of inorganic compounds and minerals—the opening of a long series of 
researches in inorganic chemistry and mineralogy, many of them 
lengthy and laborious memoirs, which issued in an unbroken stream 
from 1838 to 1888. 

When he became Privatdocent there were only two laboratories in 
Berlin where a student could work, namely, those of Heinrich Rose and 
Mitscherlich, and in these only a few specially recommended pupils 
could find a place ; Rammelsberg, therefore, with characteristic energy, 
started a private laboratory of his own in which all his earlier pupils 
must have obtained their experience ; it was so small that only two 
students could be accommodated at a time, and when one pair went off 
a second pair came on; the fee was the ridiculously small one of 50 
pfennigs. With this scanty help, he was also able to assist his mother 
to support herself. 

This -small beginning was really the initiation of practical 
laboratory instruction in Berlin, and was the seed from which sprang 
-thesecond chemical instituteof which Rammelsberg was ultimately made 
the first director. His time must have been very fully occupied, and 
yet not only did the publication of scientific papers continue unabated, 
but he began to add to them the first of a series of text-books and of 
monumental works of reference: in 1841 his dictionary of chemical 
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mineralogy, in 1842 his text-book of stochiometry and theoretical 
chemistry. In a very short time he became a recognised authority on 
chemistry, mineralogy, crystallography, and metallurgy. 

In 1846, he was appointed Professor extraordinarius of inorganic 
chemistry, and in 1850 he was also made instructor in chemistry at 
the Gewerbe-akademie, where he was at last provided with an adequate 
chemical laboratory ; this academy ultimately developed into that 
splendid institution, the Technische Hochschule of Charlottenburg. 
He was also instructor at the Mining Academy from the time of its 
foundation in 1860. In 1855, he was made a member of the Berlin 
Academy. : 

It was not until 1874 that Rammelsberg attained the full recognition 
of his labours and was made ordinary Professor of inorganic chem- 
istry (in succession to Heinrich Rose), a position to which he had 
raised liimself from a lowly origin and by the exercise of the most 
extraordinary industry. 

In 1846 he married the daughter of a man well known in the 
history of mineralogy, Oberbergrath Zincken, of Magdesprung. 

He took an active part in the foundation of the Berlin Chemical 
Society in 1868, and was its President in 1870 and 1874. 

From the impression which I have derived from those who knew him, 
he must have been a man of unusually short stature, energetic 
carriage, and somewhat austere manner; an early photograph 
represents, by the sharply-cut features, the keen eye, and the com- 
pressed lips, a man of precision and determination ; he was clear and 
concise as a lecturer; a very quick but accurate worker ; sharp in 
exposing the mistakes of others, but equally ready to learn from them 
and correct his own errors. 

Professor Liveing, who worked in his laboratory at the Gewerbe- 
akademie in 1852, kindly allows me to quote his recollection of that 
period. He regards Rammelsberg’s asperity of manner as due to his 
“habit of expressing himself in few words; words, however, which 
were always to the point, and expressed his meaning clearly.” “He 
gave me the impression,” he says, “of having a mathematical mind, 
and of being very accurate. His laboratory was, by comparison with 
those of the present date, a makeshift one ; nevertheless, good work 
could be done there, but the appliances required for a research had, 
for the most part, to be extemporised. He was, however, more ready 
than many to adopt improved methods and apparatus. When I first went 
to his laboratory we had no gas, and had to use spirit lamps, and 
charcoal braziers for heating, but while I was there he introduced gas 
and other improvements ; and I well remember that Mitscherlich 
remarked to me that so doing was a mistake, because the greater part 
of Rammelsberg’s pupils would be dispersed in after life in places 
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where they could not get gas, and would find themselves in difficulty 
because they could not command the resources they had learnt to 
depend on. Another point about him was that he did his work him- 
self, He had no assistant in research when I was with him. He 
had, of course, some of the more advanced students who acted as de- 
monstrators to the younger ones, and he used the results which his 
pupils obtained as checks to his own work, but that work, so far as I 
saw, was essentially his own. How it may have been afterwards I 
cannot say, but I think it was in his character to be very indepen- 
dent, and more desirous of doing good than of making a great show. 
He may have been a disappointed man ; his manner rather suggested 
that, and his way of speaking of some of his contemporaries was perhaps 
a little cynical.” 

It must be remembered that the time of which Professor Liveing 
writes was twenty years before Rammelsberg’s labours were ¢rowned 
with full recognition on the part of the university, and it is pretty 
certain that his rising claims for a long time met with constant opposition 
in Government circles. On the other hand, he was by no means a man 
whose efforts were directed to personal advancement, and whether he 
met with promotion or neglect, assistance or opposition, he was 
inspired by a single-hearted devotion to science, which impelled him 
to unremitting labour and research. 

Private appreciations and reminiscences are always more impressive 
and trustworthy than such as are written for publication, and I am glad 
to have the permission of Professor Wolcott Gibbs (himself now one of 
our oldest foreign members), who was his pupil in 1845, to quote from a 
letter which he wrote to his old teacher forty years afterwards. 
“Many, many years have passed since I entered your laboratory as a 
pupil, but I well remember the pleasant afternoons that I spent with 
you, and the kind and friendly interest which you showed in my 
instruction. The very room is fresh in my mind’s eye, and I 
remember the names of the three Greek students who were my fellow 
pupils. Since then, your own noble example of earnest, constant work 
has always been before me. Of the many noble men whom [I learned 
to know in Berlin, you, I believe, alone remain ; Poggendorf, Heinrich 
and Gustav Rose, Magnus, Dove, Riess, Johannes Miiller, have 
gone. You presented me to Berzelius on the day of the dinner to him, 
and I sat next to you at table, when you spoke so well ‘im Namen der 
jiingeren Chemiker.’ In all these years the memory of my first teacher 
in analytical chemistry has always been cherished.” 

With reference to this occasion and the memorable visit of Berzelius, 
Professor Wolcott Gibbs writes tome: “ Many German professors and 
chemists and physicists were present. Among them Jacob Grimm. 
Several speeches had been made, when Rammelsberg asked me how 
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they compared with speeches made on similar occasions in America. I 
told him they were admirable, but wanted what the French call verve, 
life and spirit. Then Rammelsberg rose, and made a more spirited 
speech, which was very well received.” 

His skill as a raconteur is vividly in the minds of those who remem- 
ber those happy days of the Berlin University, when professors and 
students met together on terms of equality, and the latter had the 
opportunity of hearing the conversation of perhaps the most brilliant 
intellectual society in Europe. Among those who entertained each 
other with reminiscences in the informal evening gatherings after the 
meetings of the Geological Society, none could be more interesting 
than Rammelsberg. 

His scientific character, I think, may be understood from his pub- 
lished works; he possessed an extraordinary industry, which was 
devoted to the acquisition of all possible knowledge, the addition of 
countless new facts to the fabric of chemistry and mineralogy, and the 
patient repetition and correction of any observations of others which 
appeared doubtful. He was singularly unbiassed by any precon- 
ceived theory, because he was singularly distrustful of all speculation, 
and with his industry was combined a remarkable power of accepting 
new views as soon as they were established, and of relinquishing his 
old ideas as soon as they were disproved. 

His first text-book (1842) is an exposition of the electrochemical 
theory, and only mentions the new substitution theory of Dumas in 
order to reject it; but, as a matter of fact, at that date he had himself 
published a translation of Dumas’ lectures on the Philosophy of 
Chemistry, and a subsequent text-book which he published (1881) is 
called a “ Sketch of Inorganic Chemistry according to the New Views.” 
In the preface he uses the following words: “In the subject of 
organic chemistry has latterly been introduced a gradual reform of the 
older views, based upon general principles which underlie the whole 
science. Those who feel with the author that the modern way of 
regarding the facts is a real advance, must regret that there is no intro- 
ductory book available for beginners containing the elements of 
inorganic chemistry set forth according to the new views. The 
present outline, without laying claim to any merit, endeavours to 
supply this need. A supplementary section contains the modern 
laws, theories, and views so far as they relate to inorganic 
chemistry.” 

Rammelsberg was, indeed, one of the first of the chemists brought 
up in the old school to assimilate the new views and to disseminate 
them. He published a number of text-books which must have been 
largely used, His “Grundriss der anorganischen Chemie” ran through 
five editions ; of his “Leitfaden fiir die quantitative chemische Analyse” 
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four editions were published ; and of his “ Leitfaden fiir die qualitative 
chemische Analyse” eight editions. In addition to these were published 
a text-book of chemical metallurgy which ran through two editions ; 
a treatise on theoretical chemistry, one on quantitative metallurgical 
and mineralogical analysis, and the book already mentioned upon the 
new views of modern chemistry; it must be remembered that the 
purpose of all these books was not only to supply the student with a 
practical handbook, but also to give him an insight into the newer 
developments of the science. 

Combined with his readiness to accept new ideas was an obstinate 
adherence to the line of work which he marked out for himself, and he 
never showed the least interest in the development of organic chem- 
istry or took any part in it. His real interest was, I think, in mineral 
chemistry, of which he was for very many years the most prominent 
exponent. It is perhaps well that there was one man of untiring in- 
dustry qualified to receive the torch of mineral chemistry from 
Berzelius and to keep it alive by his own patient researches during 
the fifty years when most chemists were attracted by the more dazzling 
discoveries of organic chemistry. 

We will turn now to Rammelsberg’s own work. His contributions 
to science are so numerous that to give an intelligible account of 
them within a small compass is impossible. They range over the 
whole domain of inorganic chemistry and mineralogy, and consist 
mainly of the preparation and analysis of innumerable substances, the 
measurement and description of innumerable crystals; references to 
them can be extracted from three of his books ‘‘ Chemische Abhandlun- 
gen,” published in 1888 ; “ Handbuch der krystallographisch-physik- 
alischen Chemie,” published in 1881—1882 ; ‘“ Handbuch der Mineral- 
Chemie,” published 1875—1895. In the endeavour to convey some 
impression of the magnitude and thoroughness of his work and of the 
extent to which the increase of chemical knowledge in the second half 
of the nineteenth century is indebted to his untiring industry, I 
shall select a few of his memoirs in chemistry, crystallography, and 
mineralogy respectively, and let them stand as examples of his labours 
—a more complete summary being obtainable in the three books which 
I have just mentioned. 


Rammelsberg as Chemist. 


In the region of general inorganic chemistry, we can take his in- 
vestigations upon the halogen compounds, the phosphates, and the 
cyanides. 

Halogen Compounds.—Many of the metallic bromides and iodides 
had of course been already prepared, and bromic, iodic, and periodic 
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acids had been discovered, but the knowledge of the iodates aud 
periodates was very limited at the time when Rammelsberg took up 
their study. He prepared and analysed the bromides of barium, 
strontium, calcium, magnesium, zinc, cadmium, nickel, cobalt, lead, 
copper, mercury, and silver ; the bromates of potassium, sodium, am- 
monium, lithium, barium, strontium, calcium, magnesium, zinc, 
copper, silver, lead, aluminium, cerium, lanthanum, manganese, iron, 
nickel, cobalt, cadmium, bismuth, uranium, and mercury. 

The bromide of barium was found to contain 2 mols. of water and 
not 5, as stated by von Hauer ; measurement of the crystals showed 
them to be isomorphous with the chloride. 

But the most important part of the work was the study of the am- 
monia compounds of the bromides and iodides ; these were prepared 
either by treating a concentrated solution of the salt with ammonia 
solution, or by heating the dry salt ina stream of ammonia; by the 
former process were prepared ZnI,,4NH,; CdI,,2NH, ; Col,,4NH, ; 
Nil,,6NH,; 2(Cul,,4NH,)+3H,O; ZnBr,,2NH,; CdBr,,2NH,;, ; 
NiBr,,6NH,; CuBr,,3NH,; by the latter process: ZnI,,5NH; ; 
CdI,,6NH,; Col,,5NH,; Nil,,3NH,; 2Cul,,9NH,; PbI,,2NH, ; 
2AgI,NH, ; 2SrBr,,NH,; CaBr,,6NH,; CdBr,,4NH, ; CoBr,,6NH, ; 
NiBr,,6NH, ; CuBr,,5NH,. The composition of all these compounds, 
their crystalline form where possible, and their behaviour on heating 
and on treatment with water were studied; it was shown that am- 
monia is liberated on heating, and that treatment with water breaks 
them up into hydroxides 'and basic salts together with ammonia, 
and into ammonium bromide or iodide. 

The mercury compounds were found to behave differently; treat- 
ment of the solution of mercuric iodide with ammonia solution at the 
ordinary temperature yields a white, unstable compound, HgI, + NH,, 
identical with that obtained by the dry process, but at a temperature 
above 60° a brown substance is formed which is stable and is not de- 
composed by potash; this has the composition Hg,INH,O, and is 
analogous to the chlorine compound. The now well-known properties 
of this compound and its behaviour on heating were studied by Ram- 
melsberg, who regarded it as a mercuric ammonium iodide in which 
4 atoms of hydrogen are replaced by 2 of mercury. 

In 1888, he returned to the study of the ammoniacal mercury com- 
pounds, when he determined anew the composition of Millon’s base, 
studied the fusible and infusible varieties of “ white precipitate,” and 
by the direct action of acids on Millon’s base prepared the mercury- 
ammonium sulphate, nitrate, carbonate, phosphate, bromate, iodate, 
and periodate. 

The general investigation of bromates, iodates, and periodates be- 
longs to his earlier research ; the bromates were prepared either by 
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precipitation of metallic salts with potassium bromate or by solution 
of the oxides or carbonates in bromic acid, and yielded salts of barium, 
calcium, strontium, lead, mereury, and cadmium crystallising with 
1 mol. of water, the copper salt crystallising with 5, and the salts of 
magnesium, zinc, cerium, lanthanum, nickel, and cobalt crystallising 
with 6 molecules of water; in addition to these, the bromates of 
potassium, sodium, ammonium, lithium, silver, aluminium, and mer- 
cury were prepared, also basic salts of mercury, bismuth, and uranium, 
while efforts to obtain the bromates of manganese and chromium 
were not successful. The isomorphism of the bromates of barium and 
strontium with the corresponding chlorates was proved by crystalline 
measurements. In the course of this investigation, Rammelsberg also 
prepared the ammoniacal bromates of zinc, copper, silver, nickel, and 
cadmium. 

The iodates had only been previously studied by Gay Lussac and 
Senillas ; Rammelsberg was led to their investigation by a desire to 
test the opinion of Gay Lussac that basic iodates of the alkalis exist. 
He found that this was not the case, but he proceeded to an exhaus- 
tive study of the iodates, in the course of which he prepared and 
studied the salts of ammonium, potassium, sodium, lithium, thallium, 
barium, strontium, calcium, magnesium, aluminium, cerium, man- 
ganese, iron, cobalt, nickel, zinc, cadmium, lead, tin, bismuth, copper, 
mercury, and silver, and several of the double salts. This included 
the crystallographic description of the trimorphous potassium iodate, 
HKI,O,, the double iodate and chloride of potassium, and the double 
iodate and iodide of sodium ; it was shown that sodium iodate crys- 
tallises with 1 mol. of water above 5°, and with 5 mols. of water below 
that temperature ; the crystalline form of the latter salt was deter- 
mined, and it was found that the one substance may be converted into 
the other by change of temperature. 

The ammoniacal iodates of nickel, zinc, and copper were also suc- 
cessfully prepared. 

Continuing the research further, Rammelsberg made unsuccessful 
attempts to prepare perbromic acid and perbromates, and then turned 
his attention to the periodates. Periodic acid had been discovered in 
1833, and afew of the salts had been examined when he took up 
the subject ; he had already shown that among the iodates the potass- 
ium salt is the only one which is not converted into a periodate by 
heating, and in 1838, and again in 1869, he made a special study of 
the behaviour of the iodates and the periodates at high temperatures ; 
this inquiry included the iodates of potassium, sodium, barium, 
strontium, calcium, and the periodates of potassium, sodium, lithium, 
barium, silver, and magnesium. He found that the white, infusible 
residue which remains after evolution of iodine and oxygen is not 4 


MIERS : RAMMELSBERG MEMORIAL LECTURE. ll 


mixture of oxides, but contains iodine. With considerable difficulty 
_ (by determining the volume of the oxygen liberated), it was proved that 
in the case of the barium salt this is essentially the substance R”;1,0,., 
or, as it was then called, fiinftel-iiber-iodsaures Baryum ; the existence of 
these compounds Rammelsberg afterwards confirmed by preparing them 
in other ways. The result of his laborious study of these compounds, 
which he made entirely his own, was to supplement, correct, and com- 
plete the work of Magnus, Ammermiiller, and Langlois, and to estab- 
lish the whole series of periodates R'IO,; R’,1,0,; R’,10, ; R’,1,0,, ; 
R’,10,. 

The very exhaustive research upon the halogen compounds, of which 
the above is a very brief sketch, may be taken as an example of 
Rammelsberg’s chemical work. He was not one of those lofty spirits 
who make a great discovery or are possessed by a great idea which 
leads them on from one intellectual triumph to another ; but he was 
dominated by a restless zeal for research which made him quick to see 
the weak points in the investigations of his predecessors, and to mark 
the missing links in the chain of their researches. This led him at 
once to take up some piece of work which should either correct or 
confirm what had gone before, and then his untiring industry tempted 
him on to make the research as complete as possible. 

This seems to me to have been the history of many of his investi- 
gations, and is a clue to the scientific character of the man. No 
difficulty was too great for him, no research was too laborious ; having 
set his hand to the plough there was to be no turning back until the 
work was finished to his own satisfaction, although from a more 
modern point of view his limitation of the problem might often 
appear narrow and his vision of its possibilities circumscribed. 

When we take into account that a man imbued with this spirit 
has worked with unceasing industry for 60 years, we should perhaps 
scarcely wonder that his discoveries were so numerous and his know- 
ledge so wide. If a complete catalogue were made of the actual facts 
added to the store of chemical knowledge by Rammelsberg, the result 
would be amazing by its magnitude. 

We musi also remember that his independent spirit caused him 
always to work alone and to master every branch of his research him- 
self. There were few men in Europe between 1840 and 1870 whose 
practical knowledge of chemistry and crystallography was sufficient 
to achieve what was accomplished by Rammelsberg. 

Phosphates.—It will be sufficient to glance still more briefly at his 
researches upon the phosphates and the cyanides, and only in such a 
manner as to illustrate two other features of his character. 

Having taken up a problem which was limited in itself, Rammels- 
berg was often led on by it from one research to another in his desire 
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to complete the work. This was the case with the particularly diffi- 
cult work upon the phosphates. 

In the course of his mineral analyses he had examined the blue 
phosphate of iron known as vivianite, which had always been re- 
garded as a ferric phosphate. Rammelsberg discovered that this 
mineral contained both ferrous and ferric phosphate ; his analysis led 
to the formula 


2[3Fe,(PO,), + 2Fe,(PO,),]+ Fe,(HO), + 49H,0, 


but, since the crystals appear to be isomorphous with the cobalt 
arsenate, Co,(AsO,),+8H,O, he concluded that vivianite was 
originally a ferrous phosphate, Fe,(PO,),+8H,O, which by exposure 
to the air has become partly oxidised to a basic ferric salt. Rammels- 
berg was never content to express a view without searching patiently 
for all the evidence which might justify, or if adverse might lead him 
to modify, his opinion, and accordingly in this instance he proceeded 
to investigate the oxidation product of artificial ferrous phosphate, 
and so confirmed his theory. Its truth was still more firmly 
established some years later by the actual discovery in a sand at 
Delaware of a colourless vivianite which Fisher showed to be a pure 
ferrous phosphate corresponding exactly to the cobalt arsenate in com- 
position. He also determined the composition of the ferric phosphate 
prepared from iron-alum and disodium phosphate, and showed how 
two basic salts can be derived from it. 

In the same way, his study of the minerals wagnerite, lazulite, 
and amblygonite, the last-named a phosphate of aluminium, lithium, 
sodium, and potassium containing fluorine, which he himself regarded 
as one of the minerals most difficult to analyse, and whose composition 
he was the first to determine (1845), led him to work upon the phos- 
phates of magnesium and aluminium. He proved the gelatinous pre- 
cipitate yielded by concentrated solutions of magnesium sulphate and 
disodium phosphate, after washing in the cold, to have the composition 
HMgP0,+3H,O, while the filtrate yielded Graham’s crystallised 
hydrate, HMgPO,+7H,O; by treatment with boiling water, the 
normal salt, Mg,(PO,), +5H,0, is obtained. A study of the gelatinous 
precipitate-obtained by mixing solutions of alum and disodium phos- 
phate led him to the conclusion that the substance Al,(PO,), may 
contain either 9 or 6 mols. of water. 

The lithium phosphates, both mineral and artificial, were the sub- 
ject of repeated research on his part; none had been quantitatively 
analysed with the exception of the sodium lithium salt ; Rammelsberg 
proved the existence of the three salts Li,PO,+aq, H,LiPO,, 
H,Li(PO,),+aq. He further investigated the double salt of di- 
and tri-lithium phosphate, the sodium lithium phosphate, and the 
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lithium pyrophosphate ; showed the precipitate obtained from one 
molecule of Na,P,O, and six molecules of lithium acetate to be an 
isomorphous mixture containing varying proportions of sodium and 
lithium, and found that the acid pyrophosphate, H,Li,P,O,, could not 
be obtained in a pure condition. 

His investigations on the phosphites were undertaken with the 
object of ascertaining the basicity of the acid. H. Rose had studied 
the behaviour of the phosphites on heating, and (like Berzelius) had 
found them to have the composition 2RO,P,0,, but to contain various 
proportions of water, the barium, strontium, and calcium salts having 
2 mols., and the lead and manganese salts only 1 mol. of water 
of constitution, so that they were to be referred to the two acids 
R,H,P,0, and RHPO,. -Wurtz, on the other hand, regarded them all 
as neutral salts containing 1 mol. of water. The controversy turned 
mainly on the composition of the phosphite of barium which Rose 
had found to be H,Ba,P,0,, while Wurtz regarded it as HBaPO,. 
Rammelsberg repeated the analyses, and found the lead salt to be 
HPbPO, and the barium salt to be H,Ba,P,O,, thus confirming the 
results of Rose and Berzelius. 

Having found that oxidation of barium phosphite with nitric acid 
yielded a mixture of oxide, metaphosphate,and pyrophosphate, he was led 
to investigate anew the phosphites of strontium, calcium, magnesium, 
zinc, manganese, nickel, cobalt, cadmium, lead, copper, and iron, 
especially as regards their behaviour on heating. As the result 
of these investigations, he concluded that there are three phos- 
phorous acids, H,PO,, H,P,0,, and H,PO,, derived from the union 
of H,P,0, with 1, 2, and 3 molecules of water respectively ; 
to the first class belong the salts of potassium, sodium, ammonium, 
magnesium, zinc, cobalt, manganese, cadmium, lead, and copper ; 
to the second, the salts of barium, strontium, calcium, magnesium, 
nickel, and zinc; and to the third the salt H,MgPO, When 
Prinzhorn and Precht, in 1875, showed that the barium phosphite 
contained a certain proportion of phosphate, to which the incon- 
sistencies were due, Rammelsberg at once gave up all these views 
and convinced himself that the salt really has the composition 
HBaPO,, and that Wurtz was, after all, in the right. 

He subsequently undertook the study of the hypophosphites with 
the view of supplementing the work of H. Rose and Wurtz, and of 
preparing as many of these interesting compounds as possible, especially 
for the purpose of a crystallographic investigation. He prepared and 
studied the hypophosphites of ammonium, sodium, thallium, lithium, 
barium, strontium, calcium, magnesium, zinc, manganese, cerium, 
cadmium, lead, cobalt, nickel, and uranium, and compared their iso- 
morphous relationships where they exist. 
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When it is remembered that in this and many similar pieces of 
work Rammelsberg spared no pains in preparing, not only material 
for analysis, but also crystals which could be crystallographically 
studied with all the means at his command, and that the whole work 
of measurement and calculation was done by himself, one may well 
be surprised that even in his long life of activity so many of these 
researches were carried out. 

Cyanides.—If our knowledge of the halogen compounds and of the 
phosphates, phosphites, and hypophosphites is largely derived from 
the labours of Rammelsberg, still more is this the case with the double 
cyanides, His work upon these began with his inaugural dissertation 
in 1837, of which the purpose was to complete the work of Gmelin, 
Wohler, and Ittner by the preparation of the potassium and cadmium 
double cyanides. 

It is scarcely necessary to recapitulate the long series of compounds 
which he prepared ; they have become a part of the edifice of inorganic 
chemistry, throughout the whole framework of which the handiwork 
of Rammelsberg is to be traced by those who care to look up the 
authorities for the accepted facts of the science. 

A large portion of the work was devoted to the behaviour of 
cyanides and double cyanides at higher temperatures, to which he was 
led by Thaulow’s discovery of paracyanogen and his work upon the 
decomposition of cyanide of silver by heat. He repeated these ex- 
periments and found that the so-called carbazote, obtained by heating 
cyanide of silver, differed in no respect from cyanogen; his further 
experiments upon the double cyanides were chiefly devoted to the 
determination of the nature of the distillation residues obtained on 
heating. 

Upon the subject of the double cyanides, Rammelsberg held very 
decided views, and expressed himself as strongly opposed to the ferro- 
cyanogen theory of Porret and Liebig. His position is perhaps best 
stated in his own words, which will serve to illustrate the clear and 
direct character of his statements, and also, perhaps, the prejudices by 
which his views were limited : 


“According to the ferrocyanide theory, Prussian blue is not 3FeCy,+ 
2Fe,Cygy but Fe,3FeCy,. Gmelin’s blue is not 3FeCy,+Fe,Cy,, but 
Fe;,Fe,Cy;..” 


(Rammelsberg always in his teaching preferred to use the name 
“ Gmelin’s blue” in place of ‘‘ Turnbull’s blue.’’) 


“ Now, as is well known, there are two other compounds, namely : 

“(1) KCy+FeCy,, which is separated when yellow prussiate of potash is 
heated with dilute sulphuric acid. According to the ferrocyanide theory, it 
would be treated as K,,FeCy, + Fe,,FeCy,. 
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(2) KCy+2FeCy,, the red precipitate obtained from potassium cyanide 
and ferrous salts, which was investigated by Stideler. If it is treated as 
K,Fe,Cy;, a third radicle must be assumed. The adherents of the ferrocyanide 
theory maintain that all double cyanides fall into two classes : 

“A. Simple haloid salts of « substance consisting of cyanogen and a metal. 
To this class belong the series 4KCy+RCy,, and the series 6KCy+R,Cy,, 
and also from the series 2K Cy -;-RCy,, the platinum and palladium compounds. 
In these the following radicles must be assumed : 

RCy,; RCy,; R,Cyy.. 

‘B. Double salts, This includes the remainder of the series, 2KCy+RCy,, 
and also the salts of gold, silver, and copper. 

“ But why should this difference of constitution be assumed ? 

“The salts of the first class (we refer in particular to the potassium com- 
pound) yield in solution with dilute acids at ordinary temperatures no prussic 
acid, as do those of the second class. 

“The reason why the former apparently suffer no decomposition is to be 
found in the formation of a corresponding hydrogen compound. 

“ This action of acids, however, is limited to a portion of the salts. Whilst 
yellow and red prussiate obey the rule, and potassium cobalt cyanide behaves 
in the same way, my experiments show that the solution of potassium man- 
ganese cyanide, which decomposes of itself with liberation of manganese 
oxide, yields prussic acid freely with acids, and the same is true of potassium 
chromium cyanide. The hydrogen compounds prepared from the correspond- 
ing salts liberate hydrogen cyanide freely when their solutions are heated. 
The ferrocyanide theory assumes that here H,,FeCy, is converted into 4HCy 
and FeCy,. 

“The potassium salts of ruthenium and osmium are also decomposed by 
acids with formation of the hydrogen compounds, whose solutions quickly 
liberate prussic acid and deposit RuCy, and OsCy,. 

‘* How different may be the behaviour of analogous and isomorphous salts 
towards acids is illustrated by K,Ir,Cy,., which behaves like the red prussiate, 
while K,Rh,Cy,, yields prussic acid and Rh,Cy,. 

“Hence the action of the cyanogen compounds with acids is not a sufficient 
reason for assuming two classes of different constitution. Their liability to 
decomposition varies greatly, and is weakest in the iron compounds, 

“Closely related to the behaviour of the double cyanides towards acids is 
their physiological action. But to adduce this action, which is limited to the 
experiment with potassium iron cyanide, in support of the ferrocyanide theory 
is wholly unjustifiable, for the physiological action of a chemical compound 
does not depend upon the nature and association of its elements. 

“Tf now the behaviour of the double cyanides towards acids is not such 
that it implies a difference in their constitution, but only indicates a more or 
less intimate union of the two components, which, in the compounds of zine, 
cadmium, copper, &c., is admittedly so weak that the precipitates yielded by 
the potassium salt with other metallic salts are either of a different composition 
or merely mixtures, then the only support for the hypothesis of a ferrocyanide 
and other metallic radicles falls to the ground. 

“The behaviour of the double cyanides towards hydrogen sulphide or 
alkaline sulphides, the impossibility of precipitating the iron as sulphide from 
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prussiate of potash, which is adduced by some asa further support of the ferro- 
cyanide theory, is based upon an almost incredible ignorance of the facts. 

“‘Tt has long been known that potassium cyanide dissolves many of the 
metallic sulphides with production of potassium sulphide, 6KCy+FeS= 
4KCy+FeCy,+K,S. It is therefore self evident that alkaline sulphides 
cannot precipitate sulphide of iron from prussiate of potash.” 


It is easy now to see how Rammelsberg failed to appreciate modern 
distinctions between double salts and salts of complex acids. I think 
that even his later papers take no account of contemporary work upon 
electrolytic dissociation. Neither did he pay any attention to the 
important aid afforded by the complex cyanides in the periodic classi- 
fication of the metals, especially the Fe, Co, Ni, and Pt group. And 
similarly in the halogen compounds there is no evidence that he 
would have attached much importance to the use made of the salts of 
silver bromide with ammonia in developing the theory of dissociation 
by Joannis and Crozier and others. But, perhaps, this is unfair 
anticipation, for his own researches belong to a much earlier period. 

Among the other large contributions to general inorganic chemistry 
must be mentioned Rammelsberg’s researches upon the _sulph- 
antimonates; he was the first to determine the composition of 
Schlippe’s salt, and to prepare and study a great number of these 
compounds, and the potassium antimony] ‘sulphantimonate was of 
special interest 60 years ago as the first instance of a double salt whose 
constituents have the same electropositive element ; he also undertook 
a laborious repetition of Rose’s work upon tantalum and niobium, 
which had been called in question and partly disproved by Marignac 
and Blomstrand, so that a complete revision was necessary in order to 
confirm what was right and to eliminate what was wrong. In Ram- 
melsberg’s own words: “ It seems an irony of fate that H. Rose, the 
discoverer of the volatile oxychloride of chromium, who proved that 
the supposed superchlorides of molybdenum and tungsten are oxy- 
chlorides, should himself have taken niobic oxychloride for niobic 
chloride (Unterniobchlorid). Similarly, as is well known, Berzelius 
took the vanadium oxychloride for vanadium chloride, as was first 
proved by Roscoe. Of Rose’s results, all that relates to his Unter- 
niobsiure is sorrect, but his niobium compounds were mixtures, and 
his tantalum compounds were not free from niobium. Rose’s memoirs 
are to be found in Poggendorff’s Annalen, volumes 63—113. I have 
extracted from them all that is firmly established both now and for the 
future of the science (ibid.,186,177).” Mention only can be made of 
Rammelsberg’s researches upon ozone, upon the hyposulphites, the 
sulphites, nitrosulphonic acid, the nitrites, titanic acid, the vanadates, 
the phosphomolybdates, the salts of uranium, of thallium, of cerium, 
and of lithium, and his determination of the atomic weights of 
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molybdenum, cerium, lanthanum, uranium, and of the metals of the 
yttrium group. In the last-mentioned he strongly opposed the view 
of Nordenskiéld that the atomic weight of these metals is nearly 
constant in the minerals which contain them. 

One of his important papers was communicated to this Society, 
“ Experimental Researches on the Amalgamation of Silver Ores” 
(Trans., 1881, 39, 374). Being engaged upon a translation of Percy’s 
metallurgy into German, he was struck by the very imperfect ex- 
periments which had been made with the object of discovering the 
chemical changes which take place in the Mexican amalgamation 
or Patio process. With characteristic energy he made it his first 
business to repeat and extend these experiments, and to obtain 
for the first time quantitative results. He studied the action of 
cuprous and cupric chlorides on silver chloride, sulphide, arsenide, 
sulpharsenide, and sulphantimonide, and although it cannot be said that 
his experiments dispelled the mystery that surrounds the Mexican 
process, they supplied for the first time numerical data on which the 
explanation of that process must be based. 

One of the most unintelligible features of Rammelsberg’s scientific 
work has been alluded to above, and must be again noticed. During 
the period when the whole science of chemistry was being transformed 
by its development on the organic side, Rammelsberg, almost alone, 
remained steadfastly immersed in inorganic research, and was never 
tempted into the attractive region of the carbon compounds. With 
the exception of a few isolated researches, mostly of a crystallographic 
nature, his work upon the oxalic acids and their salts and upon the 
uranium acetates are the only important investigations which carried 
him across the borderland, and these are almost entirely of crystallo- 
chemical interest. 

It was not that he closed his eyes to the extraordinary development 
of organic chemistry, or failed to make use of its teaching ; indeed the 
subject is adequately treated in his own text-books, and, as I have 
pointed out, he was one of the earliest adherents of the new chemistry ; 
but he purposely confined himself to a path which he had marked out 
at the beginning of his career, except where his own researches led 
him to make temporary excursions into the region of allied subjects. 


Rammelsberg as Crystallographer. 


In 1801 Haiiy had written that “at the Ecole des Mines, chemistry 
and crystallography, so long separated, had entered into a close part- 
nership which they have promised never to dissolve.” No one contri- 
buted more to the maintenance of this partnership than Rammelsberg. 

Of his own work on the acetates, he says: “The previous data con- 
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tained so many contradictions that, evidently, the material which was 
analysed and the material which was measured cannot always have 
been the same. A work carried out along both lines has removed all 
the doubt and error which resulted from the fact that the chemist did 
not measure the salts which he analysed, and the crystallographer did 
not analyse the salts which he measured.” 

For example, he showed in this paper that two manganese uranyl 
acetates crystallise out in succession from a mixed solution of the 
acetates, and that the measurements of Grailich had been made upon 
one of these, and the analysis of Weselsky upon the other ; they had, 
of course, been supposed to relate to the same substance. 

It is painful to reflect how often this sort of thing may have 
happened during the nineteenth century, and the reproach against 
chemists that they lack a practical knowledge of crystallography, and 
against crystallographers that they lack a practical knowledge of 
chemistry, is by no means removed. It is, however, a hopeful sign of 
the times that a younger school of chemists is now rising against 
whom this reproach can no longer be brought. 

Even in 1881 Rammelsberg could use the following words on the 
subject (“‘ Handbuch der krystallographisch-physikalischen Chemie,” 
preface) : 


“ Physicists and chemists meet in a region which stimulates the research 
spirit of both. Has not specific heat acquired a great importance for chemistry ? 
Has not the electrolysis of compounds exercised an effect upon the views of 
pure chemistry? Have not spectroscopic phenomena been transferred from 
the domain of optics to that of practical chemistry? The chemist sees himself 
continually driven to the study of physical phenomena. . . . The chemist 
must investigate the geometrical and other physical properties of substances as 
well as their composition and reactions. . . . If, however, we compare our 
chemical handbooks with the mineralogical, we cannot fail to notice the very 
unequal treatment which the individual properties receive. For each mineral 
is given a special description of the crystalline form ; i.e., the constants ob- 
tained by observation and calculation. . . . The handbooks of chemistry, 
even the more complete, treat the most important physical properties either in 
a fragmentary manner or not at all. This is true of the crystalline form, the 
optical characters, the expansion, specific heat, electrical and magnetic pro- 
perties ; the reader is left to seek the physical constants of a substance in 
physical treatises or journals. Leopold Gmelin’s great work alone takes due 
account of the crystallographic elements. 

“A result of this neglect of the physical properties in our chemical text- 
books is the incompetence of young chemists to investigate their own prepara- 
tions crystallographically and optically. And yet it is not so difficult to 
acquire the requisite crystallographic and physical knowledge, instead of 
leaving this investigation to others, In a precisely opposite manner the miner- 
alogists formerly erred by confining themselves to the geometrical and physical 
properties, and neglecting the chemical, so that we learnt from them what a 
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mineral looks like but not what it is. A substance bearing the same name, 
but analysed by another man in another piace and at another time, was often 
an entirely different mineral. Such a division of labour frequently leads to 
blunders ; an instructive example is afforded by the memoir of Schabus, which 
was crowned by the Vienna Academy of Sciences (in 1855). In this, potassium 
lithium sulphate is described as lithium sulphate, the sulphates of didymium 
and lanthanum are described as the chlorides, under the name grape-sugar is 
described the compound with sodium chloride, &.” 


One of Rammelsberg’s great books of reference, from the preface of 
which the above is quoted, was designed to supply the need of which he 
complains, and to give chemists a book in which they could find precisely 
what was wanting in their own treatises. With immense labour he 
collected for this book all the crystallographic, optical, and other 
physical constants of all the crystallised compounds which had been 
described, adding full references so that the reader could always turn 
to the original sources. It was, and is still, an invaluable book of 
reference, although, of course, the volume dealing with organic com- 
pounds is now quite inadequate, owing to the rapid accumulation of 
facts during the last 20 years; it would no longer be possible to 
include all the physical as well as the crystallographic characters of 
chemical compounds in a single volume of reasonable dimensions ; and 
the modern method of treating the former in separate works is, no 
doubt, more convenient. 

To the crystallographic knowledge of chemical compounds no man 
contributed more largely than Rammelsberg himself. Without his 
labours, the illuminating discovery of isomorphism would never have 
exerted such widespread influence, and no man was better fitted to 
carry on the work of his great master, Mitscherlich. 

In crystallography as a distinct science, Rammelsberg had, I think, 
no particular interest ; he regarded it only asa means to an end. 
Born only four years after the discovery of the reflecting goniometer 
by Wollaston, he became one of the most practised experts with 
that instrument, and regarded it as part of the armoury of the 
chemist. 

His student days were set at an interesting time in the history of 
the young University of Berlin. The Abbé Haiiy, the real founder 
of crystallography, was still alive, and the science had made rapid 
advances in the hands of German and English investigators. Weiss 
had recently introduced the use of axes to which the faces of a crystal 
can be referred and which suffice for its description; he and Mohs 
had independently established the existence of the six systems; the 
laws of the double refraction of crystals belonging to these different 
systems and the methods by which they can be studied had been 
elaborated by Brewster and Herschel. In no place could the newly 
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developed science be better studied than in Berlin ; Mitscherlich was 
Professor of chemistry, Weiss of mineralogy, and Gustav Rose had 
recently (1822) been appointed ausserordentlicher Professor of 
mineralogy. 

Rammelsberg worked with all these men, and his whole scientific 
career was determined by their inspiration, but he always remained 
content with the crystallographic methods of his student days, and 
was satisfied if he could determine the form of every crystallised com- 
pound which he prepared and express it in the manner which had 
become familiar to him in 1834. Weiss called the three axes of a crystal 
a bc, and denoted any face by its intercepts on these axes by means 
of a symbol such as [ma, nb, pce]. Rammelsberg always employed 
this notation; Neumann in 1823 had already introduced the con- 
venient method of denoting the faces of a crystal by their normals 
and by the points in which they intersect a sphere, and Whewell in 
the same year had suggested the use of indices, afterwards developed 
by Miller, according to which a face whose intercepts on the axes are 


o 4 is denoted by the symbol (324) ; yet he would not even adopt 
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the notation of Naumann, which became almost universal in Germany. 
He says in 1881 “I have used the notation introduced by Weiss, 
the founder of the new crystallography, because I regard it as in 
itself better than any other, and I employ the actual angles between 
the faces because they alone, and not the angles between the normals, 
are expressed by the crystal itself. It is certain that the study of 
crystals would have been much more widely diffused among chemists 
if crystallographers had followed neither Naumann nor Whewell 
and Miller.” 

This was a curious piece of conservatism which would hardly have 
been expected on the part of one who, as we have seen, was so quick 
to absorb new views in chemistry and to change his position in con- 
formity with the advance of that science. Having regard to the rapid 
displacement of Weiss’s system by Naumann’s, and the present 
almost universal acceptance of Miller’s notation, it is easy to see that 
this adherence to an antiquated notation was one of the chief causes 
which prevented his book from becoming more widely known. For 
this reason, also, it is probable that two elementary text-books of 
crystallography for chemists, which he published in 1857 and 1883 
respectively, never had a wide circulation, although they are written 
with admirable lucidity. 

None the less is the Handbook an invaluable storehouse of useful 
information, and none the less were Rammelsberg’s own contributions 
to chemical crystallography of immense importance. Let us, without 

entering into details, glance at a few of his investigations, Among 
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those of most general interest are his work upon the isomorphism of sul- 
phur and selenium, and of the compounds of vanadium and phosphorus. 

From experiments on the density and the solubility of selenium, 
Rammelsberg concluded that there are three, and not two, crystalline 
modifications of this element, in addition to the amorphous variety. 
Mitscherlich had measured crystallised selenium with great care, but 
found its form to be different from that of sulphur ; Rammelsberg 
showed that the crystals obtained from solution in carbon disulphide 
are probably isomorphous with the monoclinic variety of sulphur, and 
this conclusion was afterwards confirmed by vom Rath, who found that 
isomorphous mixtures of the two elements possess sometimes the form 
of orthorhombic, but sometimes the form of monoclinic sulphur, 
proving that a monoclinic modification does enter into such mixtures. 
He subsequently endeavoured to prepare the potassium tellurate which 
had been described as isomorphous with the selenate and sulphate, but 
found no justification for the suggested isomorphism of tellurates with 
selenates. The isomorphism of sulphur and selenium has since been 
the subject of research by Muthmann, who has established the crystal- 
lographic relationships between these elements so far as they are at 
present known, and he is not disposed to accept the isomorphism of 
the selenium crystals here alluded to with the ordinary monoclinic 
sulphur, although it may occur with another monoclinic modification. 

In 1856 Rammelsberg pointed out that the mineral vanadinite, the 
chlorovanadate of lead, in which vanadiuin was first discovered, is 
undoubtedly isomorphous with pyromorphite, the chlorophosphate, and 
insisted that the isomorphism must imply an analogous formula, 
especially since vanadinite contains some phosphoric acid, as he found 
by the analysis of specimens from Carinthia. At that date, the views 
that were held concerning the constitution of vanadic acid did not 
render this interpretation possible, and Rammelsberg declared that 
this must either be a case of the isomorphism of substances which are 
not similar in constitution, or else vanadic acid is not VO,, but V,O,, 
hereby predicting the result of Roscoe’s classic work. 

From what has been already said, it will be understood that, among 
the bromides, bromates, iodides, iodates, and periodates, the phosphates, 
phosphites, &c., and the cyanides, the isomorphous relationships of many 
series of salts were established by Rammelsberg ; the same is true of 
the double chlorides, such as 2R’C1+R’Cl,+aq; the dithionates ; 
the arsenates, dc. 

Among the phosphates, he showed that H, K, Am, Tl replace one 
another in isomorphous salts. Among the uranyl double acetates he 
traced three series in one of which manganese is replaced by cadmium, 
and in another by magnesium, whilst in the third magnesium is replaced 
by zine, nickel, cobalt, or iron; the barium, strontium, and calcium 


22 MIERS : RAMMELSBERG MEMORIAL LECTURE. 


series, containing 2 atoms of uranium and 6 mols. of water, con- 
stitute another isomorphous series, whilst in the alkali series potass- 
ium may be replaced by silver. Among the sulphates, he contributed 
cases of the isomorphism of yttrium, erbium, didymium, and cadmium, 
and of uranium with thorium. 

Many of,these researches bore upon the isomorphism of compounds 
containing the alkali metals. He was the first to establish (in 1853) 
the tetartohedral character of sodium chlorate by observing that a 
cube of this substance might have only four faces evenly replacing its 
corners and twelve faces unevenly replacing its edges ; he was also the 
first to make crystalline mixtures of cubic sodium chlorate with 
tetragonal silver chlorate ; his preparations were afterwards used by 
Lehmann and served to demonstrate the fact that silver chlorate is 
dimorphous. He established also the dimorphism of manganese chloride, 
and proved the isomorphism of tin, platinum and palladium in the double 
chlorides. The polymorphism of tin itself was thesubject of a special inves- 
tigation in which he studied in particular the transformation of ordinary 
into gray tinand came to the conclusion that there are three modifications 
of this element, and that gray tin may become transformed below its 
temperature of fusion into tetragonal and perhaps also into ordinary 
tin ; in this connection, the alterations which take place in the alloy 
used in organ pipes after continued use, possibly due to vibration, are 
of interest. He measured crystals of an alloy of tin and copper which 
proved to be hexagonal, ‘and adduced strong reasons for regarding 
many other alloys such as those of copper and zinc, gold and tin, iron 
and tin, tin and antimony, gold and antimony, gold and mercury, as 
mixtures of isodimorphous substances. 

His early experiments on the solubility of mixed suiphates (in 1854) 
were the first observations of this sort, and were the beginning of a 
class of research which has subsequently, in the hands of Bakhuis 
Roozeboom and others, led to such fruitful results. In these and 
kindred researches, Rammelsberg may be regarded as one of the 
pioneers of modern physical chemistry. He was the first to suggest 
a principle which has since been elaborated by Wyrouboff and others, 
that the axial ratios of the substances which are capable of forming 

mixed crystals are not necessarily almost identical, but may bear a 
simple rational relation to each other ; the possibility of isomorphous 
substances presenting almost identical angles in some zones of crystal 
faces whilst differing considerably in others is brought out in his study 
of the phosphates of ammonium, thallium, and sodium. 

The most interesting of his memoirs on these subjects, and, con- 
sidering the date at which it was published (1854), the most remarkable, 

was that already referred to upon mixed crystals of the sulphates of 
the series R”SO,,7H,O. He found that the crystals obtained by 
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fractional crystallisation do not possess the same composition as the 
solution from which they crystallise, if the solubility of the con- 
stituent salts is not the same, but that successive crops are produced 
of which the last contain a greater proportion of the more soluble 
salt ; he also showed that in some of these cases the mixed crystals 
are only capable of forming within certain limits, and that an excess 
of one constituent may crystallise out in a pure condition beside the 
crystals of mixed constitution ; further, that in such mixtures, for 
example, as those containing iron and magnesium, the crystals possess 
the rhombic form of magnesium sulphate when Mg: Fe is greater than 
3, and the monoclinic form of the ferrous sulphate when Mg: Fe is 
equal to or less than 1. 

At that date, such mixed crystals were usually supposed to be mere 
parallel growths consisting of alternate layers of the two constituents ; 
Rammelsberg made it very clear that their complete homogeneity 
and their optical properties proved them to be really molecular mix- 
tures. In this very important work, he was opening up a line of 
research which leads directly to all that has since been done upon the 
properties of solid solutions, and induces me to repeat that Rammels- 
berg, although he has not received the credit for it, was certainly one 
of the pioneers in modern physical chemistry. 

It is not necessary to pursue this subject further ; it is now familiar 
to all chemists, and an admirable summary of the subsequent work is 
to be found in the English translation of Fock’s “ Introduction to 
Chemical Crystallography.” 

One striking result of Rammelsberg’s work on the mixed sulphates 
deserves notice ; his analyses of the mixed sulphates led him to the 
conclusion that, in some of these at any rate, the mixture does not 
take place in arbitrary proportions, but only in certain fixed molecular 
proportions ; in other words, that they are of the nature of double 
salts, although their properties may be indistinguishable from those of 
a mixture. Since the publication of Dufet’s research, which indicated a 
continuous change of the geometrical and physical properties as the 
composition of the mixed zinc-magnesium sulphate changes, this result 
has been ignored; but Rammelsberg was a careful observer, and his 
experiments ought to be repeated. 

I have perhaps now quoted enough of his crystallographic work to 
show what valuable results he was able to obtain by his familiarity 
with the use of the goniometer, and his recognition of the fact that 
this instrument should form part of the equipment of a chemist. 

Of the all important work relating to isomorphism that formed so 
large a part of Rammelsberg’s labours, the greater portion lies in the 
field of mineralogy, where his contributions to science were even more 
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extensive than the chemical and crystallographic researches which we 
have just surveyed. 


Rammelsberg as Mineralogist. 


In attempting now to form an estimate of Rammelsberg’s labours, 
which have long become a part of the scientific heritage of the present 
generation, we must continually bear in mind that, although he died 
in 1899, he was beginning to publish in 1837, and it is necessary to 
picture to ourselves the condition of science at that date, This is true 
of his chemical and crystallographic work, and it is equally true of his 
mineralogical memoirs in which both chemistry and crystallography 
are combined. Fortunately, it is easy to get a picture of the 
condition of mineralogy at different periods in his career, for the 
standard text-book was the work of his exact contemporary, Professor 
James Dwight Dana, and the successive editions of that book reflect ac- 
curately the successive stages of the science. The first edition was 
issued in 1837, the very year in which Rammelsberg’s first work was 
published ; the sixth edition, edited by Professor Edward Dana, was 
issued in 1892, when Rammelsberg had just resigned his professorship ; 
the immense difference between the two in their chemical aspect is 
really an eloquent testimony to the influence of his work. 

In 1837, mineral chemistry did not exist except in the mind of 
Berzelius, and perhaps of one or two of his followers. In the first 
edition of Dana’s mineralogy, not a single formula is given, and in 
the preface the following remarkable statement occurs: “ When the 
crystallisation of a species is sufficiently distinct to serve as a guide in 
distinguishing species, the results obtained by chemical means should 
never modify the decisions of the mineralogist,” and, subsequently, 
after it has been confessed that chemical and blowpipe tests are often 
a valuable assistance, “in making this admission it does not appear 
that we degrade the science of mineralogy from its rank among the 
natural sciences as some of its most distinguished authors would 
affirm.” 

That a mineralogist should have to apologise for analysing a mineral, 
and regard an analysis as a degradation to his science, seems now 
scarcely credible, but so it was in 1837. It is true that some glim- 
mering of the influence of Berzelius may be discerned in the shape of 
a little appendix on chemical classification. Minerals, it is there said, 
may be classified either by their electropositive or by their electro- 
negative elements ; the latter is perhaps preferable, for Mitscherlich’s 
principle of isomorphism has shown that the electropositive elements 
may replace each other without introducing any change into the 
physical characters. On the other hand, later discoveries indicate 
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that the electronegative constituents may also replace each other ; so 
that on the whole there is an objection to any chemical classification 
whatever. 

The second edition appeared in 1844. Here the classification 
adopted is that of Mohs—the latest refinement of the so-called 
natural-historical system of Werner—in which the species are defined 
by their external characters alone, especially the hardness and the 
specific gravity, and not by their composition. The species are grouped 
into genera, and the genera into orders, and they all receive Latin 
names like those used for plants. 

In this second edition, however, the appendix on chemical classifica- 
tion contains a survey of the mineral kingdom in which the species are 
arranged solely by their chemical constitution, and are defined by 
chemical formule. The secret of this change is explained by the 
author himself; he says, “‘The very elaborate treatise on chemical 
mineralogy by Rammelsberg, which has lately appeared in Germany, 
has afforded nearly all the materials for this part of the table.” 

It will be found that at this date, over seven years after he had 
began to publish, Rammelsberg is already responsible for no less 
than 56 of the formule, and in succeeding editions his influence is 
no less strongly felt. In the third edition of Dana, the natural history 
system is thrown over, and the classification becomes mainly a 
chemical one, and nearly identical with that adopted at the present 
day. 

This transformation of mineralogy was, of course, originally due to 
Berzelius ; its beginnings are sketched in Whewell’s “ History of the 
Inductive Sciences,” where it is treated as an almost contemporary 
episode. 

Berzelius had first, in 1816, proposed a classification of minerals 
according to the electropositive elements, and subsequently, when 
this had been subjected to much criticism and was found to be in- 
compatible with various isomorphous relationships, he replaced it 
by an arrangement mainly according to the electronegative elements. 

No one interested himself more in the dissemination of the views of 
Berzelius than his friend Rammelsberg, who published in 1847 a small 
volume containing translations by Gmelin, Pfaff, and himself of seven 
memoirs by Berzelius relating to the classification of minerals. Two 
of these are the schemes just referred to, the others are replies to his 
various critics, and the volume closes with a paper by Rammelsberg 
himself, a survey of the mineral kingdom upon the lines laid down 
by Berzelius. 

In a preface, he remarks “ According to this principle the different 
augites, hornblendes, garnets, &c., which contain different bases 
cannot be placed together. But whatever may be the objections to 
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the chemical system from the purely mineralogical standpoint, it 
cannot be denied that it is based upon a single principle, and that 
this can be conveniently carried out through the whole scheme.” 

It was, I think, characteristic of the man that he did not devote any 
more time to the academic discussion of the principles of classification 
—in his own first treatise the minerals were arranged by the most 
convenient of all methods, an alphabetical order—but, having con- 
vinced himself that a chemical system would be possible, he set to 
work upon the analyses without which any such classification would 
be premature. 

The treatise was entitled ‘‘ Handwérterbuch des chemischen Theils 
der Mineralogie,” and was published in 1841; it was dedicated to 
Heinrich and Gustav Rose. The book contains all the mineral analyses 
at that time published, including a number of new analyses by 
Rammelsberg himself, and gives the reactions and blowpipe tests for 
each species. All the formule are calculated from the atomic weights 
of Berzelius, and the theoretical composition of each mineral is given. 
A few pages of introduction give the principles of mineral chemistry as 
laid down by Berzelius, and the method of calculating formule. 

The book was welcomed with acclamation by Berzelius, Leonhard, 
Kobell, and the other leaders of chemical and mineralogical science. In 
his Jahresbericht for 1843, Berzelius gives the following appreciation 
of the work : 


** Mineralogy has been enriched by a work of the highest value to those who 
believe that the study of the chemical composition of minerals belongs to this 
science. The minerals are arranged in alphabetical order and all their known 
analyses are given, accompanied by a profound criticism of the analytical 
methods employed therein, together, often, with a recalculation and the requi- 
site correction of the results deduced. It fulfils two requirements which are 
seldom simultaneously satisfied, it is exhaustive without being wearisome by 
excessive elaboration. The introduction contains a brief but clear and systematic 
representation of the chemical constitution of minerals, and the way in which 
they are to be criticised according to the results of the analyses. 

“Seldom has a book been so much needed or so well supplied the need. 
The industrious author deserves the greatest thanks for his useful and laborious 


undertaking.” 


Between the years 1843 and 1853, five successive supplements were 
issued at intervals ; not only did these contain all the new analyses 
which had been published, but the composition and formule were all 
recalculated with the corrected atomic weights. 

It will by this time be suspected from what has gone before that most 
of Rammelsberg’s life was devoted to the laborious accumulation of new 
facts, and that he did not publish much of a speculative nature or 
enter into the wordy strife of scientific controversy ; he was content 
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to criticise and correct by the quiet process of experiment and 
observation. 

Each of these supplements to the Handwérterbuch contains a 
general introduction which gives a clue to what he considered most 
important and interesting in contemporary mineralogy and to his own 
opinions on controversial subjects. 

For instance, in the second supplement (1845), he explains that 
Gmelin had accepted SiO,, in place of SiO,, as the constitution of 
silica. The formule of most of the important silicates on this 
hypothesis are given, and Rammelsberg confesses that many are con- 
siderably simplified, but the principle is not yet accepted. 

The third supplement (1847) contains a notice of Wallmark’s 
suggestions concerning silicates of the monoxide bases, namely, that in 
these, whatever may be their differences of system, two of the 
crystallographic axes bear nearly a constant ratio 0°92:1. The recent 
investigations which led to the detection of phosphoric acid and 
fluorine in very many minerals, and Ebelmen’s work on the decom- 
position of silicates, are also noticed. 

In the fourth supplement (1849), the recently suggested possibility 
of the isomorphism of sulphur and arsenic compounds is discussed, 
and Rammelsberg thinks it cannot be maintained. 

The relationship between the rhombic bournonite (PbCuSbS,) and 
the hexagonal red silver (Ag,SbS,), which had been compared by 
Gustav Rose to that between aragonite and calcite, is in his opinion 
due to proportionality of atomic volumes. 


Calcite — 232 _1;Aragonite 21 


Red Silver 1180 5 Bournonite 1073 


The greater part of these introductions, however, is devoted to a criti- 
cism of Scheerer’s polymeric isomorphism and of Hermann’s heteromer- 
ism ; it is difficult now to appreciate the importance which these theories 
assumed in the eyes of their contemporaries, and it is almost forgotten 
how large a part was played by Rammelsberg in their demolition. In 
Ernst von Meyer’s “ History of Chemistry,” Rammelsberg is dismissed 
in a paragraph (he is also killed before his time), and the Hermann— 
Scheerer controversy is scarcely discussed ; and yet these views must 
have, for a time, held the field masterfully. In his fourth supple- 
ment, Rammelsberg prefaces his criticism with the remark ‘“ The 
criticism of Scheerer’s and Hermann’s theories may, it is hoped, induce 
others to express their opinions openly.”  Scheerer, it will be 
remembered, believed that in many silicates and other minerals RO 
may be replaced by 3H,0 ; his argument relied chiefly upon the mineral 
aspasiolite, which has the form of cordierite, and also a similar com- 
position if 1 mol. of magnesium oxide may be regarded as replaced by 
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3 mols. of water. The serpentine crystals from Snarum in Norway 
were supposed to be another example. Rammelsberg insisted that 
aspasiolite and the allied minerals are only altered cordierite which 
has gained water during decomposition (the mineral has subsequently, 
owing to the work of Haidinger, Naumann, and others, been deposed 
from its high position, and is now known to be certainly a pseudomorph 
after cordierite) ; Rammelsberg also showed that the minerals of the 
scapolite group upon which also Scheerer largely relied are particularly 
liable to alteration. The arsenate of cobalt, according to Scheerer, 
contains 6 mols. of water, and its isomorphism with the ferric phos- 
phate, vivianite, is only brought out by assuming that FeO is replaced 
by 3H,O ; Rammelsberg insists that both minerals contain 8 mols. of 
water. Scheerer’s further hypothesis that CuO can be replaced 
by 2H,0, and 2SiO, by 3Al,0,, he stigmatises as entirely arbitrary. 

Hermann’s heteromerism, which has also passed into the limbo of 
forsaken theories, and is dismissed by Arzruni in his volume on the 
physical chemistry of crystals in Graham-Otto’s Lehrbuch as of no 
importance, was criticised by Rammelsberg with great care, and I 
think will be found on examination to be far less alien to modern 
views than is commonly supposed. The real hypothesis of Hermann 
was that substances of nearly the same form, but quite different com- 
position, can mix to form homogeneous crystals ; epidote, for example, 
is a mixture of the two following compounds :— 


pe R,Si + 2RSi 
Bucklandite ...... 2R,Si + 3RSi. 


That substances of different composition may have nearly the same 
form Rammelsberg confesses ; that they can enter into isomorphous 
mixtures he regards as not proven, but contents himself with the 
principle. ‘Substances which have nearly the same crystalline form 
possess the same or proportional atomic volumes.” 

The fifth supplement (1853) gives evidence of the rapidly extending 
acceptance (due largely to Dana and Kobell) of Kopp’s idea that the 
isomorphism of minerals depends upon the equality or proportionality 
of their atomic volumes. Rammelsberg himself at that date regards 


Tourmaline as R,Si, + nBSi with RSi + nRSi. 
Felspar as R»Si+ n&iSin. 


Mica as nRSi +nRSi. 
Hornblende as nRSi + nR, Sip. 


These are all instances of the multiplying cases of isomorphism among 
compounds which differ in the number of their atoms. 
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From that day to the present time, mineral chemistry has been 
mainly occupied with the endeavour to discover the isomorphous con- 
stituents which mix to form a mineral of complex composition such as 
tourmaline or epidote ; that they are isomorphous mixtures is, of 
course, firmly held, but the proportionality of atomic volumes is no longer 
invoked as a criterion, and similarity of composition is now so 
liberally interpreted that the views of Hermann should no longer 
be dismissed as wild speculations. 

In many of the questions concerning which controversy raged, such 
as whether only the constituents which enter into the mixtures are 
to be called mineral species, or whether the intermediate mixtures also 
deserve that name, Rammelsberg took little or no interest. His busi- 
ness was to supply the solid foundation of fact only to be attained by 
laborious analyses, upon which alone theory can be based. 

In my opinion, the most important contributions which Rammels- 
berg made to science were those which he made as a mineral chemist. 
If, as we have seen, he brought to the study of chemistry a much 
needed knowledge of crystallography, he certainly brought to the 
study of minerals an even more needed knowledge of chemistry. 

He himself deplores the fact that in the early days of the science 
Haiiy was solely a crystallographer and Klaproth a chemist. ‘ What 
rapid strides would have been made by mineralogy if Haiiy’s crystallo- 
graphic knowledge and Klaproth’s chemical ability had been united 
in a single person.” It is not often that a science suffers from over 
specialisation in its early periods, but the study of minerals is not so 
much a distinct science as a region in which three sciences meet, and 
few were gifted with the power of mastering all three. No man was 
better equipped than Rammelsberg to achieve conquests in this un- 
explored region. His published papers on mineralogical subjects are 
very numerous (including those on rocks and meteorites, about 300) ; 
their results are incorporated in his great treatise, ‘‘ Handbuch der 
Mineralchemie,”’ which succeeded the ‘“‘ Handworterbuch,” already 
mentioned. The first edition of the “ Handbuch ”’ was issued in 1860, 
the second edition in 1875, an “ Erginzungsheft” in 1886, and a second 
supplement in 1895. Rammelsberg’s mineralogical work is so vast 
that here again in order to form an estimate of its character I 
propose to select only two or three examples, and to leave his ‘‘ Hand- 
buch” to describe the remainder. 

Augite and Hornblende.—Conspicuous among his early papers are 
those on the augite and hornblende group of minerals. These two 
minerals were only distinguished by their cleavage angle and form. 
Augite was known to be a “ bisilicate of lime and magnesia in which 
part of the bases is replaced by protoxide of iron and part of the silica 
by alumina” ; hornblende was almost the same, “the analyses only 
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prove that augite usually contains more lime, less alumina, and no 
hydrofluoric acid, which is peculiar, though in minute proportions, to 
hornblende ” (Allan’s “ Mineralogy,” 1834, p. 149). Augite was made 
to include the minerals known as augite, diopside, baikalite, fassaite, 
coccolite, sahlite, and omphacite; hornblende included the species 
known as hornblende, actinolite, tremolite, asbestos, hedenbergite, and 
pargasite. 

Gustav Rose had proved that augite and hornblende may be re- 
ferred to the same crystal axes, and urged that they may therefore be 
regarded as the same mineral; it is true that they have a different 
cleavage angle, and that the faces that occur upon the one are not 
found upon the other, so that they present quite a different aspect, 
but they are sometimes found attached to one another in parallel 
positions ; further, Rose showed that when hornblende is fused, it re- 
crystallises as augite ; it was therefore supposed that the temperature 
at which the mineral was formed may have been sufficient to deter- 
mine whether it should ‘crystallise with the faces and cleavage of 
augite, or with the faces and cleavage of hornblende. 

Subsequently, Rose himself discovered that a mineral, to which the 
name uralite was given, possesses the faces of augite and the cleavage 
of hornblende, and is clearly augite which has been converted into 
hornblende. The balance of evidence, consequently, inclined again to 
a separation of these minerals into two distinct species. 

The chemical characters were very imperfectly known. Heinrich 
Rose had found the non-aluminous augites to be simple bisilicates, 
RSiO,, and therefore analogous in composition to the magnesia silicate 
hypersthene, whose cleavage is different, and to the lime silicate 
wollastonite whose angles are not those of augite. The non-aluminous 
hornblendes seemed from Bonsdorff’s analyses to have a different 
composition, the oxygen ratio of acid to base being more than 2:1; 
they might be regarded as mixtures of the bisilicate RSiO, with 
trisilicate R,Si,O,, but if so the relative proportions were not constant. 
Rammelsberg himself was inclined to believe the mineral to be an 
isomorphous mixture of these two silicates—rather an advanced view 
of isomorphism for that date. As for the aluminous augites and 
hornblendes, they were in hopeless confusion. 

It was in 1851 that Rammelsberg seriously grappled with this 
problem of the augite-hornblende group which had confronted him 
when he drew up his mirieral system in 1847. In the first edition of 
the “ Mineralchemie”’ in 1875, he was able to incorporate no less than 
15 analyses of augites and 15 analyses of hornblendes, made by 
himself. He had already pointed out that some hornblende undoubtedly 
has the composition of augite, and some augite undoubtedly has the 
composition of hornblende. He set himself to discover in particular 
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whether these minerals do not contain alkalis, whether the iron is 
ferrous or ferric, and to determine the exact proportions of magnesia 
and alumina which were at that time only separable with considerable 
difficulty. Not content with isolated analyses, he undertook a com- 
plete revision of the whole group. With the help of Gustav Rose and 
Krantz, the mineral dealer, he provided himself with the very best 
material of all the available species ; he measured the crystals, revised 
and recalculated the results of previous observers, and made careful 
analyses and determinations of the specific gravities, no less than 21 
analyses of augites and 24 of hornblendes being recorded. 

From the crystallographic point of view, he showed that the lime 
silicate wollastonite, the soda silicate xgirine, the lime iron silicate 
babingtonite, and the manganese silicate rhodonite all belong to the 
same group. 

From the chemical point of view, the minerals fall into four 
groups : 

A, containing neither Al nor Fe”. 

B, containing Fe”, but not Al. 

C, containing both Fe” and Al. 

D, containing Al, but not Fe”. 

Group A contains many augites, and also the light-coloured horn- 
blendes known as tremolite and actinolite. 

Pure tremolite is CaSiO, + 3MgSiO,. 

Pure diopside is CaSiO, + MgSiO,. 

Group B contains the following : 


Augites. Hornblendes. 
Acmite. Arfvedsonite. 
Aigirine 
Babingtonite. 


These are mixtures of R’SiO, with Fe,(SiO,), in varying proportions. 
Hence Fe,(SiO,), is isomorphous with R’SiO,, and therefore also group 
B is isomorphous with group A. This was a new conception, and, 
being reluctant at that time to accept Gerhardt’s viewconcerning the two 
modifications of iron, Rammelsberg was inclined to regard the relation 
as due to the dimorphism of the oxide, for Fe,O, is found both in a 
cubic and a hexagonal form among minerals. 

Group C.—Here the investigation involved great labour ; special 
care was required for the separation of aluminium, and the minerals 
were examined for alkalis and for fluorine. After the analysis of 
specimens from 15 localities, it was concluded that the alumin- 
iferous augites and hornblendes all contain both FeO and Fe,0,, and 
that all the aluminiferous hornblendes contain K and Na. In pre- 
vious analyses, the iron had all been reckoned as FeO. It might be 
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objected that there is no guarantee of the purity of these black, 
opaque minerals, but Rammelsberg insists that his specimens, although 
black, are transparent, and are shown by the microscope to be homo- 
geneous. In order to ascertain whether the alumina belongs to the 
electropositive or the electronegative constituents, he calculated in all 


the analyses the oxygen ratio for 

(1) RO+R,0, : SiO,,. 

(2) RO: R,O, + SiO,. 

(3) RO+ Fe,O, : SiO, + Al,Og, 
and finding the last alone to be constant and to have the same value for 
the augites and hornblendes in group OC, concluded (1) that augite and 
hornblende are shown by groups A and B to have the same compo- 
sition ; they must therefore have the same composition in C ; and hence 
(2) Al is an acid and Fe a basic constituent, and the augites and horn- 
blendes are all to be regarded as bisilicates and bialuminates. 

Group D contains only spodumene, a lithium sodium aluminium 
bisilicate in which the aluminium is basic. 

In a subsequent paper (1867), Rammelsberg gives up this inter- 
pretation and regards the alumina in both the augite and hornblende 
group as an accessory constituent, Al,O,, entering into isomorphous 
mixture with RSiO,. This idea may be traced to Bonsdorff ; it was 
supposed to be justified by the isomorphism of hematite, Fe,O,, with 
ilmenite, FeTiO,. 

The subsequent history of these minerals may be added, since it 
serves to illustrate two features of Rammelsberg’s character, his 
readiness during most of his long career to accept any view which 
appeared really better than his own, and the conservatism which only 
overtook him in old age. 

In 1871, Tschermak offered an explanation of the aluminiferous 
augites which was almost universally accepted ; their analyses were 
fully expressed by the formula mR,Si,O,+”RAI1,SiO,. Subsequently 
Scharizer offered an explanation of the aluminiferous hornblendes 
according to which they are mixtures of the mineral actinolite, 
CaMg,(SiO,),, with a known variety of hornblende having the con- 
stitution of a garnet, R,A1,(SiO,),, to which he gives the name 
syntagmite. Since the latter can be expressed as 3RSiO,,A1,0,, it is 
evident that all such mixtures will agree with Rammelsberg’s second 
hypothesis. 

In the second edition of his handbook (1875), Rammelsberg adheres 
to his old view, but in the Erginzungsheft (1886) he confesses that 
Al,O, can hardly be regarded as isomorphous with RSiO,, since Al,0, 
never has the form of augite, and accepts a more general form of 
Scharizer’s interpretation according to which both augites and horn- 
blendes are isomorphous mixtures of the molecules RSiO, and 
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R,Al(SiO,),, and laboriously calculates the various atomic ratios of 
56 analyses on this hypothesis. 

It is curious that in the second supplement, published in his 83rd 
year, he should return to his original view and regard A1,O; as iso- 
morphous with RSiO,. 

At the present time, Tschermak’s explanation is generally made the 
basis of any speculations upon the constitution of these minerals, but 
it must never be forgotten that the necessary facts were supplied by 
Rammelsberg’s analyses and by his discovery that they contain both 
Fe” and Fe”. 

In any case, whatever explanation be offered, the augite-hornblende 
group is one of those in which we are driven to accept the intermixture 
of two molecules having very different constitutions—quite as different 
as those suggested in other cases by Hermann, whose views are 
supposed to be long buried and forgotten. 

Felspars.—Another example in which such intermixture is perfectly 
well proved, and even universally accepted, is afforded by the felspar 
group. The minerals known as albite, oligoclase, labradorite, and anorth- 
ite had long been classed together as felspar in spite of differences in 
composition, but their chemical relations were never understood until 
Tschermak in 1864 showed that they are not well defined minerals, but 
pass into each other and that the whole series consists of isomorphous 
mixtures in varying proportions of the soda-felspar, albite, with the 
lime-felspar, anorthite. But Rammelsberg had already (in 1850) ex- 
pressed his conviction that the felspars are an isomorphous group, in 
spite of the prevalent view that they were distinct minerals. ‘One and 
the same type of geometrical form,” he says, “scarcely differing more 
than is usual in isomorphous substances, and a great similarity in all 
their physical properties unite these minerals which we call in general 
felspar, and it was only the chemist who found it necessary to separate 
them because he found that the different members, orthoclase and albite, 
oligoclase, labradorite and anorthite, cannot be treated as isomorphous 
by replacement of their individual constituents, but possess composi- 
tions which are stochiometrically different, the equivalents of the silica 
varying in the proportion 12:9:6:4. . . . The observation made upon 
tourmaline that silicates of different basicity united in different pro- 
portions are isomorphous, that is to say, have the same, or nearly the 
same, form, seems to be repeated in the most important and wide-spread 
minerals, felspar and mica.” 

When Tschermak proposed his theory, Rammelsberg, in spite of 
the opposition of Streng, vom Rath, and others, was the first to give 
it his warm and undivided support, and here he found a powerful ally in 
Bunsen. Every subsequent attack upon the theory has only resulted 
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in its confirmation by renewed analyses, so that at the present time 
there are no isomorphous mixtures which have been so fully studied, 
both chemically and physically, and so well established, as those of 
albite, NaAlSi,O,, and anorthite, CaA1,Si,O,. 

The reason why Rammelsberg was so quick to accept the felspar 
theory of Tschermak and so reluctant to accept his augite theory is 
easy to see. In the one case, the two constituents were known to 
exist, in the other case one of them was hypothetical, and no man 
was more averse to speculation than Rammelsberg. 

In 1872, he published a paper entitled “The Present State of our 
Knowledge of the Felspars,” in which he made an elaborate calculation 
of all the felspar analyses in order to ascertain how closely they 
agree with Tschermak’s formula. This was followed in 1884 by a 
paper on “Isomorphous Minerals which are not Chemically Analogous,” 
in which, after mentioning olivine, garnet, tourmaline, epidote, and 
idocrase as minerals whose constituents are analogous, the author 
admits that silicon, like molybdenum, tungsten, vanadium, &c., forms 
acids of different basicity ; among these, he prefers to accept only the 
simpler as independent, and regards the more complex as mixtures of 
these, for example, H,Mo,0,, as 2H,Mo,0,+H,Mo,0,,. Thus the 
only silicic acids of which it is necessary to assume the existence are 
H,Si,0, ; H,Si0,; H,Si0,; H,SiO, ; and H,Si0,. 

If a salt contains metals of different valencies, it is to be regarded 
as a mixture of molecules of the same basicity ; thus 


Anorthite, CaAI,Si,O, is Ca,Si0, + Al,(Si0,),. 
Albite NaAISi,O, is Na,Si,O, + Al,(Si,0,),. 


But we are driven to regard the salts of H,SiO, as capable of entering 
into isomorphous mixture with the salts of H,Si,O,. 

Whatever speculations have subsequently been entertained regarding 
the felspars and other silicates, I fear we must confess that mineral 
chemistry has not progressed much beyond this point: it is certain 
that the anorthic soda-lime-felspars are mixtures of albite and anorth- 
ite; it is equally certain that no explanation why they should form 
isomorphous mixtures is sufficiently complete to supply the clue to all 
the other complex silicates found in Nature. 

Towards the end of his life, Rammelsberg returned to the subject 
again ; one of his last papers, published in 1896, contains a number of 
fresh calculations made with the object of ascertaining which analyses 
conform to the theory and which deviate from it. 

Other Silicates—Rammelsberg’s memoir of 1884 is really inspired 
by his work on the minerals known as scapolite, chabazite, and 
phillipsite, which was published in the same year. Here again he 
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holds by the principle that we are not justified in assuming a mineral 
to be a mixture of two or more definite silicates unless we have inde- 
pendent evidence of their existence. 
Thus in tle scapolite group, according to him, sarcolite is 

(B’,R",),Al(Si0,),. 

Humboldtilite 

Meionite are mR’,SiO, + nR’,Si0,. 

Wernerite 

Marialite is mR’,Si0, + R’,Si,0,. 


Tschermak’s explanation of these minerals as a mixture of two 
hypothetical silicates he refuses to accept. 

Again, in the chabazite group, after an elaborate criticism of all 
the analyses which indicates that R”: Al,=1:1, he selects the three 
simplest formule : 

R’Al,Si,0,, + 5H,0 
R’A1,Si,0,, + 6H,O 
R’Al1,Si,O,,+ 7H,O 


and shows that all the analyses may be interpreted as mixtures of these 
three molecules. 
Similarly, in the phillipsite group, R”: Al,=1:1, and the minerals 


may be regarded as mixtures of : 


2R’Al,Si,0,. + 7H,O 
2R”Al,Si,O,, + 9H,0 
R’A1,Si,0,, + 6H,O 


The theory of Fresenius that the minerals of these two last groups 
can be represented by m(R”A1,Si,0, + 4H,O) + 2(R” Al,Si,0,, + 6H,O) 
appears to Rammelsberg a mere speculation, since although one of 
these silicates has the constitution of desmine the other is hypothetical. 
His views are best expressed in his own words: “ When shall we 
appreciate the fact that we do not yet know the cause of isomor- 
phism, and that equality of form and analogy of composition do not 
stand to one another in the relation of cause and effect. Nearly 
forty years ago, Hermann stated the following law :—in isomorphous 
compounds which are not analogous in composition, there are always 
two members at the ends of the series, and from their mixture in 
varying proportions all the remainder result. This he called Hetero- 
merism and endeavoured to establish his views in numerous papers. 
By the progress of mineral chemistry, the facts upon which this theory 
was based have been abundantly discredited, and it has never enjoyed 
the confidence of chemists because it rests upon hypotheses which 
cannot be tested by experiment. It was therefore a matter of the 
greatest scientific importance that Tschermak discovered the law of 
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mixture in the soda-lime-felspars, and it would be equally important 
to establish similar Jaws in other groups in which similarity of form 
is accompanied by difference in composition. But for this, it is neces- 
sary that the terminal members of the series should be reaily known, 
and that, as with the felspars, the composition of every mixture 
should by the atomic ratios of its elements supply a proof of the 
law.” 

Towards the end of his long life, it was perhaps natural that 
Rammelsberg should feel himself somewhat out of sympathy with the 
views of younger chemists. One of the fruitful conceptions in modern 
mineral chemistry has been that of the mutual replacement of hydr- 
oxyl and fluorine which has been brought forward by Penfield and 
established in the case of several minerals. The first of these was the 
lithium-aluminium phosphate, amblygonite, in which the proportion of 
water was found to vary between 1°75 and 6°61, and that of fluorine 
between 11°26 and 1-75. Penfield showed that in all the analyses 
P:Al:R:(F,OH)=1:1:1:1,s0 that if the water be calculated as 
hydroxyl replaceable by fluorine, the formula becomes quite simple. 
Wagnerite and triploidite were already recognised as isomorphous. 

In 1884, Rammelsberg expressed himself as follows on this view : 
‘‘The hypothetical atomic group hydroxyl, which plays a great part 
in modern chemistry, is now beginning to figure in the formule of 
minerals. Penfield having found in some amblygonites less fluorine 
and more water, regards all these as unaltered compounds in which 
HO replaces fluorine ; according to this, potassium fluoride and potash 
would be analogous compounds. I have already protested against this 
highly unchemical view.” 

Penfield hassubsequently confirmed his theory by analysesof herderite, 
hamlinite, topaz, and other minerals; it enabled him to give to topaz 
the beautifully simple formula Al,(F,OH),SiO,. But even with these 
before his eyes, Rammelsberg in the second supplement to his “ Mineral- 
chemie”’ (1895)repeats that the theory is ‘‘in hohem Grade unchemisch”; 

he persisted in regarding the water in topaz as merely due to incipient 
decomposition. 

It must be remarked that a very recent research by Fels, published 
in the present year, has failed to find any replacement of hydroxyl by 
halogen elements in the benzene derivatives. 

Professor Penfield, in writing to me about Rammelsberg as a mineral 
chemist, uses the following words : 


“ He was without question a man of great energy and enthusiasm, and he 
accomplished an enormous amount of work. When I studied Rammelsberg’s 
early tourmaline papers, I was impressed by the magnitude of the under- 
taking, and with the excellent character of the work. He made at the outset a 
mistake in deciding that tourmaline had no water, and in assuming that loss 


MIERS : RAMMELSBERG MEMORIAL LECTURE. 37 


on ignition was SiF,, and, having once made the mistake, he seemed never to 
be able to get his analyses into good shape. He revised the analyses from 
time to time, always changing some of the figures, and no man probably will 
ever be able to tell just what results Rammelsberg placed most confidence in. 
He practised a sort of chemical sleight-of-hand work with his results, moulding 
H,0 and F somewhat to suit his own ideas. I believe that his results, as 
modified by Foote and me in our paper on tourmaline, and founded on the 
assumption that the bases were probably determined with a good degree of 
accuracy, are fairer than any of Rammelsberg’s own modifications of his 
analyses. Although Rammelsberg could be very severe as a critic, he seemed 
to me to be a man of tender feeling. He took occasion to criticise me at one 
time, stating that my ideas concerning the composition of amblygonite were 
rein unchemisch. I am willing to admit that following the method adopted by 
Rammelsberg, and writing the composition of amblygonite Al,P,0,,2LiF with 
isomorphous Al,P,0,,2LiOH was somewhat unchemisch, although I did not 
intend to convey the idea that amblygonite contained a soluble neutral salt, 
LiF, and a soluble alkali, LiOH, any more than Rammelsberg intended to 
convey the idea that apatite contained soluble CaCl, when he wrote the com- 
position as 3Ca;P,0,,CaCl,. It certainly is a decided improvement to write 
amblygonite Li(AlF)PO, with isomorphous Li(Al,OH)PO,. On the subject of 
the isomorphism of fluorine and hydroxyl, he said that he could not bring 
himself to believe in it. To him, water in topaz, for example, would indicate 
partial decomposition.” 


Upon some groups of minerals he held quite peculiar views. The 
arsenic and antimony compounds of iron, nickel, and cobalt, he regarded 
as isomorphous mixtures of these elements, in fact as alloys; in one 
of his last papers (1897), he extends this view to the sulphur which 
these minerals contain, and explains the whole group either as mixtures 
RAS, or as mixtures of this molecule with RS, Other instances 
might be quoted in which his own interpretations of the analyses which 
he had made have not been generally accepted. 

If it was difficult to give a summary of Rammelsberg’s work in 
chemistry on account of the extent of his labours, in mineralogy it is 
quite impossible; to give a eatalogue of the minerals which he 
analysed would be to mention about two-thirds of the mineral king- 
dom ; they can be extracted from his handbook of mineral chemistry, 
which contains references to all of them. I have contented myself 
with mentioning a very few of the more important, and especially 
such as led to the discussion of general principles. Among those 
which I have been compelled to pass over are the memoirs on mica, 
on the borates, the tantalates and niobates, on epidote, idocrase, and 
a host of other large groups, not to mention tourmaline, which is now 
the subject of lively diseussion between Penfield, Clarke, Tschermak, 
and others. Rammeleberg published important memoirs on this sub- 
ject in 1850 and 1870, and returned to it in 1890. I believe that he was 
engaged upon another memoir on tourmaline at the time of his death, 
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It is noteworthy that in a science which has suffered terribly from 
the over-multiplication of names, Rammelsberg was entirely free from 
this infirmity of intellectual conceit, and probably added fewer mineral 
names to the literature in proportion to the work which he did than 
any other mineralogist. In order to emphasise this fact, a list of the 
new names which he introduced is subjoined : 


Antimonial arsenic. Gotthardite. 
Castillite. Heteromorphite. 
Chiviatite. Hydromagnocalcite. 
Chlorapatite. Magnoferrite. 
Crednerite. Pseudolibethenite. 
Cuprodescloizite. Sigterite. 
Epichlorite. Tachydriie. 
Fluorapatite. Waldheimite. 
Ginilsite. Xonotlite. 


Writing to Wolcott Gibbs in 1882, Rammelsberg complains that 
since the duties of the second professorship at the University had 
been added to his other occupations he had very little leisure for work ; 
but his ideas of work and leisure were not those of other men. How, 
among the numerous investigations to which I have already alluded, he 
found time for research in other subjects besides mineralogy, is 
hard to understand. There are yet two other important branches of 
his work which must not be overlooked. In Humboldt’s ‘‘ Cosmos,” he 
is alluded to as “a sagacious chemist who has recently devoted him- 
self uninterruptedly, and with equal activity and success, to the 
analysis of aerolites,” and numbers of his memoirs relate to the analysis 
of meteorites. Another considerable group of his published papers 
contain laborious rock analyses ; and in 1854 he had made for Hum- 
boldt an analysis of the trachyte of Chimborazo. A paper published 
in 1847 dealt with the inorganic materials contained in plants. Be- 
fore middle life, he had attained the reputation of being the most ex- 
perienced inorganic chemist in Europe. Among the letters which he 
received are to be found requests from Brooke, Miller, and Lettsom, 
in England, that he should analyse minerals which they had dis- 
covered ; from Schliemann, in Germany, that he should determine the 
composition of metals from Ilios ; from Lawrence Smith, in America, 
that he should introduce certain methods of silicate analysis into Ger- 
many; from Grailich, in Vienna, that he should supply him with 
crystals of the substances which he had analysed. Many of his papers 
were translated into other languages as soon as they appeared. 
Writing in 1852, James Dana says, ‘“‘ Your researches are to me 
always the highest authority.” And again, in 1876, Your ‘Handbuch’ 
gives me anew an exalted idea of the value of your labours for the 
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progress of mineralogical science. [ have carried forward my studies 
so much of the time with your book in hand that I feel as if I had 
always enjoyed your companionship and your personal aid, and I may 
add that it was this aid which made my work possible.” 

Senarmont, in 1855, cannot refrain from writing to the author of 
the ‘‘ Handbook of Crystallographic Chemistry,” although he does not 
know him personally, to express his appreciation of its great value, 
and his desire to assist Rammelsberg in these labours, in which, he is 
sure, Marignac joins him. 

Marignac himself, in 1881, referring to the second edition, writes, 
“ You have already rendered chemists a great service in your preced- 
ing work by giving them everything relating to the crystalline 
form of chemical compounds, but the service is still greater now that 
you have added a description of all the physical properties. This 
must have involved immense labour, and science will always owe you 
a debt of thanks.” 

In addition to his own treatises and memoirs, Rammelsberg pub- 
lished translations of Dumas’ “ Philosophie der Chimie,” of Percy’s 
“Metallurgy,” and of several papers, such as that of Berzelius on 
mineral classification, and of Scacchi on polysymmetry. 

It would be inconceivable that one man could accomplish all the 
work which I have now surveyed without assistance, even in a long 
lifetime, and many of the mineral analyses which issued from Ram- 
melsberg’s laboratory were made wholly or in part by his assistants. 
I find in his treatise on mineral chemistry the names of more than 
60 assistants or pupils mentioned as responsible for the analysis of 
as many minerals; his own analyses are, of course, far more 
numerous. This will serve to indicate the activity of his laboratory 
and at the same time, perhaps, the fact that his heart was always 
really more in the development of research than in the routine work 
of education ; in fact, I do not think that he ever undertook much of 
the personal supervision of the laboratory during the later part of 
his career. 

I have quoted Professor Liveing’s recollection of Rammelsberg as 
he was in the early prime of life. Dr. Liebert, who worked with 
him towards the end of his career as a teacher, tells me that the name 
of Rammelsberg always recalls to his mind the vision of a little man, 
with his head thrust half into the balance case, rapidly changing the 
weights with a quick, nervous action. All such operations he con- 
ducted with extraordinary rapidity. He was never without a cigar 
held in the corner of his mouth, and always encouraged his students 
to smoke in the laboratory. At that time he was still engaged in 
analytical work, although his hand shook so much that he used a 
silver wash-bottle for fear of breakage. Dr. Liebert says that he was 
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extraordinarily accurate in his lectures, and very rarely showed that 
absent-mindedness (Zerstreutheit) which is a proverbial failing of 
German professors ; he recalls only one occasion on which Rammelsberg 
lost his equilibrium. ‘ He was lecturing on the oxygen compounds 
of nitrogen. As usual, the demonstrator had prepared the different 
experiments beforehand. All went well until nitric oxide was 
reached; the Professor had stated that vividly burning bodies 
undergo further combustion when brought into contact with this gas, 
and proceeded to illustrate this by experiment. Having first intro- 
duced several heated metal wires which burnt with a vivid light, and 
having repeated the experiment with potassium and burning phos- 
phorus, he finally asked for sulphur, which he ignited and introduced 
into the gas. The flame was quickly extinguished. Rather irritated, 
he repeated the experiment—with the same result! Rammelsberg 
prided himself on his accuracy, and began to grow vexed at the 
repeated failure. With an angry glance at the demonstrator he 
demanded flowers of sulphur. ‘The result was the same. ‘This was 
too much for Rammelsberg’s patience; turning abruptly to the 
demonstrator, he said in an ‘undertone’ distinctly audible to all, 
‘ You have made a mistake ; this carelessness will not do,’ and turn- 
ing to his audience, apologised for the mistake which his demonstrator 
had made in preparing the wrong gas. 

“When the demonstrator repeated the process after the lecture, 
and compared what he had done with the notes of Remmelsberg’s 
handbook, he found the explanation of ‘his’ mistake. The state- 
ment in the notes was :—vividly burning bodies undergo further 
combustion in NO (examples enumerated); burning sulphur is ex- 
tinguished.” 

Among the many chemists or mineralogists who at different times 
worked with him are to be mentioned Liveing, Wolcott Gibbs, Groth, 
Max Bauer, Riidorff, Friedheim, Stahlschmidt, Philipp, and Schone. 

As a lecturer and teacher he was, according to the testimony of all 
his pupils, admirably lucid and thorough; but what seems to have 
impressed them most was his indomitable energy in research ; he 
would spare no trouble in repeating the experiments of others; he 
would-spend weeks, or even months, in ascertaining by practical ex- 
perience the best methods before entering on a difficult analysis ; he 
was supremely careful in obtaining the best possible mineral specimens 
for analysis; many of them he must have been obliged to purchase 
for himself at a considerable cost. Mineral chemistry has suffered 
much in the past from the fact that early analyses were made upon in- 
different material, and that there is usually no evidence to show 
exactly what was used for analysis. Rammelsberg’s analyses have 
never been doubted, his material was beyond reproach, and it 18 
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satisfactory to know that the original specimens which he employed 
are now in the Berlin Museum fur Naturkunde; I have little doubt 
that any further research which may ever be done upon these speci- 
mens will only tend to confirm the accuracy of his work, which was 
maintained until he became too old to carry out analysis at all. Even 
the very last of his published analyses, those of tourmaline, are quoted 
with high approval by Penfield, and were regarded by Rammelsberg 
himself as among his very best. 

His labours met with full recognition abroad, and he was an 
honorary member of more than thirty scientific societies. 

It only remains to mention the simple events of his life subsequent 
to the point at which it was left above, namely, the year 1874, when 
he was made ordinary Professor of inorganic chemistry in the Uni- 
versity of Berlin. In 1859, he had married his second wife, the 
daughter of the well-known naturalist, Chr. G. Ehrenberg ; by her he 
had two sons and one daughter, all of whom survive him. In 1883, he 
ceasg@d to be Professor at the Gewerbe-akademie (which was trans- 
terra as the Technische Hochschule to Charlottenburg), and was made 
Director of the newly-founded second chemical institute of the Uni- 
versity. There was much discussion concerning this appointment, to 
which Kopp might possibly have been elected, but it was felt that the 
director of a teaching laboratory ought to be pre-eminently a practical 
analyst, and no one had higher qualifications in this respect than Ram- 
melsberg. 

All his subsequent work was carried on in this laboratory, where 
his mineral analyses were continued uninterruptedly for nine years. 

In 1891, owing to failing eyesight, he retired from all the appoint- 
ments which he held, and resided quietly for the remainder of his life 
at Gross Lichterfelde, in the neighbourhood of Berlin, in a house 
which he had built adjoining that of his married daughter. 

In 1892, he underwent an operation which restored his vision, and 
he was able to devote himself for the next seven years to the recal- 
culation of mineral formule and the writing of the second supplement 
to his “ Mineralchemie ; ” in this he was aided by the care of his loving 
wife, to whom he dictated much of his latest work. The evening of 
the old man’s life was a happy and peaceful close to an honourable and 
active career ; his ambitions were realised ; his family was settled in life ; 
his faculties were unimpaired. Even now, although he was troubled 
by frequent headache, the veteran chemist was never idle, but when 
lying on the couch in his library would call his wife from the next 
room and dictate to her the thoughts which entered his mind. 

Professor Penfield, one of the leading representatives of the modern 
school, has told me of a visit which he paid to Rammelsberg in his 
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old age, when he had begun to feel himself out of touch with the 
younger school of mineral chemists, It was an interesting occasion 
for both, and to my mind it marks a chapter in the history of 
mineralogy : the termination of the old rigid reading of isomorphism 
and the introduction of wider views concerning replacement which 
are destined to simplify the interpretation of mineral analyses. 
Professor Penfield writes: ‘‘It was in the summer of 1894 that I 
saw him, when he was 81 years old. He was living a very quiet 
life at Gross Lichterfelde, near Berlin, and his home seemed to be 
an ideal one for an elderly man. He.was at that time still engaged 
in scientific work, although he was not strong enough to do very 
much. He presented me, for example, with a copy of one of his 
recent articles, in which he criticised my views concerning the 
chemical composition of staurolite, and he showed me the manuscript 
for the completion of his “ Mineralchemie,’’ which was printed one or 
two years later. I especially enjoyed hearing him tell of Berzelius, 
the Roses, and men of that generation, for he knew them well and 
appreciated their qualities. . . . He said that it was a keen pleasure 
for him to differ from others; it added a certain spice and zest to 
life to have and hold scientific opinions at variance to those of 
others. He certainly was a most friendly and genial old gentleman.” 

It is pleasant to think of the old man softened in character but 
still retaining the fierce love of battle and adhering doggedly to his 
views. 

Those who knew him towards the close of his life were most im- 
pressed by his extraordinary juvenility ; he possessed a power of 


work, a keenness of debate, and a freshness of memory which few. 


retain at such advanced years. His power of concentration enabled 
him to work undisturbed and rapidly among any distractions. Even 
when he was an old man, the presence of his little grandchildren was 
no hindrance to him while writing. 

His interest was throughout his life so centred in his scientific work 
that he had few relaxations, and did not take much interest in general 
literature ; books of travel were his chief delight. He possessed an 
extraordinarily retentive memory, and astonished his friends by his 
knowledge of the facts of history and geography; his acquaintance 
with modern languages was extensive. 

In early life he travelled a good deal during his vacations, but always 
made the best use of his time for scientific purposes, studying the 
geology of the countries in which he stayed, and collecting minerals 
for analysis. One of his early journeys was to Sweden (1844), and 
for the purpose of visiting Berzelius; another (1867) was a geological 
tour in Auvergne, in company with the well-known mineralogist, 
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Professor Sadebeck ; he was twice sent to Paris (1855 and 1867) by 
the Government to act as a representative at international exhibitions. 
Only in later life were his journeys made as pleasure trips. 

His keenness of memory and juvenility of mind remained to the 
end of his life, and he found great pleasure in recounting reminiscences 
of his travels and of the men whom he had known. Writing to 
Wolcott Gibbs in 1893, he says, “I have left my 80th year behind, 
and have for the last two years given up all educational work. 
Except, however, for the weakness of old age, I feel myself to be 
active both in mind and body.” 

It was not till he had attained the age of 86 that the peaceful 
and industrious evening of his life was brought toa close. He had 
never completely recovered from an aitack of influenza which had 
prostrated him a few years previously ; in the winter of 1899 he was 
thrown back by an attack of bronchial catarrh, and on the 28th of 
December sank to final rest from his labours after a life of unexampled 
industry. 

His character recalls irresistibly the spirit of Browning’s gram- 
marian : 


“He knew the signal and stepped on with pride 
Over men’s pity, 
Left play for work and grappled with the world 
Bent on escaping. 
‘ What’s in the scroll,’ quoth he, ‘thou keepest furled ?’” 


The great men of genius when they die leave the example of a life 
which all can admire but to which few can attain; the men of great 
talent, like Rammelsberg, who make unceasing use of their powers, 
and by a life of industry contribute, perhaps, equally to the increase 
of knowledge, leave an equally valuable legacy, an example that all 
can emulate. 


L—2:3:5-Trichlorobenzoic Acid. 


By Francis Epwarp MatTrHews. 


In a paper on the hexachlorides of benzonitrile, benzamide, and 
benzoic acid, it was stated that alcoholic soda acted on the nitrile in 
two stages, the first being the removal of three molecular proportions 
of hydrogen chloride, with the production of trichlorobenzonitrile, and 
the second the hydrolysis of the cyano-group, with the formation of a 
mixture of sodium trichlorobenzoates. On repeating this work ona 
larger scale, it was found that, by the continued fractional crystallisa- 
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tion of the barium salts of the mixed acids, a new trichlorobenzoic 
acid could be isolated in a state of purity. 

The process had to be carried out on a considerable scale to obtain 
a satisfactory result, and the yield of the pure acid left much to be 
desired. Shortly afterwards, it was found that by the action of quino- 
line on the nitrile, the nitrile of the same trichlorobenzoic acid could 
be obtained almost quantitatively, and this proving to be readily 
volatile with steam, was easily purified. 

Of the six theoretically possible trichlorobenzoic acids, four have 
already been obtained, the missing ones being : 


CO,H CO,H 
oi” nm of Y 
ma fm Ol 
As the acid obtained from the nitrile did not agree in its properties 
with any of those previously described, the new acid must have one of 
the formule given above. It was therefore thought worth while to 
subject it to a complete investigation, with a view of determining its 
constitution, and also of preparing derivatives by which it could after- 
wards be readily identified. 

Early in the research, the position of the chlorine atoms relatively 
to one another was readily shown to be 1:2:4, but as both formule 
conform in this respect, the position of the carboxyl group was still 
uncertain, and many attempts were made to determine its position by 
preparing nitro- and other derivatives of the acid, but no definite 
evidence was thereby obtained. The position of the carboxyl group 
was finally fixed by a process of elimination. In formula II, both 
ortho-positions relatively to the carboxyl group are replaced by 
chlorine, and as Victor Meyer and his pupils have shown in similar 
cases, the acid thus constituted should not be capable of esterification 
by the action of hydrogen chloride and alcohol. As the new acid is 
found to yield an ester readily under ‘these conditions, it follows that 
formula II is inadmissible, and that the substance is 2 : 3 : 5-trichloro- 
benzoic acid. 


EXPERIMENTAL. 
Benzonitrile Hexachloride and Alcoholic Soda. 


Benzonitrile hexachloride was warmed with excess of alcoholic 
sodium hydroxide. The alkali first removes three molecular propor- 
tions of hydrogen chloride, the hydrolysis of the cyano-group taking 
place subsequently when the solution is boiled. On completion of the 
reaction, and when no further evolution of ammonia was observed, the 
mixture was treated with excess of hydrochloric acid, and the precipi- 
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tated acids, after thorough washing, were converted into the barium 
salts by boiling with water and excess of barium carbonate. 

On fractional crystallisation, the barium compound was found to be 
a mixture, and, with some difficulty, a nearly pure barium salt was 
obtained, which gave the following figures on analysis : 


0°3140 gave 0°0269 H,0 and 0°1144 BaSO,. H,O=8-56; Ba = 21°42. 
C,,H,0,C],Ba,3H,O requires H,O=8-44 ; Ba= 21-42 per cent. 


The acid obtained from this salt melted at 156°. It was afterwards 
found that neither it nor the barium salt was quite pure, and as a 
much better process for the preparation of the acid was found, the 
decomposition of the nitrile by means of sodium hydroxide was 
abandoned. 


Benzonitrile Hexachloride and Quinoline. Preparation of 2:3:5-Tri- 
chlorobenzonitrile. 


The removal of three molecular proportions of hydrogen chloride 
from benzonitrile hexachloride can be more conveniently effected by 
interaction with quinoline than with sodium hydroxide, and as the 
trichlorobenzonitrile is volatile with steam, it is easily obtained in a 
pure condition. The method by which the preparation was carried out 


is as follows. 

Ten grams of benzonitrile hexachloride are placed in a 30—40 oz. 
fractionating flask, and treated with quinoline in slight excess. No 
reaction takes place in the cold, but on warming, the nitrile dissolves, 
and decomposition occurs, indicated by the change in colour of the 
solution. The reaction, once started, proceeds without any further 
application of heat, although towards the close it may be advisable to 
heat slightly in order to complete it. The solid mixture, when cool, 
is treated with slight excess of dilute sulphuric acid and subjected to 
distillation with steam, the almost colourless solid trichlorobenzonitrile 
distilling over readily. After recrystallisation from alcohol, the tri- 
chlorobenzonitrile was analysed, with the following result : 


0:1026 gave 0°2141 AgCl. Cl=51°62 
C,H,;NCl, requires Cl=51-'57 per cent. 


2:3:5-Trichlorobenzonitrile crystallises from aqueous alcohol 
(50—60 per cent.) in beautiful, long, white, lustrous needles which 
melt sharply at 87°. It has a most nauseating odour, is readily 
volatile with the vapour of water or alcohol, dissolves easily in all 
the ordinary organic solvents, and is readily hydrolysed by alcoholic 
alkali hydroxides, forming a salt of the corresponding benzoic acid. 
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2:3:5-Trichlorobensoic acid. 


The acid can be obtained by precipitation of a solution of the potass- 
ium or sodium salt with a mineral acid, and may be purified either by 
recrystallisation from water or by conversion into the barium salt. It 
crystallises from hot}water in small, colourless needles. In cold water, 
it is practically insoluble. It melts at 163° without decomposition. 
It is very soluble in most ordinary organic solvents, but large crystals 
have not been obtained from any solution. It does not volatilise with 
steam. On analysis, the following figures were obtained : 


0°3464 gave 0°6606 AgCl. Cl=47°18. 
02436 ,, 04642 AgCl. Cl=47°14. 
C,H,O,Cl, requires Cl = 47°23 per cent. 


In order to determine the position of the chlorine atoms, an attempt 
was made to remove carbon dioxide from the acid by means of caustic 
baryta. On heating together 2 grams of the pure acid with excess of 
baryta, a very violent reaction resulted in the loss of all the material 
employed. A more successful result was attained in the following 
manner. Two grams of acid were heated in a sealed tube with sul- 
phuric acid (75 per cent.) for 24 hours at 300°. On opening the tube 


there was a considerable pressure of gas and a good deal of charring 
had taken place, but on the surface of the almost black sulphuric acid 
a nearly colourless layer of oil was floating. This was extracted with 
ether and the ether distilled off, an oil being left which had the odour 
of trichlorobenzene and remained liquid on standing. To prove its 
constitution, it was nitrated and the solid nitro-compound obtained, 
after purification, melted at 58—59°. The oil, therefore, was 1: 2:4 
trichlorobenzene, and the position of the chlorine atoms, relatively 
to one another in the original acid, was thus fixed. 

The barium salt, (C;H,Cl,*CO,),Ba,3H,O, is readily prepared in the 
pure state by boiling together in water a mixture of the acid and excess 
of barium carbonate until no further action takes place. On filtering 
off the excess of barium carbonate and concentrating the solution, the 
barium salt crystallises out in very characteristic lustrous thin plates. 
The appearance of the crystals is much altered by the presence of even 
very small quantities of other substances, Thé salt is readily soluble 
in hot water but only sparingly so in cold, being much less soluble 
than the corresponding strontium and calcium salts; it is therefore 
the best salt to select for purifying the acid. On analysis: 


0°4245 gave 0°0353 H,O and 0°1547 BaSO,. H,O=8°32 ; Ba= 21°58. 
C,,H,0,Cl,Ba,3H,O requires H,O= 8-44 ; Ba = 21°42 per cent. 


The strontium salt, (C,H,Cl,-CO,),Sr,sH,O, is prepared similarly 


MATTHEWS: 2:3:5-TRICHLOROBENZOIC ACID. 47 


to the barium salt. It crystallises in fine colourless prisms. On 
analysis : 


0°4351 gave 0°0401 H,O and 0°1339 SrSO,. H,O=9°22; Sr=14°68. 
C,,H,0,C1,Sr,3H,O requires H,O = 9°15 ; Sr = 14°82 per cent. 


The calcium salt, (C,H,Cl,*CO,),Ca,4H,O, prepared similarly to the 
barium salt, crystallises from water in beautiful, lustrous needles. On 
analysis : 


0:1831 gave 00234 H,O and 0°0439 CaSO,. H,O=12°78 ; Ca=7-05. 
C,,H,0,Cl,Ca,4H,O requires H,O = 12°65 ; Ca=7°'13 per cent. 


The silver salt, C,H,Cl,-CO,Ag, is prepared by the double decom- 
position of a hot solution of any of the above salts with silver nitrate, 
and crystallises in rosettes of needles. It is anhydrous and almost 
insoluble in cold water, but dissolves slightly on heating. On 
analysis : 


0:2199 gave 0°0940 AgCl. Ag=32°17. 
C,H,0,Cl,Ag requires Ag = 32°50 per cent. 


The low result is due to the difficulty of completely decomposing the 
salt with hot strong hydrochloric acid. The salt is not sufficiently 
soluble in hot water to obtain a solution from which the silver can be 
precipitated. 

The chloride, C,H,Cl,-COCI, was obtained by the action of excess 
of phosphorus pentachloride on the acid. After the action ceased, the 
mixture was thrown into cold water, when an oil separated which very 
soon solidified ; this was dried and then dissolved in hot benzene. On 
evaporation, an oil was again left which crystallised when cold, and 
melted at 36°. This was again crystallised by spontaneous evaporation 
from a solution in ethyl acetate and the crystals thus obtained also 
melted at 36°. On analysis : 


01440 gave 0°3380 AgCl. Cl=58-06. 
C,H,OCI, requires Cl = 58:19 per cent. 


The amide, CsH,Cl,-CO-NH,, prepared by the action of ammonium 
carbonate on the acid chloride, crystallised from hot dilute acetic acid 
in small needles melting at 204—205°. 

The same substance has also been obtained by the action of quinoline 
upon the hexachloride of benzamide. This reaction does not yield a 
single product, as the amide obtained has to be recrystallised several 
times before the melting point above mentioned is reached. The puri- 
fied amide from this source was hydrolysed, and the acid thus obtained 
was compared, by means of its salts, with the acid prepared from tri- 
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chlorobenzonitrile, when the identity of the two was established. On 
analysis : 


0:1037 gave 0:1973 AgCl. Cl=47:07. 
C,H,ONCI, requires Cl= 47°43 per cent. 


Trichloronitrobenzoic Acid, NO,*C,HCl,*CO,H. 


Trichlorobenzoic acid is readily nitrated. The acid dissolves at once 
in fuming nitric acid on warming. On allowing the mixture to stand 
at a temperature of about 60° for some hours and then diluting with 
water, a yellowish oil separates which soon crystallises. This acid, on 
recrystallisation from alcohol, melts sharply at 158°. The fact that it 
is a mononitro-acid was ascertained by the preparation and analysis of 
its barium salt. Some of the acid was boiled with hot water, under 
which it fused, and excess of barium carbonate was added ; the acid 
dissolved gradually and, after filtration and evaporation, a barium salt 
was obtained which crystallised in yellowish, flat needles having a silky 
lustre. On analysis : 

0°3322 gave 0:0423 H,O and 0:0980 BaSO,. H,O= 12-73; Ba = 17°35: 

05522 ,, 0°0657H,O. H,O=11°89. 

C,,H,O,N,Cl,Ba,5H,O requires H,O=11°75 ; Ba=17°8 per cent. 


The want of sharpness in these figures is probably caused by the 
presence of a small amount of the barium salt of a dinitro-acid. 

On losing. its water of crystallisation, the substance becomes bright 
yellow in colour. 

Many unsuccessful attempts were made to remove carbon dioxide 
from the acid and from the barium salt in order to obtain the corre 
sponding trichloronitrobenzene, and thus throw light upon the consti’ 
tution of both the trichlorobenzoic acid and its nitro-derivative. Heat- 
ing with lime or baryta gave too vigorous a reaction, and decomposition 
in a sealed tube at 250—300° with 75 per cent. sulphuric acid gave 
chiefly tarry substances, although in one experiment a very small 
amount of a crystalline substance was isolated. It could not be 
identified, however, as the present literature of the trichloronitro- 
benzenes is far from complete. 

A dinitro-acid is also produced by the action of a mixture of strong 
sulphuric and nitric acids on the mononitro-acid. It gave a barium 
salt which crystallised from water in canary-yellow, nodular masses. 
As no definite evidence as to constitution was obtained by its 
means, it was not further investigated. 

Attempts were also made to reduce the mononitro-acid to the corre 
sponding amino-derivative. With sodium amalgam, an acid was ob 
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tained which crystallised from alcohol in colourless needles, melted 
sharply at 228°, and gave a bright grass-green copper salt on precipi- 
tating its solution with cupric acetate. 

As, however, in the meantime, definite evidence of the constitu- 
tion of the trichlorobenzoic acid was obtained by another method, 
the investigation of these compounds was not carried further. 

Ethyl Trichlorobenzoate.—Since the trichlorobenzoic acid must have 
one of the formule previously mentioned, an attempt was made to 
esterify it by means of hydrogen chloride and aleohol. Two grams 
of the pure acid were dissolved in absolute alcohol and the mixture 
was saturated with hydrogen chloride and allowed to stand over- 
night. On the addition of water, an oil was precipitated which 
smelt like ethyl benzoate, but less powerfully; this was washed 
with sodium carbonate solution and water and thoroughly dried 
but after standing for one month did not crystallise. It volatilised 
with steam fairly readily, but after purification in this way still 
remained liquid. On analysis: 


0°2132 gave 0°3611 AgCl. Cl=41°90. 
C,H,0,Cl, requires Cl = 42-01 per cent. 


This result agrees well with that required for ethyl trichloro- 
benzoate, and on this evidence the constitution of the trichloro- 
benzoic acid (CO,H : Cl, =1: 2:3: 5) is considered to be proved. 


THE Roya INDIAN ENGINEERING COLLEGE, 
Coopers HIt1. 


Il.—The Nitration of Benzeneazosalicylic Acid. 


By J. T. Hewirt and J. J. Fox. 


ALTHOUGH nitro-derivatives of benzeneazosalicylic acid have already 
been described, the compounds have been produced by coupling a 
diazotised nitraniline with salicylic acid, and hence contained the 
nitro-group in the benzene nucleus. By this process, Meldola (Trans., 
1885, 47, 666) obtained p-nitrobenzeneazosalicylic acid, and Gebek the 
corresponding meta-derivative (Annalen, 1888, 251, 188). Isomeric com- 
pounds containing a nitro-group in the salicylic acid residue have not 
hitherto been described, although from the results obtained on submit- 
ting benzeneazophenol to the action of warm dilute nitric acid (Trans., 
1900, '77, 99) it appeared very probable that a benzeneazo-o-nitro- 
salicylic acid should be formed by a similar nitration of benzeneazosali- 
cylic acid. As a matter of fact, benzeneazosalicylic acid furnishes 
VOL, LXXIX, E 
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a nitro-derivative different from any of the nitrobenzeneazosalicylic 
acids, and the compound produced was found to be identical with a 
synthetical benzeneazonitrosalicylic acid, in which the nitro-group 
stood in the ortho-position relatively to the hydroxyl group. On the 
other hand, benzeneazosalicylic acid nitrated in concentrated sulphuric 
acid solution furnished p-nitrobenzeneazosalicylic acid, the reaction 
therefore being quite analogous to that observed by Noelting (Ber., 
1887, 20, 2997) in the case of benzeneazophenol. This observation 
furnishes an indirect proof that even the azosalicylic acids are con- 
verted into quinonehydrazones by strong acids, although no salts with 
such acids have been isolated. 


CO,H 
Benzeneazo-o-nitrosalicylic Acid, C,H,°N: “NX oH 


Ten grams of benzeneazosalicylic acid were made into a ona with 
45 c.c. of water and 20 c.c. of nitric acid (sp. gr. 1:36), and warmed 
gently to 65—70°. The thermometer suddenly rose to about 85°, 
nitrous fumes were evolved, and a reddish, pasty mass resulted. This 
was quickly poured into water, cooled, and the flocculent precipitate 
collected and washed free from nitric acid with cold water. The sub- 
stance, after drying, was usually found to weigh 5} to 6 grams, and to 
melt between 160° and 170°. After two recrystallisations from dilute 
alcohol, a substance melting constantly at 197°* was obtained. 

The substance separates in clusters of small, yellowish-red needles ; 
it is easily soluble in alcohol, acetone, or glacial acetic acid, whilst it is 
also fairly easily soluble in boiling water. The solubility in hydrocarbon 
solvents is, however, slight. On analysis, results were obtained show- 
ing that the substance, crystallised from dilute alcohol and air dried, 
contains one molecular proportion of water of crystallisation. 


0°8456 lost 0°0498 on drying at 110°. H,O=5-88. 
0:1100 gave 13°2 c.c. moist nitrogen at 19° and 756 mm. N = 13°72. 
C,,H,O,N,,H,O requires H,O=5-90 ; N=13°80 per cent. 

The dried substance was also analysed : 

00807 gave 0°1619 CO, and 0°0225 H,O. C=54:'72; H=3-12. 

01112 ,, 155 c.c. moist nitrogen at 23° and 746mm. N=1531. 

C,,H,O,N, requires C= 54°32 ; H=3°16 ; N=14°66 per cent. 

In order to determine the constitution of the substance, various un- 
successful attempts were made to remove the carboxyl group. It was 
thought that prolonged heating with acetic anhydride might effect the 


* This melting point as well as the others given in this paper are not corrected 
for the apparent coefficient of expansion of mercury. 
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elimination of carbon dioxide, whilst the hydroxyl group would be 
acetylated at the same time. Instead of this, the carboxyl group was 
found to be very firmly attached, and this and the nitro-group being 
both in ortho-positions relatively to the hydroxyl, protected the latter 
from acetylation. Heating in a reflux apparatus with benzoyl chloride 
led to the production of tarry substances, from which no crystalline 
matter could be isolated. The process of heating the barium salt 
with an excess of caustic baryta was alsoa failure, explosion regularly 
occurring as soon as a temperature of 155° was reached. 

The substance had of necessity to be compared with a synthetical 
product obtained by coupling phenyldiazonium chloride with an 
alkaline solution of nitrosalicylic acid, [CO,H :OH :NO,=1:2:3]. 
The latter compound was obtained by nitration of salicylic acid in an 
acetic acid solution, and separated from the 1:2 :5-isomeride by 
Hiibner’s method (Annalen, 1879, 195, 6), which depends on the 
sparing solubility of the barium salt of the 1:2: 3-compound, 
The purity of the nitrosalicylic acid was checked by the melting 
point. 

In coupling the nitrosalicylic acid with diazonium compounds, the 
same difficulty is experienced as in the case of o-nitrophenol, reaction 
taking place slowly and incompletely. Since the diazonium salt yields 
decomposition products difficult of removal, it is as well to use the 
nitrosalicylic acid in slight excess, The process consists in adding a 
well-cooled solution of phenyldiazonium chloride to an alkaline solution 
of nitrosalicylic acid, and allowing the interaction to proceed for 
three days in a cool place; the solution is then filtered from de- 
posited matter and acidified. The precipitate contains the desired 
azo-compound mixed with a considerable excess of nitrosalicylic acid. 
To effect a separation, the mixed acids are dissolved in hot dilute 
ammonia solution and ammonium and barium chlorides added. Barium 
o-nitrosalicylate, although easily soluble in boiling water, is very spar- 
ingly soluble in the cold, whilst the barium salt of the azo-acid dissolves 
very slightly even in boiling water. The precipitate obtained con- 
sists essentially, therefore, of barium benzeneazo-o-nitrosalicylate, and 
if the acid is liberated from the salt and the process of purification by 
means of the barium salts repeated, it is obtained in such a condition 
that when mixed with the product of direct nitration no depression of 
melting point is observed. 

In addition to this direct proof of the constitution of the azo-acid, 
it may be mentioned that by reduction of an alkaline solution 
with hydrogen sulphide, aniline as one of the fission products 
may be detected with the greatest certainty by the ordinary reactions 
(volatility with steam, isonitrile reaction, bleaching powder test, and 
production of tribromoaniline). We have been unable to isolate the 
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diaminosalicylic acid, which must form the other fission product, on 
account of its ready oxidisability. 

Benzeneazo-o-nitrosalicylic acid dissolves in concentrated sulphuric 
acid with a far yellower shade than benzeneazosalicylic acid ; possibly 
the nitro- and carboxyl groups in the ortho-position relatively to the 
hydroxyl exert a sufficient attraction on the hydrogen of the 
hydroxyl to prevent isomerisation of the compound to the quinone- 
hydrazone form. ‘This subject will, it is hoped, be further examined ; 
if it were found that nitration in concentrated sulphuric acid solu- 
tion led to the production of p-nitrobenzeneazo-o-nitrosalicylic acid, 
it would at least be rendered probable that isomerisation had taken 
place. 

A solution of the acid in ammonia or fixed alkalis is red in colour, 
The ammonium salt was found to furnish the following precipi- 
tates: 

Silver Nitrate.—Concentrated solutions give an orange precipitate 
somewhat soluble in water and easily soluble in ammonia. 

Lead Acetate.—Yellowish-red precipitate insoluble in hot water. 

Mercuric Chloride.—A. yellow precipitate, somewhat soluble in a 
large quantity of water. 

Stannous Chloride.—A yellow precipitate even in dilute solutions. 
This dissolves on warming, and does not appear to come down again 
on cooling. Excess of sodium hydroxide gives a deep red solution 
turned to a light red shade by excess of dilute hydrochloric 
acid, 


Ferrous Sulphate.—A chocolate-coloured precipitate, turning greenish- 


brown on warming. ‘The liquid becomes at the same time deep 


red. 
Ferric Chioride.—A dark red solution and precipitate. 


Cobalt Nitrate.—A yellow precipitate soluble in hot water. 
Nickel Sulphate.—A dirty yellow precipitate soluble in hot water. 
Magnesium Chiloride.— An orange precipitate slightly soluble in hot 


water. 
Barium and Calcium Chlorides.—Orange precipitates, soluble in a 


large quantity of boiling water. 

Dyeing experiments were also made. Wool mordanted with iron 
gives a rich brown, with alumina a bright yellow, and with potassium 
dichromate, a dull yellow shade. 

The methyl ester was prepared from 2 grams of the acid, 10—12 
grams of methyl alcohol, and 1 cc. of sulphuric acid. The mixture 
was warmed in a reflux apparatus for 5 hours, poured into water after 
the greater portion of the aleohol had been distilled off, and the pre- 
cipitate collected, washed, and recrystallised from spirit. The substance 
forms small, brown needles melting at 132—134°. 
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0:0827 gave 0°1675 CO, and 0:0294 H,O. C=55:23; H=3°95. 
01080 ,, 12°6c.c. moist nitrogen at 18° and 760 mm. N=13°48. 
01094 ,, 13:2 c.. - ms 18° ,, 759mm. N=13°92. 
C,,H,,0;N, requires C=55:77 ; H=3°68 ; N=13-96 per cent. 
The ethyl ester was prepared in a similar manner from the acid, sul- 
phuric acid, and 95 per cent. ethyl alcohol. It forms very small, 
yellow needles melting at 128—129°. 


0°1290 gave 14°7 c.c. moist nitrogen at 22° and760 mm. N=12°91. 
C,;H,,0;N, requires N = 13°33 per cent. 


p-Nitrobenzeneazosalicylic acid has already been described by 
Meldola (Trans., 1885, 47, 666). It may be obtained by gradually 
adding 21 grams of powdered potassium nitrate, in small portions at 
a time, to a solution of 5 grams of benzeneazosalicylic acid in 100 c.c. 
of concentrated sulphuric acid. Care should be taken that the tem- 
perature does not rise above 20° during the operation ; the mixture 
is then allowed to stand in the cold for 48 hours, after which it is 
poured into a large volume of water, collected, washed free from acid, 
and dried. The substance is already practically pure and the yield 
nearly theoretical. On recrystallisation, it was obtained as brilliant 
red needles. Meldola states that the melting point of the substance 
cannot be observed on account of blackening taking place above 225°. 
Our specimen, as well as one obtained from diazotised p-nitraniline 
and salicylic acid, did not blacken until a considerably higher tem- 
perature was reached, and by immersing the melting point tubes in 
sulphuric acid previously heated to 245—250°, both specimens were 
observed to melt at 253—254° (uncorr.), decomposition and blackening 
then taking place. The two preparations when mixed showed no de- 
pression of melting point. On analysis: 

0°1124 gave 14:7 c.c. moist nitrogen at 16° and 750 mm. N=15-04. 

C,,H,O,;N, requires N = 14°66 per cent. 

The ethyl ester of this acid was prepared from both specimens in the 
usual manner. Lach preparation melted at 220—225°, a certain 
amount of decomposition taking place. 


01165 gave 14:3 c.c. moist nitrogen at 23° and 759 mm. N=13°82. 
C,;H,,0,N, requires N = 13°33 per cent. 


Both the m- and p-nitroberizeneazosalicylic acids resist the action of 
dilute nitric acid to a greater degree than the unsubstituted acid. At- 
tempts at nitration, even at 100°, led to the recovery of nearly the 
whole of the original acids in an unchanged condition. 
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ITI.—Oaidation of Benzalthiosemicarbazone. 
By George Youne, Ph.D., and Witu1am Eyre, B.Sc. 


Ir has been shown by Marckwald (Ber., 1892, 25, 3098; 1899, 32, 
1081) that certain thiosemicarbazides, for example, 


O,H,NH-N:0(SH):NH,, 


exist in two forms, of which the labile modification when treated with 
phosgene yields a mercaptotriazole, whilst the stable form with the 
same reagent yields an aminothiodiazolone. This difference, Marck- 
wald ascribes to stereoisomerism, thus : 


N—C-SH N 
oH, WH NH, — CoHsN O-NH>C'SH. 
N——C:NH, N 
OH, NH SH | Ces'N<go.g>O-NHe 


Young and Witham having found that benzalsemicarbazone could 
be oxidised by ferric chloride to phenylhydroxytriazole (Trans., 1900, 
77, 224), 


C,H, CH:N-NH-CO-NH, — 0,H,0<*'N#>c.0n, 


we thought it might be of interest to apply the same reaction to 
benzalthiosemicarbazone in order to determine, if possible, whether 
this compound would act as a mixture, or as one or the other of the two 
possible stereoisomeric forms : 
eN-——Na,_,,, PO ee 

L OHsC<y yg CNA. IL. C,H;-C<jy H.N>e SH. 

The substance represented by formula I would yield an amino- 
phenylthiodiazole, III, whilst that represented by II would yield a 
phenylmercaptotriazole, IV. 


Ill. 0,8,-0<5'NSo-nu,. IV. OH, 0<N SS0-8H. 


The oxidation of benzalthiosemicarbazone by ferric chloride takes 
place much more easily than that of benzalsemicarbazone ; the latter 
requires to be heated with an alcoholic solution of ferric chloride in 
sealed tubes at 130—140°, whereas the thio-compound is oxidised by 
aqueous ferric chloride between 70° and 80°. The product consists 
almost entirely of the hydrochloride of a base which has the 
properties to be expected of an aminothiodiazole. In one or two ex- 
periments, there was also obtained a trace of a substance of high 
melting point and soluble in alkali, which may have been the mer- 
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captotriazole, but the quantity obtained was too small to admit of 
purification. Benzalthiosemicarbazone reacts, therefore, with ferric 
chloride almost, if not entirely, as if it had the constitution represented 
by formula I. Changes in the conditions under which the oxidation 
took place produced no effect on the nature of the product. 

We endeavoured, but without success, to obtain a second form of 
benzalthiosemicarbazone. r 

Our results being negative do not preclude the possibility of a 
second form, but, on the other hand, the substance may be tautomeric, 
and might, with another oxidising agent, yield the mercaptotriazole 
in the same manner as, according to Marckwald and Bott (Ber., 1896, 
29, 2914), benzoyl-4-phenylthiosemicarbazide yields phenylamino- 
phenylthiodiazole when treated with acetyl chloride, but diphenylmer- 
captotriazole when acted on by excess of benzoyl chloride, or when 
heated above its melting point, 

0,H, 0<a SS0-NH-0,H,, 
C,H,"CO-NH-’N:C(SH)-NH°O,H, ~ a oA Sosn 
ov 5 SN(O¢Hs) 


Benzal-4-phenylthiosemicarbazone and benzal-4-methylthiosemicarb- 
azone undergo oxidation by ferric chloride to the corresponding phenyl- 
amino- and methylamino-phenylthiodiazole : 


OH, C<NNSO-NH-O,H, and 0,H,0<NNSo-.nH-on,. 


Traumann (Annalen, 1889, 249, 53) showed that the aminothiazoles 
can be equally well represented as iminothiazolines : 
HCN 
Hig? CNH, or 
Gabriel (Ber., 1889, 22, 1144 ; 1898, 31, 2832) found the amino- 


: ‘ H,O-N. . r 
thiazolines, H. g>C:N H,, to react sometimes as such, sometimes as 
2 


bo tartans frm, 229 scone 
the tautomeric form, H, S C:NH. 


The aminothiodiazoles discussed in this paper are very similar in 
structure to the above compounds, and although we make use, as far 
as possible, of the “ amino” nomenclature and constitutional formule, 
the reactions and properties of our substances might be represented 
just as well by the “imino ” constitution. 

The structure of the methyl and acetyl derivatives of aminophenyl- 
thiodiazole is of some interest in connection with the work of Pulver- 
macher and of Freund on the aminothiodiazoles. 

Pulvermacher (Ber., 1894, 27, 613) found that phenylaminothiodi- 
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azole on methylation and subsequent decomposition yielded aniline 
and methylamine, and he therefore gave to the base, the methyl deri- 
vative, and the acetyl derivative the respective formule : 


cH<NNESon-on,  cH<p NCH >o:n-0,H,, 


cH<h N(CO'CH))S0:N-0,H, 


Freund and Meinecke (Ber., 1896, 290, 2511) methylated aminothio- 
diazole and aminomethylthiodiazole, and by comparison with the cor- 
responding synthetical bases prepared by Pulvermacher, determined 
the constitution of the methyl derivatives to be 


cH< i NCHS)So:NH and cH,-0<h NCH) So:nH, 


and, following Pulvermacher’s example, assumed that the acetyl 
derivatives were similarly constituted : 


CHS N(COCHS)So:nH and CH, 0<N NOCH) So:nH. 


Aminophenylthiodiazole yields with methyl iodide a methyl deriva- 
tive which is isomeric, and not identical with the methylaminophenyl- 
thiodiazole which we have prepared by the oxidation of benzal-4-methy]l- 


thiosemicarbazone : 


0,H,-CH:N-N:C(SH)‘NH-CH, — 0,H,0<*-SSo-nu-cn, 


To the methyl base prepared by methylation and to its acetyl deri- 
vative, we must ascribe the constitutional formule : 


CH C<NN(CHS) So: and OH, 0< 5 N(CH: S0:n-00-08,. 


Aminophenylthiodiazole yields with acetic anhydride an acetyl 
derivative which has distinctly acid properties, It is easily soluble in 
dilute alkalis, and forms stable sodium and silver derivatives. The 
action of methyl iodide on the silver acetyl compound yields a methyl 
acetyl derivative which is identical with the above acetyl derivative of 
the methylated aminophenylthiodiazole. The acetyl derivative of 
aminophenylthiodiazole must therefore have the constitution 


0,8, 0<NNSo-NH-00-0H,. 


We consider that there is no ground for the assumption that the 
methyl and acetyl groups take up the same position when an amino- 
thiodiazole is methylated or acetylated, and as our acetylaminopheny]- 
thiodiazole closely resembles the acetyl derivatives described by Freund 
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and Meinecke, we are of opinion that the constitution which they 
ascribe to these acetyl compounds is open to doubt, and that their 
substances would be better represented by the formule : 


HO<S NSo-NH-00-CH,, and CH,-C<NNSc-nH-0O-CH, 


The acetyl derivative of methylaminophenylthiodiazole has probably 


N-N H 
0,H,-0< g>O-N< Coon, 


the constitution : 


EXPERIMENTAL. 


Benzalthiosemicarbazone, C,H,-CH:N-N:C(SH)-NH,.—Thiosemi- 
carbazide, prepared according to the method described by Freund and 
Imgart (Ber., 1895, 28, 948), was dissolved in warm alcohol and 
benzaldehyde added. On cooling, part of the benzalthiosemicarbazone 
crystallised out in hair-like needles, and the remainder was precipitated 
by the addition of water. 

Benzalthiosemicarbazone is easily soluble in warm alcohol, and 
slightly so in boiling water, from which it crystallised, on cooling, 
in long, thin, shining plates which melted at 156°. After recrystal- 
lisation from alcohol, the substance melted at 159—160°. 

Benzalthiosemicarbazone has slightly acid properties, as it is fairly 
soluble in caustic soda, and is reprecipitated by dilute hydrochloric acid, 


0°2140 gave 02716 BaSO,. S=17°4!. 
C,H,N.S requires S = 17°87 per cent. 


Benzalthiosemicarbazone is easily oxidised by aqueous ferric chloride. 
The oxidation commences at about 70°. The best results were obtained 
by suspending the benzalthiosemicarbazone in water, adding rather 
more than one molecular proportion of ferric chloride, and warming 
for half an hour in a water-bath at 80—90° After filtering from a 
small amount of solid matter A, the filtrate was slightly concentrated, 
if necessary, and and allowed to cool. 

The hydrochloride of the oxidation product crystallised out in white 
needles which, after recrystallisation, melted at 213—214°. Further 
quantities of less pure hydrochloride were obtained by concentrating 
the mother liquors. 

The hydrochloride contains one molecular proportion of water of 
crystallisation, which is given off at 90°. 


02904 gave 0°1810 AgCl. HCl=15°86. 
05172, at 90°, lost 0°0420 H,O. H,O=8°12. 
0°3312, dried at 90°, gave 0°2182 AgCl. HCl=16°76. 
C,H,N,8,HCl,H,O requires HCl= 15-76 ; H,O=7°77 per cent. 
C,H,N,S,HCl requires HCl= 17°10 per cent. 
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The solid matter, A, consisted principally of unchanged benzalthio- 
semicarbazone, but in some experiments contained also a very small 
amount of a substance of higher melting point which was soluble in 
alkalis. This substance, which was not further investigated, may 
have been the mercaptotriazole isomeric with the base which formed 


the chief product. 

Aminophenylthiodiazole, C,H, O<S. - >C-NH,.—The hydrochloride 
obtained by the oxidation of benzalthiosemicarbazone was dissolved in 
water and excess of ammonia added. The precipitated base on re- 
crystallisation from 50 per cent. alcohol, formed colourless, micro- 
scopic hexagonal plates which melted at 222—223°. 


0°2148 gave 0:4294 CO, and 0:0800 H,O. C=54:52; H=4'14. 
0°2570 ,, 55 c.c. moist nitrogen at 23° and 755:'2mm. N=23°96. 
02456 ,, 0°3194 BaSO, S=17°83. 

C,H,N,S requires C =54:24 ; H=3'95; N=23-72 ;S=18-08 per cent. 


The base is easily soluble in dilute acids. On addition of concen- 
trated hydrochloric acid to the solution in dilute acid, the hydrochloride 
described above is obtained. 


Acetylaminophenylthiodiazole, C,H,° o<u'N >: NH: CO-CH,.—The 


base was added to an equal weight of acetic anhydride. The mixture 
rapidly became hot and soon solidified. The product on recrystal- 
lisation from boiling alcohol formed small needles which melted 


at 276°. 


0°3052 gave 0°3214 BaSO, S=14-44. 
C,,)H,ON,S requires S= 14°617per cent. 


The acetyl compound is very slightly soluble in water, moderately 
so in boiling alcohol, and easily so in aqueous alkalis. A sodium 
derivative is precipitated by the addition of concentrated aqueous 
caustic soda to the solution in the dilute alkali. 

The silver derivative was prepared by dissolving the acetyl com- 
pound in dilute ammonia and running the solution into aqueous silver 
nitrate. The white precipitate was washed with water and alcohol. 


0°1742 gave 0°0576 Ag. Ag=33-07. 
C,,H,ON,SAg requires Ag = 33°13 per cent. 


Acetyliminomethylphenylthiodiazoline, 
0,1, 0<N'N(CHs)S0:n-CO-CH 
645 g ° 3° 


—The silver acetyl derivative was treated with methyl iodide and 
methyl alcohol, and after standing overnight was heated for half an 
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hour at 100° in a sealed tube. The product, recrystallised from boil- 
ing alcohol, formed prismatic needles melting at 144°. 


02378 gave 37°7 c.c. moist nitrogen at 14° and 751°2 mm, N=18°43. 
02578 ,, 0°2534 BaSO,. S=13-48. 
C,,H,,ON,S requires N= 18-03 ; S=13°73 per cent. 


Iminomethylphenylthiodiazoline, C,H,° o<g NCH) >C:NH.— 


Aminophenylthiodiazole was heated with methyl iodide and methyl 
alcohol in a sealed tube for 1 hour at 100°. On cooling, the hydr- 
iodide of the new base crystallised out in large, fat prisms which 
melted at 245—246°. On addition of aqueous caustic potash to the 
hydriodide, the base separated as an oil. The hydrochloride melts at 
218—219°, and the platinichloride at 217—-218°. On analysis of the 


latter : 


0°3134 gave 00776 Pt. Pt=24-76 
(C,H,N,S),,H,PtCl, requires Pt = 24°62 per cent. 

On adding the base to acetic anhydride heat was developed and on 
cooling the acetyl derivative crystallised out. This compound has the 
same melting point (144°) and crystalline appearance as the acetylimino- 
methylphenylthiodiazoline described above. It was analysed with the 


following result : 


0°1410 gave 22°4 c.c. moist nitrogen at 16°5° and 744:2 mm. N= 18°08. 
C,,H,,ON,S requires N = 18-03 per cent. 


Benzal-4-methylthiosemicarbazone, C,H,-CH:N-N:C(SH)-NH°CH,, 
was prepared according to Pulvermacher’s directions (Ber., 1894, 27, 
623) and its properties agreed with his description. 


0°1368 gave 26:2 c.c. moist nitrogen at 16° and 740°0 mm. N =21°72. 
C,H,N,S requires N = 21°76 per cent. 


This compound was oxidised with ferric chloride in exactly the same 
way as benzalthiosemicarbazone. The hydrochloride which separated 
was treated with aqueous caustic potash and the base thus obtained 
was crystallised from alcohol. 


Methylaminophenylthiodiazole, 0,0, 0A So-NH-CH, is 
moderately soluble in hot alcohol, from which it separates in shining 
plates melting at 183—184°; it is fairly soluble in benzene, from 
which it crystallises in flat needles, and very slightly soluble in hot 
water from which it is deposited in microscopic, rough needles. 


0:0950 gave 18°3 c.c, moist nitrogen at 15° and 744:°2 mm. N=22°07. 
C,H,N,S requires N = 21°99 per cent, 
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From the hydrochloride a platinichloride was prepared which melted 
at 208—209°. 


0°5526 gave 0°1352 Pt. Pt=24°46. 
(C,H)N,S).,H,PtCl, requires Pt = 24°62 per cent. 


Methylacetylaminophenylthiodiazole, 00S Son oo — 
8 


Methylaminothiodiazole was added to an excess of acetic anhydride. 
The acetyl compound crystallised from alcohol in long needles which 


melted at 195°. 


01314 gave 20°6 c.c. moist nitrogen at 15° and 744'2 mm. N=17°99, 
C,,H,,ON,S requires N = 18-03 per cent. 


Benzal-4-phenylthiosemicarbazone, C,H,*CH:N-N:C(SH)-NH-C,H,, 
was made by the action of benzaldehyde on 4-phenylthiosemicarbazide. 
It melted at 190° and agreed in its properties with those described 
by Pulvermacher (Joc. cit.). It was boiled for half an hour with an 
alcoholic solution of ferric chloride. The product, which separated on 
dilution and evaporation of the alcohol, was treated with caustic soda. 
The resulting base, which melted at 199—200°, was easily soluble 
in boiling alcohol. It formed a hydrochloride insoluble in water but 
soluble in alcoholic hydrochloric acid. With acetic anhydride, it 
formed an acetyl derivative melting at 140°. The properties of the 
base agree fully with Marckwald and Bott’s (loc. cit.) description of 


phenylaminophenylthiodiazole, 0,8, 0<NNSo-NH-C,H, 


0°3464 gave 3°3266 BaSO,. S=12°35. 
C,,H,,N,S requires S = 12°65 per cent. 
When an alcoholic solution of the base is poured into alcoholic 
silver nitrate, a white precipitate is formed. On analysis: 


0°6860 gave 0:2070 Ag. Ag=30°17. 
C,,H,,N,SAg requires Ag = 30-00 per cent. 


This silver derivative when air-dried is stable at the ordinary tem- 
perature ; when suddenly heated, it decomposes with explosive vio- 
lence and with the evolution of phenylisonitrile. 
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SPECTROGRAPHIC ANALYSIS OF MINERALS. 


IV.—A Simplified Method for the Spectrographic Analysis 
of Minerals. 


By Watrer Noget Hartiey, F.R.S. and Hucw Ramaag, F.I.C., 
A.R.C.8c.I. 


Prior to the close of the eighteenth century the composition of 
minerals was never stated quantitatively, and even now in all cases 
where the analysis of a mineral is of importance, it is necessary first 
to know the nature of its constituents before determining their pro- 
portions. Testing by the blow-pipe was first systematically employed 
by J. Gahn, and very extensively applied to mineral analysis by him 
and by Bergman (Thomson’s “Annals of Philosophy,” 1818, 40, 
40—47. See Thomson’s “History of Chemistry,” 2, 199, edition of 
1831) ; it was afterwards in many respects perfected by Wollaston and 
Plattner. Its application is limited when unaided by other methods, 
thus in minerals of a complex composition it is difficult to detect 
small quantities of beryllia and some of the other rare earths when 
associated with alumina and magnesia. 

The method of dissolving minerals by the action of special solvents 
and separating their constituents by the addition of suitable precipit- 
ants was first systematised by Klaproth, and largely practised by 
Vauquelin, who not only improved analytical processes, but reduced 
the art of analysis to a greater degree of simplicity and precision. 
The work was advanced to a greater measure of perfection by Berzelius, 
Heinrich Rose, and many others down to the present day. This 
is the method par excellence both for qualitative and quantitative 
purposes, but it is tedious when carried out in minute detail, and 
requires to be applied with considerable judgment, tact, and skill. It 
is frequently necessary to supplement it by other methods, as for 
instance in the detection of small quantities of beryllium, yttrium, 
cesium, or rubidium. Spectrum analysis of minerals found a pioneer 
in Swan (Zrans. Roy. Soc. Hdin., 1853, 20, 335), the inventor of the 
collimator, and Bunsen, who with Kirchhoff devised the first serviceable 
spectroscope for the chemist’s use, and applied it practically to mineral 
analysis, It is hardly necessary to refer to the discoveries of gallium, 
indium, thallium, rubidium, and cesium. Spectrum analysis is the 
only absolute method of diagnosing the chemical composition of a 
mineral, or of a substance separated by precipitation in the course of a 
chemical analysis. As no two substances can give the same spectrum, 
it follows that the spectrum of a substance is peculiar to itself, and, 
provided that light sufficient in amount and in purity can enter the 
instrument, it is immaterial how far from a self-luminous object the 
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observer is distant. Moreover, it is possible to determine the com- 
position of materials too minute in quantity to be handled, and which 
cannot therefore be submitted to chemical analysis. We are also 
able to determine the composition of a substance the constituents of 
which are not amenable to any known process of chemical separation. 
Notwithstanding these advantages, this method in some directions 
does not completely satisfy the requirements of the chemist. 

It is desirable that a marked distinction should be drawn between 
chemical analysis, spectrum analysis, and merely chemical testing. 
The first implies the actual separation of the constituents of a sub- 
stance by taking advantage of their differences in volatility, solubility, 
or other chemical properties ; spectrum analysis is the separation in 
the order of wave-length of the rays proceeding from any material 
either self-luminous or not, and the identification of these rays with 
the presence of a substance whether element or compound to which 
these rays belong. This physical method when suitably modified in 
detail can very advantageously be employed as an aid to, and with 
certain limitations even instead of, chemical analysis. 


The Method of Spectrographic Analysis. 


Oxyhydrogen flame spectra both of elements and compounds have 
been closely investigated and described by one of us and shown to be 
capable of very useful applications (Hartley, Phil. Trans., 1894, 
185, A, 161, 1029). Photographs of spectra are produced with 
extreme ease either from metals, oxides, or other compounds in the 
solid or liquid state. The alkali metals were proved to be volatilised 
from refractory silicates by reason of the high temperature em- 
ployed. A general application of this fact led to a method of 
examination being devised whereby the spectra of the alkalis can 
be separated from those of the alkaline earths even in a Bunsen 
flame (Hartley, Trans., 1893, 63, 138). We have also shown bya 
study of manganese slags and siliceous minerals containing this 
element that it can be volatilised in the oxyhydrogen flame by simply 
heating the silicate. 

Owing to the high temperature to which the substances are sub- 
jected, it has already been shown that platinum wire supports are of 
no use, and fragments of a highly crystalline silicate of alumina in 
the form of the mineral kyanite have been substituted (Hartley, “Flame 
Spectra at High Temperatures,” Phil. Trans., 1894, 185, A, 168). 

Later it was found that little rods of pure alumina, also chips off 
the bowls of clay tobacco pipes, could serve the purpose of supports, 
and that solutions as well as solid salts, minerals, or metals could 
conveniently be examined therewith. 
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We propose now to give an account of a simplification of the method 
of obtaining these spectra, together with some examples of its appli- 
cation to the chemical analysis of very minute quantities of mineral 
substances. 

If the substance to be examined is a metal it should be in the form 
of filings, turnings, powder, or metallic sponge. If a mineral, it 
should be finely powdered. In either case, the powder in quantity 
up to half a gram is rolled up in one-half of an “ ashless” filter paper 
about 5 inches in diameter, the powder is spread equally over the 
paper with exception of a strip at the edge, and is kept as near to the 
centre of the roll as possible, that it may be in the midst of the 
reducing gases given off by the paper when charred and in contact 
with the carbon. In this manner at so high a temperature, some 
oxides which are non-volatile or are volatilised with great difficulty, 
as they do not undergo dissociation in the flame, are actually reduced 
and a spectrum of the metal is thus obtained. For example, we find 
that certain lines in the spectrum of zinc and even that of aluminium 
may be photographed when the oxides are burnt in this way. As 
regards the thermochemistry of the substance, this fact is of con- 
siderable interest because it informs us of the possibility of reducing 
aluminium oxide in presence of carbon at the temperature of the 
oxyhydrogen flame. In the electric arc the product is aluminium 
carbide. The lines referred to have approximately the wave-lengths 
3962 and 3944, and correspond with two of the strongest lines of 
aluminium common to the are and spark spectrum, namely, those 
with wave-lengths 3961°68 and 394426 (Kayser and Runge). 

In front of the spectrograph is a quartz lens 3 inches in dia- 
meter, which projects on to the slit of the instrument the image of 
the flame from an oxyhydrogen blow-pipe. It is advisable to make 
the focal length of the lens 4 or 5 inches. That used by us has a 
focus of 3 inches, and molten particles which adhere to the quartz 
are liable to be projected on to it, necessitating the repolishing of 
the lens. The flame may take a vertical or horizontal direction, or a 
direction inclined towards the optic axis of the instrument. The 
operator having placed the dark slide containing the sensitive plate 
in position and exposed it, protects his eyes by wearing very dark 
neutral tint or black glasses and, seated near the flame, introduces 
the point of the paper pencil containing the ore or mineral into the 
lowest part of the flame. As it burns rapidly it is pushed farther in 
until it becomes necessary to hold the last two or three inches with 
platinum pointed forceps. Some minerals burn with sparks, others 
form fused globules which drop off, and care should be taken with 
these that they do not fall into and choke the oxygen jet of the blow- 
pipe. One pencil suffices, as a rule, to yield a strong spectrum. The 
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time occupied in burning is about two minutes, and five spectra can 
very conveniently be photographed on one plate. A short spark 
spectrum is generally photographed on the middle of the flame spec- 
trum, by turning the slit of the spectrograph towards the spark 
emitted by an alloy giving well-known and clearly defined lines, from 
the measurements of which wave-lengths along the whole spectrum 
may be deduced by means of a curve. Of course it is advisable first 
of all to ascertain definitely the substances to be found in the filter 
papers used; Schleicher and Schiill’s ashless filters generally gave 
weak lines of sodium, and weaker lines of potassium, calcium, and 
iron. These elements are present in the ash of the filter paper and 
the dust of the air. Precipitates may be collected on ashless filters 
and the paper burnt. If the precipitate be small, as, for instance, a 
few milligrams in weight, the paper is cut into strips and so burnt. 
The photographs are taken on Edwards’ “ Snap Shot” isochromatic 
plates or Cadett’s spectrum plates, and are developed with quinol, 
the development occupying from two to three minutes, When burnt 
in the manner described, the lines in the spectra are not obscured by 
the emission of white light, but the presence of a large quantity of 
sodium salts is decidedly disadvantageous, inasmuch as it overpowers 
or suppresses weak lines of other elements. The spectra observed 
for the most part have already been described (Phil. Trans., 1894, 
185, A, 168, 1029). In one or two cases we have considered it 
advisable to revise these spectra. 

The water-vapour lines from the flame, the lines of iron, calcium, 
and sodium, may be very commonly observed. Precipitates show the 
spectrum of potassium in a manner which leads to no other conclusion 
than that this element remains in combination with insolubie hydr- 
oxides much more frequently than is generally supposed. 

The lines in the spectra are measured directly by applying an ivory 
scale to the photograph and clamping it to the glass as described else- 
where in the examination of absorption spectra (Hartley, Phil. T'rans., 
1885, 176, 471). 

We have used divided scales 4 inches long with 200 divisions to 
aninch. A very little practice with a sufficiently powerful magnifier 
or low-power microscope enables each division to be subdivided by 
judgment into fifths. 

With a curve constructed from the principal lines of iron and either 
Kayser and Runge’s wave-lengths or Rowland’s solar lines, we may 
determine the wave-lengths of any line so accurately that as a rule for 
the identification of lines of known wave-lengths nothing more is 
necessary. But occasionally it becomes desirable that wave-lengths 
be determined with still greater accuracy, and micrometer measure- 
ments are resorted to. Asan example of what may be accomplished 
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in this manner, we give in a tabulated statement the lines observed in 
“blast furnace metal” from Middlesbrough, side by side with the 
lines with which they have been identified in the solar spectrum or 
in the are spectrum of iron. It will be seen that the agreement 
between the wave-length numbers is very close. We proved the 
identity of the lines due to foreign metals by carefully executed 
chemical analyses aided by measurements from the photographs of the 
spectra of the various precipitated substances which were separated in 
the process, and not solely from the spectrum of the crude metallic 
iron. 

Lines may be identified in many spectra by simultaneous coinci- 
dences with groups of lines on photographed spectra of the elements, 
without precisely measuring their wave-lengths. In this case, the one 
plate is placed film to film against the other. 


Spectrographic analysis of the crude metal with which the converters are 
charged at Middlesbrough. The iron was heated in the oxyhydrogen 
flame on supports of cyanite. 


Wave-lengths Lines in solar Remarks and references showing by 
of lines. spectrum for . P : 
’ . figures the intensity of the lines, (1) 
(Rowland’s comparison. ete ts 8 t 
scale. ) (Rowland. ) Se ae 
5735°2 Narrow band 
5622°2 Edge of band more refrangible. 
5582°4 Edge of band more refrangible. 
5371°7 5371-686 ~ Cr (7) 
: 5328 696 e (2) 
58386 { 5328-747 Fe (2) 
5270°2 5270°533 Fe (4) 
4481°7 4482 °338 Fe 
61°5 61°818 Fe (4) 
27°3 27°482 Fe (5) 
15°7 15298 Fe (6) 
0571 04°927 Fe (10) 
4383°1 4383°720 Fe (15) 
75°8 76°107 Fe (6) 
25°5 25939 Fe (8) 
07°9 08-081 Fe (6) 
4289°9 4289885 Cr (5) 
74°6 74°958 Cr (7 d) 
71°5 71°934 Fe (6) 
54°4 54°505 Cr (8) 
26°8 26°904 | Ca (20 d 2) 
16°9 15°72 | Rb, Rowland, also 4216°351 Fe (8 d ?) 
02°4 01°98 Rb, Rowland, also 4202°198 Fe (8) 
4171°6 4172°211 Ga (1) 
43°6 44-038 Fe (15) 
31°4 32°235 | Fe (10) 
4071°6 4071°908 Fe (15) 
63°4 63°755 | Fe (20) 
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Spectrographic analysis, de. (continued). 


Wave-lengths 
of lines. 
(Rowland’s 
scale. ) 


Lines in solar 
spectrum for 
comparison. 

(Rowland. ) 


Remarks and references showing b 
figures the intensity of the lines, (1 
being the lowest. 


4047°338 
45°975 
44°294 
34°641 
33°224 
30'914 
05°408 
3969°413 
30°450 
28°075 
23°054 
20°410 
06°628 
3899°850 
95°803 
86°421 
78°720 
72°639 
65°674 
60°055 
56°524 
50°118 
40°580 
34°364 
27°973 
26 027 
24°591 
20°566 
15°987 
13°100 
3799°693 
98 662 
95°147 
88°046 
67°341 
63°945 
58°379 
49°631 
48°408 
45°717 
37°231 
85°014 
33°469 
27°778 
22°692 
20°086 
09°397 
08 °068 
05°711 
3687 °607 
83202 
80°064 
47°995 
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Spectrographic analysis, &c. (continued). 


Wave-lengths Lines in sola ‘ 
eg adres Ge Remarks and references showing by 


(Rowland’s comparison. figures the intensity of the lines, (1) 
scale, ) (Rowland. ) being the lowest. 


3631°2 8631°619 Fe (20) 
18°7 18924 Fe (20) 
09°0 09°015 Fe (15) 
05°3 05°483 Cr (4) 

3593°7 3593 636 Cr (9) 
87°6 87°130 Fe (8) 
85°5 85°479 Fe (7) 
81°5 81°844 Fe (40) 
78°8 78°832 
70°1 70°225 
65°5 65°528 
58°6 58°670 
25°9 25°986 
25°0 24°677 
21°2 21°404 
13°7 13°947 

3497 °6 3497°991 
90°7 90°721 
76°6 76°831 
75°4 75°594 ) 
71°9 71499 ? . Identity with 3471°499 doubt- 

It is more probably 3472°06 Fe, 
a reversed line in the arc spectrum 
(Kayser and Runge). 

Fe (6) 

Fe (8) 

Fe (15) 

Na (5) 

Na (6) 

Cu (6) 

Cu (9) 


The Spectrographie Analysis of Silicates. 


Silicates are sometimes of a very refractory nature and do not 
yield spectra of the bases present other than the alkalis unless these 
are in some way liberated and converted either into oxides or salts, A 
means universally applicable for removing the silica had to be devised. 
Several methods were tried, but only one which has been in use for 
thirteen years past in the laboratory of this college appeared in all 
cases to be satisfactory ; that is, to decompose the silicate with a. 
mixture of pure ammonium fluoride and strong sulphuric aci 1 warmed 
in a platinum crucible which is covered by a lid. It is ne-essary that 
the ammonium fluoride and the acid should be pure. To purify the 
ammonium fluoride from silicon fluoride and from all fixed bases, it is 
hecessary to distil it in a platinum retort, an operation which is not 
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difficult, since the salt distils freely and does not solidify in the neck 
of the retort. The purity of the sulphuric acid is of course easily 
ascertained by ignition in a platinum dish, when it should leave no 
fixed residue. The proportion of fluoride found convenient will of 
course differ with the nature and composition of the silicate to be 
examined. If we take the substance which is perhaps the most 
refractory, namely, cyanite, because it contains about 96 per cent. of 
aluminium silicate, we may reckon that for every gram of the mineral 
there will be required at least two and a half times its weight 
of ammonium fluoride and five times its weight of oil of vitriol. In 
practice we find three times its weight of ammonium fluoride and 
seven times its weight of oil of vitriol are sufficient. These materials 
may be intimately mixed with the very finely powdered mineral and 
kept for some time at a temperature of about 50°. When silicon 
fluoride ceases to be evolved, the temperature may be gradually raised 
until the sulphuric acid and ammonium sulphate are completely ex- 
pelled. The solid may be then converted into mixed bases by re- 
peatedly heating with ammonium carbonate and igniting gently. 

Lead is found sometimes in ordinary concentrated oil of vitriol 
by the appearance of one lead line in the spectrum, but when it is 
desirable to get rid of this impurity, the acid made from sulphur 
trioxide may be used. The only impurities observed in the spectra, 
including those yielded by the paper and the sulphuric acid, were traces 
of sodium, potassium, calcium, and the merest trace of iron. 

Otto Vogel has described the use of the oxy-coal gas flame for spec- 
trum analysis, using pieces of retort carbon from gas-works as a sup- 
port for the substance (Zeit. anorg. Chem., 1894, 5, 42—62). The spectra 
were not photographed. Such observations were made by one of us using 
iridium wires as a support as far back as 1885, and the method of examin- 
ing such minerals as heavy-spar, fluorspar, felspar, and mica in such a 
flame was taught in the laboratory of the Royal College of Science, 
Dublin, from that time until 1889 and 1890, when the oxyhydrogen 
flame and cyanite supports were used. 

Silicates such as felspar, mica, &., we now examine in the following 
manner. The residue from the treatment of 1 gram with ammonium 
fluoride, &c., after ignition to expel the ammonium sulphate, is boiled 
with water and a slight excess of ammonia. The precipitate which 
contains the alumina, &c., is collected by filtration, dried, and ignited 
in a roll of filter paper. The residue from the filtrate, after ignition, 
is collected in a small quantity of water, and the mixture poured on to 
a filter paper, which is dried and burnt. Two spectra are thus obtained 
from each mineral, the one of bases precipitable, the other of those which 
are not precipitable by ammonia. Silicates such as basalt, and those 

present in siderolites, &c., may contain iron (ferrous or ferric oxide), 
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calcium oxide, and magnesium oxide, besides the alumina and alkalis. 
The residue is dissolved in hydrochloric acid, and before precipitating 
with ammonia theiron must beoxidised. The calcium in thefiltrate is pre- 
pitated by ammonium carbonate, and the magnesium in the filtrate from 
this by ammonium phosphate. The filtrate from the magnesium phos- 
phate is then examined as in the preceding case for the alkalis. 

The reaction for cesium and rubidium is more delicate if these bases 
are first separated from the bulk of the potassium and the sodium by 
precipitating with platinic chloride and boiling the precipitate with 
water. Potassium and sodium yield strong continuous spectra which 
mask weak lines of other elements. Lithium is only detected in the 
photographed spectra by its blue line and one in the ultra-violet 
when it is present in appreciable quantity, but traces may be easily 
detected by eye observation of the red line. 

On pp. 68 and 69 a tabulated statement is given of the substances 
detected by spectrographic analysis in a number of very refractory 
minerals which were analysed by the method here described. 


V.—The Alkaloid of Hyoscyamus muticus and of 
Datura Stramonium grown in Egypt. 


By WynpHam R, Dunstan, F.R.S., and Harotp Brown, Assistant 
Chemist in the Scientific Department of the Imperial Institute. 


I. Hyoscyamus muticus. 


In a previous paper (Proc., 1898, 14, 240; Trans., 1899, '75, 72), we 
have shown that the Hyoscyamus muticus of India, which has long 
been used in Indian medical practice, contains the alkaloid hyoscyamine, 
unaccompanied by other mydriatic alkaloids, so that its isolation in the 
pure state is a comparatively easy operation. 

The percentage of hyoscyamine found by us in the stems and leave 
of this sample of the Indian plant was 0°1 per cent. 

Since the publication of this paper, a short communication has 
appeared (Arch. Pharm., 1898, 236, 704) by Dr. Gadamer, in which 
he states that he has examined Hyoscyamus muticus grown in Egypt, 
and has found in the seed capsules and seeds 1°34 per cent. of hyos- 
cyamine, and in the leaves as much as 1°393 per cent., whilst the stems 
contained 0°569 per cent. As these quantities are more than ten 
times as great as those found by us in the Indian plant, we have 
examined the alkaloid furnished by plants grown in Egypt, which 
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have been collected for us through the kindness of Mr. E. A. Floyer, 
Member of the Egyptian Institute. 

The plant is very abundant in the desert. The material received 
weighed about 1°5 kilograms, and consisted of the leaves, stems, and 


flowers. In many cases, the fruits were fully formed and the seeds’ 


ripe. The seed was removed for examination whilst the stems and 
leaves were operated upon together. 

Seeds.—About 60 grams were obtained and thoroughly dried ina 
current of warm air (about 40°). They were then ground to a fine 
powder, and the alkaloid extracted by the process previously described 
(loc. cit.). As in the case of the Indian plant, the hyoscyamine was ob- 
tained in acrystalline condition. The quantity corresponded with 0°37 
per cent., calculated on the dry material. In fractionally crystallising 
this alkaloid, by adding light petroleum to its solution in dry chloro- 
form, it was nearly all obtained in white, silky needles melting at 105°, 
which furnished a crystalline aurichloride melting at 160° and con- 
taining 31°55 per cent. of gold. There is therefore no doubt that the 
crystalline alkaloid is pure hyoscyamine. As two very small fractions 
presented themselves in a gummy, semi-crystalline state, they were 
converted into aurichloride, and this was fractionally crystallised. 
Nothing, however, was obtained beyond an aurichloride melting at 
160° and containing 31:3 per cent. of gold, so that no other alkaloid 
than hyoscyamine was present. 

Stems and Leaves.—The mixture of stems and leaves was thoroughly 
dried, finely powdered, and the alkaloid extracted. It amounted to 
0°59 per cent. on the dried material. This alkaloid crystallised readily 
from its solution in chloroform and possessed all the properties of 
hyoscyamine. A quantity was converted into the aurichloride and 
fractionally crystallised. All the fractions melted between 159° and 
160° and contained between 31 and 31°5 per cent. of gold, so that it 
may be safely concluded that no other alkaloid than hyoscyamine was 
present. A non-alkaloidal substance was, however, isolated from the 
crystalline material first obtained. It was noticed in crystallising 


the original alkaloid from chloroform, On recrystallising this sub- - 


stance from alcohol, it was obtained in flat, rectangular plates melting 
at 196—198°. It was not readily dissolved by cold water, although 
easily soluble when heated ; the aqueous solution was quite neutral. 
It left no residue on ignition, and although it contained nitrogen, did 
not react with alkaloidal reagents, nor did it exhibit the properties of 
a base. It was also devoid of acid properties, being only sparingly 
soluble in cold aqueous alkalis, whilst the solution obtained by heating 
deposited, on covling, the unchanged substance. It did not reduce 
Fehling’s solution before or after boiling with dilute sulphuric acid. 
Its taste was distinctly bitter. The quantity of the substance avail- 
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able did not allow of its further investigation, but we intend, when 
afresh supply of material has been obtained, to investigate its pro- 
perties more fully. 

It thus appears that Hyoscyamus muticus grown in Egypt resembles 
that grown in India in containing practically pure hyoscyamine. 
The amount of this alkaloid furnished by the Egyptian plant is, how- 
ever, considerably greater than that yielded by the same plant grown 
in India. It must, however, be borne in mind that, so far, only 
one sample of the Indian plant has been examined, and it is well 
known that the quantity of alkaloid in atropaceous plants varies con- 
siderably with their age. The examination of other samples of the 
Indian plant will, therefore, be necessary before it can be definitely 
concluded that the larger proportion of alkaloid now found is due to 


‘the growth of the plant in Egypt. 


The rather larger percentages recorded by Dr. Gadamer may be 
partly accounted for by his having employed Keller’s volumetric 
method of estimation, whereas we have isolated and weighed the 
crystalline alkaloid; and partly also by the age of the plant ex- 
amined, as to which we have no informaticn. 

The percentages of hyoscyamine recorded for Hyoscyamus muticus 
grown in Egypt are very much higher than those hitherto recorded 
for any atropaceous plant, and this, taken with the fact that hyos- 


cyamine can be so readily obtained in a pure condition from this 
material, makes Hyoscyamus muticus a valuable commercial source 
of this alkaloid. 

Mr. Floyer informs us that any quantity can be readily grown in 
the Egyptian desert, and that a demand for a large supply could 
easily be met. 


II. Datura Stramonium. 


Through the kindness of Mr. Floyer, we have been enabled to 
examine a specimen of the Datura Stramonium grown in Upper Egypt. 
The European plant is well known, and somewhat extensively used in 
medicine. It was at one time supposed to contain an alkaloid daturine, 
which subsequent research proved to be a mixture of atropine and 
hyoscyamine. As difference of climate and soil is known to produce 
considerable alteration in the constituents in plants, we were glad of 
the opportunity to examine the Egyptian Stramonium. 

From the plant as received, consisting of thick, succulent stems, 
holding large, ripe fruits but very little leaf, the seeds were removed, 
and the remainder, consisting of the stem, broken leaves, and fruit 
cases, separately examined. 

Seeds.—About 42 grams were obtained and dried in the air. They 
were then examined in precisely the same manner as those of Hyoe- 
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cyamus muticus. 0°35 per cent. of the crystalline alkaloid was obtained 
melting at 104°, and showing all the characters of hyoscyamine. Its 
aurichloride, after recrystallisation, melted at 159°, and contained 
31°29 per cent. of gold. The whole of the alkaloid was converted 
into aurichloride, and this was fractionally recrystallised. In no case 
was any aurichloride obtained other than that of hyoscyamine. 

Stems and Leaves.—The mixture of stems and leaves, amounting to 
about 80 grams, was air-dried and examined in the same manner as 
Hyoscyamus muticus. 0°3 per cent. of alkaloid was obtained, which, 
however, did not crystallise readily, but separated in a semi-gummy 
state. The whole of it was therefore converted into aurichloride and 
fractionally crystallised. With the exception of a minute, granular 
fraction melting below 130°, which was probably the aurichloride of. 
atropine, the whole of the gold salt was obtained in shiny, crystalline 
scales characteristic of hyoscyamine aurichloride. They melted at 
159°, and contained 31°37 per cent. of gold. The influence of minute 
quantities of other alkaloids in hindering the crystallisation of hyos- 
cyamine is well known. 

It therefore appears that the Datura Stramonium of Egypt differs 
from that grown in Europe in containing hyoscyamine unaccompanied 
by other atropaceous alkaloids, although, as has been pointed out in 
the previous paper, the nature of the alkaloid contained in plants 
belonging to this natural order is liable to vary considerably with 
age, and therefore this difference may not be in reality a fundamental 
one. 

It is obvious that both these plants merit the attention of those 
concerned with their utilisation in medicine and pharmacy, as an 
abundant supply of either could be obtained in Egypt. 


ScIENTIFIC DEPARTMENT, 
IMPERIAL INstITUTE, 8S.W. 


VIi.—The Inversion of the Optically Active ac-Tetra- 
hydro-B-naphthylamines prepared by the aid of 
d- and 1-Bromocamphorsulphonic Acids. 
By Witu1am Jackson Pore and ALFRED WILLIAM Harvey. 


In order to further investigate the possibilities of the methods devised 
during recent years for the resolution of externally compensated basic 
substances (Pope and Peachey, Trans., 1898, '73, 893 ; 1899, '75, 1066, 
1127; 1900, '77, 1072; Pope and Rich, Trans., 1899, '75, 1093), the 
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study of Bamberger and Miiller’s ac-tetrahydro-8-naphthylamine 
(Ber., 1888, 21, 847) was undertaken ; this substance, according to the 
constitution assigned to it by these authors, contains an asymmetric 
carbon atom. 


Resolution of Externally Compensated ac-Tetrahydro- 
P CH:-CH:C-CH,°CH. 

-naphthylamine, | POSTS 9 «ing 

B-naphthylamine, (7 .oH:¢-CH,-CH-NH, 


Crude racemic ac-tetrahydro-8-naphthylamine hydrochloride is puri- 
fied by precipitating the carbonate of the base from ether as described 
by Bamberger and Miiller and subsequently evaporating to dryness 
with hydrochloric acid, or by the simpler but equally efficient method 
of crystallising it several times from moist boiling acetone; it melts 
at 242_-243° (Noyes and Ballard, Ber., 1894, 2'7, 1450). In accord- 
ance with the method devised by Pope and Rich (loc. cit.), hot con- 
centrated aqueous solutions of one molecular proportion of ammon- 
ium d-bromocamphorsulphonate and of two molecular proportions of 
racemic tetrahydro-6-naphthylamine hydrochloride are mixed. An 
immediate separation of the least soluble salt possible in the system 
takes place in accordance with the equation : 


d-B,HOl + /-B,HCl + NH,,d-A = NH,Cl+/-B,HCl + d-B,d-A, 


and, by the time that the solution has cooled to the ordinary temper- 
ature, a practically quantitative separation of the d-tetrahydro-B- 
naphthylamine d-bromocamphorsulphonate as a mass of colourless 
needles has been effected. After filtering and washing with cold 
water, the salt is crystallised from boiling spirit and then from hot 
absolute alcohol, ethyl acetate being added to the latter solution 
before cooling. 

It may be remarked that this resolution partakes more of the 
nature of a separation by precipitation than of a separation by frac- 
tional crystallisation. 


d-ac-Tetrahydro-B-naphthylamine d-Bromocamphorsulphonate, 
C,H, ,"NH,,C,,H,,Br0°SO,H. 


The salt crystallises in long, colourless needles melting with decom- 
position at 185—188°, and a solution of 0°4471 gram made up to 25:1 
¢.c, with absolute alcohol gave ay +3°08 at 12° in a 200 mm. tube; 
whence the specific rotatory power [a], +86°5. It is very soluble in 
hot alcohol, but less so in ethyl acetate and very sparingly soluble in 
boiling water. The following analytical results were obtained $ 
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0°1642 gave 0°3146 CO, and 0:0949 H,O. C=52-25; H=6-42. 
01719 ,, 03285 CO, ,, 0°0989 H,O. C=52:12; H=6:39. 
04006 ,, 0:1679 AgBr. Br=17°86. 

C,,H,,0,NBrS requires C=52°40; H=6-11; Br=17-47 per cent, 


Ammonium |-Bromocamphorsulphonate.—The camphor required for 
the preparation of the hitherto unknown /-bromocamphorsulphonic 
acid is conveniently obtained by treating Schimmel and Co.’s -borneol 
with successive quantities of nitric acid of sp. gr. 1°42 until no 
further evolution of red fumes takes place; the product is then 
poured into water and the precipitated camphor collected, well washed 
with cold water, and dried. The camphor thus obtained is bromin- 
ated by Armstrong and Matthews’ method (Chem. News, 1878, 37, 4), 
and after crystallisation from boiling spirit, /-a-bromocamphor is 
obtained in long, colourless needles melting at 76° (compare Haller, 
Compt. rend., 1887, 105, 66). The rotatory power was determined in 
benzene solution, and compared with that of the enantiomorphously 
related d-a-bromocamphor, with the following results : 


0°4195 gram of d-bromocamphor, made up to 25:0 c.c. with benzene, 
gave ay +3°93° at 19° in a 200 mm. tube: whence [a], +117°1° 

0°4172 gram of /-bromocamphor, made up to 25:1 c.c. with benzene, 
gave ap — 3°93° at 19° in a 200 mm. tube: whence [a], —118°2°. 


The /-bromocamphor, on sulphonation and subsequent treatment by 
Kipping and Pope’s method (Trans., 1895, 67, 356), yields ammonium 
l-bromocamphorsulphonate having properties similar to those of its 
stereoisomeride, as is shown by the following determinations of rota- 
tory power : 


0°4531 gram of ammonium d-bromocamphorsulphonate, made up to 
25 c.c. with water, gave ap +3°06° in a 200 mm. tube at 18°5°: 
whence [a]) +84°4° and [M]p +277°. 

0°4559 gram of ammonium /-bromocamphorsulphonate, made up to 
25'l c.c. with water, gave ap — 3°06° in a 200 mm. tube at 185°: 
whence [a], —84'2° and [M], — 276°. 


The description of derivatives of levo- and of externally com- 
pensated bromocamphorsulphonic acids will form the subject of a 
future paper. 


|-ac-Tetrahydro-B-naphthylamine 1-Bromocamphorsulphonate, 
C,,H,,"NH,,C,,H,,Br0°SO,H. 


The mother liquors remaining after separation of the d-bromocamphor- 
sulphonate of the d-base are treated with a trifle more than the 
requisite amount of soda to liberate the base, which is then exhaus- 
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tively extracted with ether ; after washing the ethereal solution with 
water, the base is precipitated as carbonate, and the latter, dissolved 
in just the requisite amount of hydrochloric acid, is then treated with a 
hot aqueous solution of one equivalent of ammonium /-bromocam- 
phorsulphonate. A crystalline precipitate of /-tetrahydro-8-naphthyl- 
amine /-bromocamphorsulphonate at once falls, and is purified in the 
same way as its enantiomorphously related isomeride. 

The salt crystallises in colourless needles melting at 185—188° with 
decomposition, and, after drying at 100°, was analysed with the fol- 
lowing results : 


01527 gave 0°2922 CO, and 0:0891 H,O. C=52:19; H=6-48. 
01668 ,, 03206 CO, ,, 0°0965 H,O. C=52:-42; H=6-43. 
04219 ,, 01747 AgBr. Br=17°65. 

C,»H,,0,NBrS requires C= 52°40 ; H=6:11; Br=17-47 per cent. 


A solution of 0°4206 gram, made up to 25:1 c.c. with absolute 
alcohol, gave ap —2°89° at 16° in a 200 mm. tube: whence [a]p 
—86:2°, a result numerically identical with that obtained for the 
antipodal isomeride. 

It may be remarked that, by the successive application to an ex- 
ternally compensated base of the enantiomorphously related d- and 
l-bromocamphorsulphonic acids, the practically quantitative resolution 
of the inactive base into its optically active components becomes 
possible. 


d-ac-Tetrahydro-B-naphthylamine Hydrochloride, 
C,,H,,"NH,,HCl. 


Onsuspending d-tetrahydro-8-naphthylamined-bromocamphorsulphon- 
ate, having the specific rotatory power [a]) +86°5°, in a little water, 
adding rather more than sufficient soda to liberate the base, extract- 
ing with ether, washing the ethereal solution with water, and distilling 
off the ether after addition of hydrochloric acid, a crystalline residue 
of the hydrochloride is obtained. This salt, however, proves to bea 
mixture of the dextro- and racemic hydrochlorides ; on crystallisation 
from hot water, a deposit of salt was obtained which melted at 
239—241°, and had a specific rotatory power of [a]p +32°9° in a 
2 per cent. aqueous solution, corresponding to a molecular rotatory 
power of [M], +59°, which, as shown later, is an impossibly low 
value for d-tetrahydro-8-naphthylamine hydrochloride. Further, on 
dealing with a large quantity of carefully purified d-bromocamphor- 
sulphonate and systematically crystallising the mixture of hydro- 
chlorides from water and dilute acetone, a specimen of the pure 
racemic hydrochloride was isolated which melted at 242—243°, did 
not depress the melting point of an undoubted sample of the salt, and 
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was optically inactive. The racemic salt was isolated as the most 
sparingly soluble component of the mixture, and from the mother 
liquors, pure d-tetrahydro-B-naphthylamine hydrochloride was separ- 
ated as the most soluble constituent by repeated crystallisation, 
d-Tetrahydro-8-naphthylamine hydrochloride crystallises from boiling 
moist acetone in colourless needles melting at 243—-245° and separates 
in long, flattened needles of glassy lustre during the spontaneous evap- 
oration of its cold aqueous solution. It is practically insoluble in dry 
organic solvents, but readily dissolves in water. The following 
analytical results were obtained with the salt dried at 100°: 


0°1426 gave 0°3415 CO, and 0:1007 H,O. C=65°31; H=7°85. 
071308 ,, 0:3136CO, , 00916 H,O. C=65:39; H=7°78. 
02160 ,, 0°1699 AgCl. Cl=19°46. 

C,,H,,NCl requires C= 65°43 ; H=7°63 ; Cl=19-30 per cent. 


A solution of 0°3645 gram, made up to 25:2 c.c. with water, gave 
ay +2°08° at 12° in a 200 mm. tube; whence [a] +71°9° and 
[M]p +131°9°. 

In moist acetone solution, the salt has about twice as high a rota- 
tory power as in water; since, however, the values vary with the 
amount of moisture present in the acetone, they need not be quoted. 


l-ac- Tetrahydro-B-naphthylamine Hydrochloride, 
C,)H,,"NH,,HCl. 

In just the same way, it was found that optical inversion takes place 
during the preparation of /-tetrahydro-8-naphthylamine hydrochloride 
from its /-bromocamphorsulphonate ; the racemic hydrochloride is first 
isolated as the least soluble constituent, whilst the mother liquors 
contain the hydrochloride of the U-base which is ultimately purified 
by repeated crystallisation from moist acetone. The salt melts at 
243—245°, and was analysed with the following result : 


0°2238 gave 0°1765 AgCl. Cl=19°51, Calculated Cl = 19°30 per cent. 


A solution of 0°1206 gram, made up to 25:1 c.c. with water, gave 
ap — 0°67 at 16° in a 200mm. tube: whence} a ]p — 69°7° and [M], — 128°. 


d-ac-Tetrahydro-B-naphthylamine d-Camphorsulphonate, 
C,)H,,"NH,,C,,H,,0°S0,H,4}H,0. 

The preceding results indicate that both d- and /-tetrahydro-B-naph- 
thylamine undergo a partial racemisation during the conversion of their 
bromocamphorsulphonates into the corresponding hydrochlorides ; it is, 
in consequence, very difficult to isolate the optically active hydro- 
chlorides in a state of sufficient purity to allow of their proper 
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characterisation. It seemed probable that the active bases would be 
most conveniently characterised by means of their more soluble salts 
with optically active acids, and to this end the salts with Reychler’s 
d-camphorsulphonic acid were prepared. 

The base was separated from the d-bromocamphorsulphonate of 
[a] +86°5° as described above, and the ethereal solution evaporated 
to dryness with the corresponding weight of pure d-camphorsulphonic 
acid, the solid residue being subsequently crystallised from hot water. 
The greater part of the product consists of d-tetrahydro-8-naphthyl- 
amine d-camphorsulphonate, which was easily obtained in a state of 
purity. It crystallises in long, colourless needles from hot water, and 
in stout prisms several centimetres in length by spontaneous evapo- 
ration of its cold aqueous solution ; the crystals contain 4H,O and 
melt at 210—211°. The following analytical results were obtained : 


0:3338 air-dried salt lost 0°0078 H,O at 100. H,O=2°33. 

0:1225 dried salt gave 0°2817CO, and 0:0858 H,O. C=62°71; H=7°78. 
01168 ,, »  0°2689C0, ,, 0°0816 H,O. C=62°79; H=7°77. 
02530 —,, »  0°1623 BaSO, S=8°81. 

C,5H.,0,NS requiresC = 63:32; H=7°65;S =8-44; }H,O = 2°32 percent. 


A solution of 0°3156 gram of the dried salt, made up to 25:1 c.c. 
with water, gave ap +1°20° in a 200 mm. tube at 12°5°; whence 
[a]p +47°7° and [M], +180°9°. Since Pope and Peachey have 
shown (Trans., 1899, '75, 1085) that the d-camphorsulphonic ion has 
[M], +51°7°, that of the d-tetrahydro-8-naphthylammonium ion should 
be [M], +129°2°; this value agrees well with that obtained above for 
the molecular rotatory power of d-tetrahydro-8-naphthylamine hydro- 
chloride, namely, [M], +131-9°. 

After the major portion of this salt has separated, the solution 
begins to deposit /-tetrahydro-B-naphthylamine d-camphorsulphonate 
in the characteristic form of colourless scales; this salt owes its 
formation to the partial optical inversion of the d-tetrahydro-B- 
naphthylamine. 


l-ac- Tetrahydro-B-naphthylamine d-Camphorsulphonate, 
O,)H,,°NH,,C,,H,,0°SO,H,H,O. 


This salt cannot be conveniently isolated from the mother liquors 
containing the inversion product of the d-base, but was prepared by 
extracting the base from /-tetrahydro-§-naphthylamine /-bromocam- 
phorsulphonate with soda and ether, and subsequently evaporating the 
ethereal solution with the requisite quantity of d-camphorsulphonic 
acid. It crystallises from water in small, colourless scales containing 
1H,0, and on heating melts first in its water of crystallisation at 
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83°, and for the second time at 207—208°. The following analytical 
results were obtained : 


1:2016 air-dried salt lost 0°0555 H,O at 100. H,O=4°61. 

0°1195 dried salt gave 0°2768 CO, and 0:0814 H,O. C=63°17; H=7°57. 
01264 _ ,, »,  0°2920C0, ,, 0°0890 H,O. C=63-00; H =7'82, 
0°2205_—sé=«, = 01403 BaSO, S=8-74. 

Co9H,,0,NS requires © = 63°32; H= 7°65; S= 8-44; 1H,O = 4°53 percent. 


A solution of 0°1429 gram of the dried-salt, made up to 25:2 c.c. with 
water at 16°, gave ay —0°11° in a 200 mm. tube, whence [a], — 9-7° 
and [M], —36°8°. Since it has aleady been shown that the molecular 
rotatory powers of the tetrahydro-B-naphthylammonium and camphor- 
sulphonic ions are 130° and 51-7° respectively, /-tetrahydro-6-naphthyl- 
amine d-camphorsulphonate should have the molecular rotatory power 
[M], —68°; the salt was evidently still contaminated with a little of 
the racemisation product of the /-base, its purification from which is 
very difficult. 


lCamphorsulphonic Acid and its Salis with the Optically 
Active Tetrahydro-B-naphthylamines. 


l-Camphorsulphonic acid was prepared from /-camphor by the method 
which Reychler used for the preparation of d-camphorsulphonic acid 
(Bull. Soc. Chim., 1898, [iii], 19, 120), and was purified by crystallisation 
from acetic acid and ethyl acetate ; on converting a portion of the pro- 
duct into ammonium salt, the following determination of the rotatory 
power of the latter showed it to be enantiomorphously related to 
ammonium d-camphorsulphonate, which has [M], +51-7° (Pope and 
Peachey, Trans., 1899, '75, 1086). A solution of 0°4965 gram, made 
up to 25:1 c.c. with water at 17°, gave ay —0°82° in a 200 mm. tube; 
whence [a], — 20°7° and [M], —51°6°. 

The following two salts were prepared from d- and /-tetrahydro- 
B-naphthylamine d- and /-bromocamphorsulphonates respectively, with 
the aid of /-camphorsulphoniec acid, for purposes of comparison with 
their enantiomorphously related isomerides. 


. L-ac-Tetrahydro-B-naphthylamine |1-Camphorsulphonate, 
C,,)H,,"NH,,C,,H,,0°SO,H,3H,0. 

This salt crystallises from water in long, transparent prisms contain- 
ing $H,O, which is lost at 100°; it melts at 210—211°, and was 
analysed with the following results : 

0°8662 lost 0°0205 H,O at 100°. H,O=2°36. 

0°1137 dried salt gave 0:2627 CO, and 0°0792 H,O. C=63-01; 

H=7°74. 
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0:1109 dried salt gave 0°2569 CO, and 0:0791 H,O. C=63°18; 
H=7°92. 

C.)H90,NS requires C=6332 ; H=7°65 ; 4H,O=2°32 per cent. 

A solution of 0°3284 gram of the dried salt, made up to 25-1 c.c. 
with water, gave ap —1°24° at 17° in a 200 mm. tube: whence 


[a]> —47°4° and [M:], — 179-6°, values in close numerical agreement 
with those given for the antipodal isomeride. 


n 
0 d-ac-Tetrahydro-B-naphthylamine |-Camphorsulphonate, 
. C,,H,,NH,,C,,H,,0°SO,H,H,0. 
p This salt crystallises from water in glistening scales containing 
L- 1H,0, and, after drying, melts at 207—208°. 
, 0'3268 air-dried salt lost 0:0144 HO at 100°. H,O=4-41. 
ts 0'1185 dried salt gave 0°2753 CO, and 0°0833 H,O. C=63°36; 
H=7'81. 
C,)H,,0,NS requires C = 63°32 ; H=7°65; 1H,O=4°53 per cent. 
Ly A solution of 0°1320 gram of the dried salt, made up to 25:1 c.c. with 
water, gave ap +0°14° at 16° in a 200 mm. tube: whence [a]p +13°3° 
od and [M]p +50°4°. 
id 
on d-ac-Tetrahydro-B-naphthylamine platinichloride, 
r0- 2C,,H,,"NH,,H,PtCl,,2H,0. 
Fa On adding the' requisite amount of platinic chloride to an aqueous 
i solution of d-tetrahydro-8-naphthylamine d-camphorsulphonate acidi- 
w fied with hydrochloric acid, a crystalline precipitate of the platinichloride 
ox is obtained ; it crystallises from hot, dilute-hydrochloric acid in golden- 
od) yellow scales which blacken at 235° and melt, with decomposition, at 
240°. The salt is practically insoluble in water, and its rotatory 
r0- : 
a power could not be determined. 
i 
ith 07007 lost 0°0333 H,O at 100°. H,O=4°75. 

02941 gave 00776 Pt. Pt=26°38. 

C,,)H,,N,Cl,Pt requires Pt = 26°33 ; 2H,O = 4°84 per cent. 

The Racemisation of d- and 1-Tetrahydro-B-naphthylamines. 
ain- It has been proved above that, on preparing the hydrochloride or 
was the camphorsulphonate from d-tetrahydro-8-naphthylamine d-bromo- 

‘amphorsulphonate, a certain proportion of the optically active base is 

inverted ; the only alternative to this view is that the original bromo- 
01; ‘amphorsulphonate is a kind of partially racemic compound containing 


‘veral equivalents of the d-base to one of the /-base. That this cannot 
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be accepted we have proved by treating a pure sample of d-tetrahydro- 
f8-naphthylamine d-camphorsulphonate with soda, extracting with ether, 
and once more preparing the d-camphorsulphonate from the ethereal 
extract. The salt obtained proved to be a mixture of d- and /-tetrahydro- 
8-naphthylamine d-camphorsulphonates. It follows that, in general, the 
optically active tetrahydro-B-naphthylamines undergo partial race- 
misation when liberated from their salts by soda and converted into 
other salts. During which of these two distinct operations the race- 
misation takes place is not decided ; but it is at least probable that it 
is connected with the liberation of the base, rather than with its 
recombination, because on preparing a solution of the hydrochloride of 
known rotatory power, evaporating it to dryness with somewhat less 
than an equivalent of sulphuric acid, dissolving in water and making 
up to the original volume, the rotatory power is found to be unchanged. 
Some kind of momentary tautomerism seems to exist during the 
liberation of the base from its salts; this tautomerism, however, does 
not persist after the new salt is formed because no alteration in 
rotatory power attends the heating of the optically active salts in 


solution. In the hope that the facility with which racemisation occurs 
mighw be applied to the conversion of the externally compensated base : 
into one enantiomorphous component as was done with the compounds 

containing an asymmetric tin atom (Pope and Peachey, Proc., 1900, I 
16, 42, 116), the following experiment was performed. The base was ' 
liberated from 20 grams of pure racemic tetrahydro-8-naphthylamine 

hydrochloride by soda and extracted with ether ; the ethereal solution 

was then treated with sufficient d-bromocamphorsulphonic acid solution 

to combine with all the base, and the solution slowly evaporated to 

dryness. The base was then liberated from the whole by addition of et 
soda and extracted with ether, the. ethereal solution being then ca 
evaporated and the residual base distilled under about 15 mm. pressure. le 
The pure product thus obtained had the rotatory power ap +0°05° in pr 
a 100 mm. tube. It was once more treated with d-bromocamphor- wi 
sulphonic acid in a sealed tube and the whole heated at 100° for three tal 
days, after which the base was liberated, extracted with ether, and sta 
distilled under reduced pressure as before. The distillate now had an 
the rotatory power ap +0°18° in a 100 mm. tube. These results in- fro 
dicated that the externally compensated base was slowly becoming 871 
optically active under this treatment,*but this might well be because anc 
the /-base, which remained always dissolved, was more liable to undergo wit 
slight oxidation than its d-isomeride which was mainly present 4 hay 


solid salt. 
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d-ac-Tetrahydro-B-naphthylamine. 


d-Tetrahydro-8-naphthylamine was prepared by treating d-tetra- 
hydro-8-naphthylamine d-bromocamphorsulphonate of [a], +86°5° 
with a slight excess of soda solution, extracting with ether, drying 
the ethereal solution with potash, and distilling the base under 
about 15 mm. pressure. It is a colourless oil which is very viscous 
and does not fume in the air. One preparation had the rotatory 
power an +30°5° in a 100 mm. tube at 16°, whilst another had 
the value ap +37°24° in a 100 mm. tube at 15°. The difference 
between the rotatory powers of these two preparations indicates that 
racemisation had taken place to a certain extent. 

0'2632 gram of the base of ap +37°24° was made up to 25°1 c.c. 
with water containing the calculated quantity of hydrochloric acid ; 
the solution had ap +0°71° at 15°5° in a 200 mm. tube: whence 
[a]p +33°8° and [M], +49°8°. 

Since we have shown that the d-tetrahydro-B-naphthylammonium 
ion has the molecular rotatory power [M], + 130°, it follows that, if 
no racemisation attends the formation of the hydrochloride from the 
free base, pure d-tetrahydro-B-naphthylamine should have a rotatory 
power of about ap + 96° in a 100 mm. tube, and our best specimen of 


@y +37°24° consisted of 70 per cent. of d- and 30 per cent. of /-base. 


Benzylidene-d-ac-tetrahydro-B-naphthylamine, 
C,,H,,"N:CH:O,H,. 


d-Tetrahydro-8-naphthylamine carbonate was precipitated from an 
ethereal solution of the base obtained by treating the d-bromo- 
camphorsulphonate of [a]) +86°5° with a little more than the equiva- 
lent proportion of soda. On heating this carbonate with 1 molecular 
proportion of benzaldehyde on the water-bath, reaction occurs readily 
with formation of the benzylidene derivative of the base. On crys- 
tallisation from spirit, the product is found to consist of two sub- 
stances ; the less soluble constituent is present in the larger quantity 
and is the racemic benzylidenetetrahydro-8-naphthylamine prepared 
from the inactive base by Bamberger and Kitschelt (Ber., 1890, 23, 
876). It crystallises readily in anorthic plates of rhomboidal habit 
and melts at 51—52°; its identity was established by comparison 
with the benzylidene derivative prepared from inactive tetrahydro-f- 
naphthylamine carbonate as described by Bamberger and Kitschelt, 
It is accompanied by 5 or 10 per cent. of a dextrorotatory isomeride 
which separates from the mother liquors in spherical aggregates of 
colourless needles and may be obtained in an apparently pure state 
by mechanical separation during fractional crystallisation from alcohol, 

G 2 
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The purest sample which we succeeded in obtaining melted at 58—60°; 
it was analysed with the following results : 

0°1046 gave 0°3322 CO, and 0:0700 H,O. C=86°61; H=7-44. 

01119 ,, 0355300, ,, 0°0745 H,O. C=8659; H=7°40. 

C,,H,,N requires C = 86°81 ; H =7:23 per cent. 

A solution of 0°3657 gram made up to 250 c.c. with absolute 
alcohol at 18°5°, gave ap +0°81° in a 200 mm. tube: whence 
[a]p +27°6°. 

Benzoyl-d-ac-tetrahydro-B-naphthylamine, 
C,)H,,"NH-CO-C,H,. 

On treating powdered d-tetrahydro-B-naphthylamine d-bromocamphor- 
sulphonate of [a], +86°5° suspended in water, with benzoyl chloride 
and soda by the Schotten-Baumann method, benzoylation readily occurs 
with separation of an oil which immediately solidifies. The product, 
after preliminary purification in the usual way, is found to be very 
slightly optically active in alcoholic solution, the specific rotatory power 
of different preparations varying from 1° to 3°; it consists almost 
entirely of the inactive benzoyltetrahydro-8-naphthylamine prepared 
by Bamberger and Miiller (Ber., 1888, 21, 850), and contains but a 
small proportion of the dextrorotatory benzoyl derivative. A product 
containing more of the latter compound is obtained by adding benzoyl 
chloride to an ethereal solution of the base cooled to 0°; after extract- 
ing the ethereal solution with water, the tetrahydro-@-naphthylamine 
hydrochloride recovered from the aqueous solution was found to be 
still highly dextrorotatory, so that the base unacted upon by the 
benzoyl chloride does not undergo extensive racemisation. After evap- 
orating the ethereal solution to dryness and fractionally crystallising 
the residue from dilute acetone, a considerable proportion of it is found 
to consist of the racemic benzoyl derivative melting at 150—151°, 
whilst some 5 per cent. or so consists of benzoyl-d-tetrahydro-f-naph- 
thylamine. The latter is much more readily soluble than its racemic 
isomeride, and is ultimately obtained from the acetone solution in felted 
needles of a woolly appearance; the purest sample obtained melted at 
155—157°, and was analysed with the following results : 


0°1007 gave 0°2994 CO, and 0°0624 H,O. C=81:07; H=6°89. 
01053 ,, 03134 CO, ,, 0°0657 H,O. C=81:16; H=6-93. 
C,,H,,ON requires C= 81:27 ; H=6-77 per cent. 
A solution of 0:0238 gram, made up to 25:1 c.c. with acetone at 19°, 
gave ap +0°11° in a 200 mm. tube; whence [a], +58°. 
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Acetyl-d-ac-tetrahydro-B-naphthylamine, 
C,,H,,"NH:CO-CH,. 

On adding one-half a molecular proportion of acetyl chloride dis- 
solved in benzene at 0° to a benzene solution of d-tetrahydro-8-naphthyl- 
amine prepared from the d-bromocamphorsulphonate of [a]p) +86°5°, 
a mixture of the racemic tetrahydro-B-acetonaphthalide melting at 
107—108°, which was prepared by Bamberger and Miiller (Ber., 
1888, 21, 850), with some 5 per cent. of its dextrorotatory isomeride 
is obtained. The latter is much more soluble than the racemic com- 
pound, and may be separated by continued fractional crystallisation 
from benzene. It crystallises from the latter solvent in long, colourless 
needles melting at 104—106°, and on rubbing the crystals with a glass 
rod they exhibit vivid triboluminescence resembling that of orthoben- 
zoicsulphinide (Pope, Trans., 1895, 67, 985) ; this property is lost when 
the crystals are kept and the racemic compound does not show it at 
all. The purest sample of the active compound obtained was analysed 
with the following results : 


0'1062 gave 0:2960 CO, and 0°0777 H,O. C=76°02; H=8-13. 
01085 ,, 0°3026 CO, ,, 0°0790H,O. C=76°07; H=8-09. 
C,,H,,ON requires C=76'19; H=7:94 per cent. 


A solution of 0°1122 gram, made up to 25:1 c.c. with benzene, gave 
a) +0°33° at 16°5° in a 200 mm. tube: whence [a]p +36°9°. 


The Optical Inversion of Amino-compounds. 


Although the present investigation was undertaken with a view to 
further extending the methods available for resolving externally com- 
pensated bases, it has led to the observation of a previously unrecorded 
property which may be exhibited by certain optically active sub- 
stances, that, namely, of a partial optical inversion attending the 
liberation of a base from its salts by means of alkali; it has further 
been found that on preparing the benzylidene, benzoyl, and acetyl de- 
rivatives from an active base racemisation may occur, and to a much 
greater extent than on simply liberating the base from its salts. Two 
cases of the latter kind are already known: Emil Fischer has shown 
(Ber., 1900, 33, 2370) that partial racemisation occurs on benzoylating 
leucine, CHMe,*CH,*CH(NH,)-CO,H, in presence of soda and also on 
hydrolysing optically active benzoylleucine ; Fischer has also shown, 
(Ber, 1899, 32, 2466) that considerable inversion takes place on 
benzoylating optically active glutaminic acid, 

CO,H-CH,°CH,*CH(NH,)-CO,H. 
Tetrahydro-@-naphthylamine is more liable to undergo inversion than 
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either leucine or glutaminic acid, because racemisation attends the 
liberation of the former base from its salts, whilst this is not observed 
with the other two substances. 

Fischer’s observations, together with our own, allow of some con- 
clusions respecting a branch of knowledge in which stereochemical 
methods will doubtless ultimately prove of the greatest importance, 
that, namely, which concerns the mechanism of chemical change. The 


three bases just mentioned all contain the group ee ; fur- 
2 


ther, salt decomposition and the formation and hydrolysis of acidic 
derivatives are operations involving the conversion of triad into 
pentad nitrogen and vice versa. The probable cause of the optical in- 
version is as follows: The salts of tetrahydro-@-naphthylamine con- 


tain pentad nitrogen, and consequently also the group i x; 
3 


when treated with soda, they decompose, with separation of HX, in 
two ways. The two atomic groups, H and X, may both come from 
the nitrogen atom, so as to lead to the immediate formation of the 
stable base, or X may come from the nitrogen and H from the 
asymmetric carbon atom, leading to the momentary liberation of the 


transition product R So:nH which immediately becomes converted 
p »R 3 y 


into the stable base by isomeric change. That part of the material 
which passes through this intermediate stage is necessarily obtained as 
an externally compensated end-product. This explanation of the partial 
optical inversion of the base itself is directly applicable, mutatis 
mutandis, to the formation of the much more nearly compensated 
acidic and benzylidene tetrahydro-f-naphthylamines. A view similar 
to this has been advanced by Armstrong (Trans., 1900, ‘77, 1049) to 
explain the conversion of phenylacetylchloramine into p-chloracet- 
anilide and the optical inversion of glutaminic acid. 

Further, the environment of the asymmetric carbon atom is 
certainly tetrahedral, whilst that of the pentad nitrogen atom is 
probably either that of a pyramid upon a square base or of a double 
pyramid upon a triangular base, the group X occupying the apex of a 
pyramid ; it would follow that, in the molecule, the distance between 
H and X attached to the nitrogen atom is of the same order of 
magnitude as one of the distances between X on the nitrogen atom 
and the three groups H, R’ and R’, attached to the carbon atom. 
In the case when H and X attached to carbon and nitrogen respec- 
tively are at a distance similar to that separating H and X attached 
to nitrogen alone, the acid HX would be expected to leave the molecule 
in both of the two ways indicated above. This case apparently 
fits that of tetrahydro-8-naphthylamine, leucine, and glutaminic acid ; 
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other substances containing the group i , such as alanine, 
2 


do not undergo optical inversion, probably because in their additive 
compounds, R’ or R’, but not H, on the carbon atom, and X on the 
nitrogen atom, are at a distance apart comparable with that separating 
H and X attached to the nitrogen atom alone. 

The incompatibility of the environments of the tetrad carbon atom 
and the pentad nitrogen atom may well be responsible for the peculiar 
course taken by many reactions involving the conversion of triad 
into pentad nitrogen, and vice versd, reactions such as those concerned, 
for instance, in the interconversions of isomeric oximes, 
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VIl—The Alkaloids of Corydalis cava. Conversion 
of Corybulbine into Corydaline. 


By James J. Dossiz, D.Sce., M.A., ALExanpER Lauper, B.Sc., 
and Puotios G, PALIATSEAS. 


Ir has been shown in a previous paper (Trans., 1894, 65, 25) that the 
formula of corybulbine differs from that of corydaline by CH,, and 
that the former alkaloid contains only three methoxyl groups, whilst 
the latter contains four. Having regard to this relation between the 
formule of the two substances, and to the fact that corybulbine is 
readily soluble in caustic alkalis, in which corydaline is insoluble, and, 
as shown in this paper, forms an acetyl derivative, the two alkaloids 
would appear to be related to one another in the same manner as 
morphine, C,,H,,ON(OH),, and codeine, C,,H,,ON(OH)-OOH,, cory- 
daline being the higher homologue of corybulbine. 

The present paper contains an account of the experiments by which 
this supposed relation was established and the one alkaloid converted 
into the other. 

When corydaline and corybulbine are treated with hydrogen iodide, 
the methoxyl groups which they contain are replaced by hydroxyl 
radicles. If corybulbine and corydaline are related to one another in 
the manner above suggested, the phenolic derivatives yielded by the 
two alkaloids should be identical. This was found to be the case. 

The relation of the two alkaloids to one another having been thus 
established, the conversion of corybulbine into corydaline by the 
methods formerly employed in similar cases was next successfully 
attempted. In 1881, Grimaux converted morphine, C,,H,,ON(OH), 
into codeine, C,,H,,ON(OH)*OCH,, by treating it with methyl iodide 
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in presence of potassium. hydroxide (Compt. rend., 1881, 92, 1140, 
1228 ; 98, 67, 217) and ten years later, Grimaux and Arnaud converted 
cupreine, C,,H,.N,(OH),, into quinine, C,,H,.N,(OH)-OCH,, by the 
same method (Compt. rend., 1891, 112, 766, 1364 ; 1892, 114, 548, 672), 
By similar treatment, corybulbine is converted without difficulty into 
corydaline. The yield, however, is much larger than that obtained by 
Grimaux in the case of quinine. The corydaline formed can be 
isolated without difficulty, since the solubility of corybulbine in sodium 
hydroxide affords a means of separating any unchanged corybulbine, 
and the methiodides of both alkaloids being unstable in hot solution, 
no complication in effecting the separation is caused by their presence, 
The corydaline thus prepared, and the salts which we have ex- 
amined, agree in all respects with the natural alkaloid and its 
corresponding salts. 

The position of the hydroxyl group in corybulbine has not yet been 
definitely ascertained, but the evidence, so far as it goes, points to its 
presence in the isoquinoline nucleus. When corydaline is oxidised with 
nitric acid, it readily yields corydic acid, C,,H,N(OCH,),(CO,H),,4H,0 
(Trans., 1897, '71, 657), which contains an tsoquinoline nucleus. This 
acid, on further oxidation, yields, amongst other products, metahemi- 
pinic acid, [(CO,H), :(OCH,),=1:2:4:5], but no hemipinic acid 


[(CO,H), :(OCH,),=1:2:3:4]. Since corydaline on oxidation yields 
both hemipinic and metahemipinic acids, the benzene ring from which 
the former acid is derived must be the ring which is destroyed by the 
oxidation with nitric acid. If the hydroxyl group of corybulbine 
occurred in this ring, we should expect to obtain corydic acid on 
oxidising the alkaloid with nitric acid. All attempts, however, to 
obtain this acid from corybulbine have hitherto failed. 


EXPERIMENTAL. 
Action of Acetic Anhydride on Corybulbine. 


Corybulbine was dissolved in a considerable excess of acetic anhy- 
dride, and the solution boiled for 4—5 hours under a reflux condenser. 
The greater part of the acetic anhydride was then distilled off under 
reduced pressure, and the concentrated solution set to crystallise in 4 
desiccator. The product, which separated as a thick crystalline crust, 
was crystallised from carefully dried alcohol, from which it separated in 
tufts of slender, colourless needles melting at 160°. It was dried over 
sulphuric acid, and, on analysis, proved to be acetylcorybulbine, 
C,,H,,N(OCH,),*O°C,H,0. 


0°2676 gave 0°6820 CO, and 0:1736 H,O. C=69:50; H=7:20. 
C.,H,,O,N requires C= 69°47 ; H = 6°87 per cent. 


THE ALKALOIDS OF CORYDALIS CAVA, 


Action of Hydrogen Iodide on Corybulbine. 


The corybulbine was boiled with a strong solution of hydrogen 
iodide under a reflux condenser until all the methyl iodide was ex- 
pelled, 2 grams of corybulbine and 20 c.c. of hydrogen iodide being 
used for each operation. The crystalline solid which separated on 
cooling was collected by the aid of the pump, well pressed between 
filter paper, and then recrystallised several times from water. The 
fine yellow crystals thus obtained were exactly similar in appearance 
to those of the corresponding substance prepared from corydaline. Both 
substances behaved in precisely the same way when heated side by 
side in capillary tubes, melting at about 270° to a clear brown liquid ; 
both dissolve easily in water or alcohol, but only sparingly in ether, 
and not at all in chloroform. The iodine in the hydriodide obtained 
from corybulbine was estimated by Carius’ method in the substance 
dried at 100°. 


0°2813 gave 0°1496 AgI. I=28°73. 
C,,H,,N(OH),,HI requires I= 28-79 per cent. 


Conversion of Corybulbine into Corydaline. 


The corybulbine used for this purpose was purified from traces of 
corydaline by dissolving in potassium hydroxide, in which corydaline 
is insoluble, and subsequently precipitating with carbon dioxide. 
It was afterwards repeatedly recrystallised from alcohol. The purified 
corybulbine, in quantities of 25 grams at each operation, was boiled 
under a reflux condenser for 15—-20 hours with the equivalent quantity 
of methyl iodide and potassium hydroxide dissolved in methyl alcohol. 
After cooling, the contents of the flask were filtered. The residue 
was found to consist almost entirely of unaltered corybulbine, which is 
very sparingly soluble in cold alcohol. The filtrate, which contained 
corydaline mixed with a small quantity of corybulbine, was evaporated 
to dryness and dissolved in dilute hydrochloric acid. The corydaline 
was then precipitated from the acid solution with excess of potassium 
hydroxide and afterwards boiled repeatedly with the alkali, to get rid 
of the last traces of corybulbine. The crude corydaline was washed 
with water until free from alkali, and recrystallised repeatedly from 
alcohol. Under these conditions we found that from 25 to 30 per cent. 
of the corybulbine was converted into corydaline. The purified 
substance was dried at 100° and analysed, with the following results : 


0'2515 gave 0°6586 CO, and 0°1740 H,O. C=71:41; H=7-68, 
04088 ,, 01089 Pt. N=3:84. 
C,,H,,0,N requires C=71:54 ; H=7°32 ; N=3°79 per cent. 
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The corydaline thus obtained was carefully compared with the 
natural alkaloid. Specimens of the two were heated side by side in 
capillary tubes, and were found to behave in exactly the same way, 
both of them melting at 135°, The solubilities of the two substances 
in alcohol, ether, chloroform, benzene, or carbon disulphide were com- 
pared, but no difference could be detected between them. 

The specific rotatory power was determined, with the following 
result : 


d 20°/4°, 0°7961 ; o, 0°7251; J, 2 dem. ; az” +4°6°; [a]3? +317-1° 


Two determinations of the specific rotatory power of the natural 
alkaloid gave [a]j” = +311° and + 309°5° (Trans., 1895, 67, 17). 


Platinichloride of synthetical Corydaline.—The platinichloride of syn- 
thetical corydaline was prepared by dissolving the alkaloid in dilute 
hydrochloric acid and precipitating with ;platinic chloride. The pale 
yellow precipitate was collected and washed with cold water till free 
from acid. It was dried at 100° for analysis : 


0°3058 gave 0°0517 Pt. Pt=16°90. 
(C..H»,0,N),.,H,PtCl, requires Pt = 16°97 per cent. 


The salt was exactly similar to corydaline platinichloride in appear- 
ance, and the behaviour of the two substances, when heated side by 
side in capillary tubes, was identical. Both softened at 194°, began to 
decompose at 203°, and were completely decomposed at 210°. The two 
salts were compared as regards their solubility in water, alcohol, and 
ether, and were found to agree in all respects. 

Ethyl Sulphate of synthetical Corydaline.—This salt is easily prepared 
by adding a solution of potassium ethyl sulphate to a solution of the 
sulphate of synthetical corydaline. It forms large, colourless, prismatic 
crystals, and is identical in appearance with the corresponding salt of 
the natural alkaloid, The two salts, when heated side by side in capillary 
tubes, melt between 150° and 160° to a clear yellow liquid. No difference 
could be detected between the solubility of the two salts ; both are easily 
soluble in hot water, alcohol, or chloroform, but only sparingly so in 
cold water, and insoluble in ether. 

The hydriodides of the natural and artificial alkaloids were also 
compared and found to be identical. 
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VIIl—Relationships of Oxalacetic Acid. 


By Henry J. Horstman Fenton, F.R.S,, and Humparey Owen 
Jones, B.A., B.Sc. 


Ir has been shown by the authors in a previous communication (Trans., 
1900, '77, 77) that malic acid, when oxidised by hydrogen dioxide in 
presence of ferrous iron, gives free oxalacetic acid, and that the latter 
may readily be isolated by extraction with ether under certain con- 
ditions, Some of the properties of the acid were then described, and 
the present paper gives an account of further studies in this direction. 
Special attention is given to such reactions as necessitate the use of 
the free acid rather than its esters, since the latter have been well in- 
vestigated. 

‘Action of Phenylhydrazine.—It was previously shown that on mix- 
ing molecular proportions of phenylhydrazine acetate and oxalacetic 
acid in aqueous solution, in the cold, the hydrazone is precipitated and 
is obtained on recrystallisation from ether in the form of colourless, 
transparent prisms.* This substance when heated turns yellow and 
decomposes without melting at about 95°, and on crystallising the 
resulting product from hot alcohol pale yellow needles are obtained 
which melt at 192°. 

It was shown in the previous paper that when the hydrazone of 
oxalacetic acid is heated with excess of dilute sulphuric acid, it is 
changed almost immediately into a crystalline mass consisting of 
1-phenyl-5-pyrazolone-3-carboxylic acid, identical with that previously 
obtained from the esters by Wislicenus and by Buchner. No visible 
evolution of gas o¢curs in this reaction. It has now been observed 
that if pure water be substituted for the dilute acid, a brisk evolution 
of carbon dioxide takes place ; the whole goes into solution, and almost 
immediately a crystalline precipitate separates. This, when recrystal- 
lised from alcohol, separates in pale yellow needles which melt at 192°, 
and is evidently identical with the product obtained by the action of 
heat alone. It coincides exactly in melting point and other properties 
with the hydrazone of pyruvic acid. On analysis the following results 
were obtained : 

* That this is the hydrazone, and not the hydrazide, is proved by its behaviour as 
adibasic acid. For example: 

0°3940 required 33°9 c.c. of V/10 KOH for neutralisation, the calculated amount 
being 35°5 cc. 

A solution of the substance in dilute alcohol was precipitated with excess of silver 
nitrate dissolved in the same solvent, the resulting salt being washed, and dried in 
& vacuum desiccator in the absence of light. 


0°2883 gave 0°1428 Ag, Ag=49°77. CO, »H,O,N,Ag, requires Ag= 49°54 per cent, 
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0°1506 gave 0°3334 CO, and 00761 H,O. C=60°37; H=5°61. 
C,H,,0,N, requires C = 60°67 ; H=5-61 per cent. 


The changes which take place are therefore represented as follows ; 


(1) When excess of dilute sulphuric acid is used : 
Oo Hy90,N2 = CjpHO,N, + H,0, 


(2) when water only is employed : 
© 9H pOgNo = CoN, (ON, + CO. 


When the concentration of the acid falls below a certain value, both 
reactions occur simultaneously, and the nature of the change can 
easily be followed by measurement of the evolved 
carbon dioxide. Using decinormal sulphuric acid, 
for example, about 26 per cent. of the hydrazone 
was found to undergo the second change, and the 
proportion of carbon dioxide became less and less 
as more concentrated solutions of the acid were 
employed, until with acid of about normal strength 
the amount of gas was not perceptible. Experi- 
ments were now made with other acids, using 
decinormal solutions and making the conditions 
exactly the same in each case, and it will be seen 
that the stability of the hydrazone, as regards 
retention of the 4-carbon molecule, is evidently 
a function of the concentration of the hydrogen 
ions. The experiments were made by placing 
about 0:1 gram of the hydrazone in a tube having 
a capacity of about 15 c.c., covering it with 75 
c.c. of the decinormal acid, and heating to boiling 
for about 2 or 3 minutes in a water-bath. The 
evolved carbon dioxide was collected in a Lunge’s 
nitrometer, the residual gas swept out of the tube 
by a current of about 40 c.c. of purified air, and 
the estimation made by absorption with potash in the usual manner. 
The accompanying sketch will give an idea of the apparatus employed. 

A preliminary experiment was made with pure Iceland spar in order 
to test the apparatus, and the result showed that the accuracy was 
well within the limit desired for the purpose, as 0°1065 gram gave 
23°6 c.c. of carbon dioxide (corr.), the calculated volume being 
23°8 c.c. 

The order obtained in the table on p. 93 very closely approximates to 
that of the relative strengths or ‘affinities’ of the acids as measured 
by the well-known methods. In the case of trichloroacetic acid (with 
regard to which there was at one time a discrepancy), it is probable 
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that the high result is due to hydrolytic action at the temperature 
employed. 

It would appear, therefore, that the process described affords a 
very simple method of comparing the affinities of acids at 100°, that 
is, of placing them in ‘order of merit.’ The exact interpretation of 
the numbers themselves can scarcely be arrived at from the few and 
relatively rough determinations here recorded, but the authors hope 
to make more extended observations in this direction. If it be admit- 
ted, as above conjectured, that the results depend upon the con- 
centration of the hydrogen ions, it is easy to understand why 
the full proportion of carbon dioxide is not obtained even in the 
case of pure water, since the resulting product is also an acid, and 
therefore tends to increase the stability of the still undecomposed 
hydrazone. 


, Weight of Corrected volume} CO, for 1 gram 
Nature of acid. substance. of CO,. substance. 


16°6 
17°4 
25°8 
27°0 
50°8 
66-9 
68-2 
721 
73°3 
78°6 
90°0] 


0°0992 
Hydrochloric 0°0993 
Sulphuric 0°0990 
Ian citidin nce onectiics 0°1050 
Trichloroacetic 0°0980 
Tartaric 0°0990 
0°0990 
0°0998 
0°0995 
6°0984 
0°1200 


CUINNAAQWNOD HH 
ONIBDNH WA SWAWA 
SNOHADARAWA 


_ 


Action of Hydrazine.—When well cooled alcoholic solutions of 
oxalacetic acid and hydrazine hydrate are mixed in molecular propor- 
tion, the mixture being surrounded by ice and salt, an immediate 
turbidity is produced and a heavy oil separates which is quickly 
changed to a hard, white, apparently amorphous mass. This was 
separated from the liquid, the examination of which will be described 
below, thoroughly ground with several changes of absolute alcohol 
and dried in a vacuum desiccator. The yield was about half the 
weight of acid taken. It dissolves easily in cold water, the solution 
gives a red colour with ferric chloride, and quickly reduces Fehling’s 
solution in the cold. It melts sharply and with violent decomposition 
at 99°. On analysis, the following results were obtained : 


0:1656 gave 01614 CO, and 0:0835 H,O. C=2658; H=5-°60. 
01041 ,, 28-6c.c. nitrogen at 185° and 734mm. N=31'17. 
C,H,,0,N, requires C= 26°97 ; H=5-61 ; N=31-46 per cent. 


The substance is therefore the hydrazine salt of the hydrazone, or of 
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the hydrazide of oxalacetic acid, CO,H*C(N,H,)*CH,°CO,H,N,H, or 
CO,H-CO-CH,-CO-N,H,,N,H,.* 

When an aqueous solution of this product is heated for a short time 
in a water-bath it undergoes a marked change. The solution now 
gives with ferric chloride a very intense brownish-violet colour, and 
after concentration the solution sets to a soft mass which is seen 
under the microscope to consist of long, transparent prisms. These, 
after washing with alcohol and drying in a vacuum desiccator, melted 
at 196°. On analysis, the following result was obtained : 


0°1696 gave 58°6 c.c. nitrogen at 20° and 737 mm. N=39°16. 
C,H,O,N, requires N = 39°43 per cent. 


Rothenburg (Ber., 1892, 25, 3441), by the action of hydrazine 
hydrate on ethyl oxalacetate, obtained (1) a product easily soluble in 
alcohol, which is the ester of pyrazolone-3-carboxylic acid, and (2) 
one nearly insoluble in alcohol which melted at 238°, and had the 
_ composition C,H,O,N,. The latter he considers to be the hydrazide of 
pyrazolone-3-carboxylic acid (Pyrazolon-3-carbonylhydrazin), 


NH—N 

bo. on, NH-NH,,. 
It appears highly probable that this second product is identical with 
the one obtained in the present case, although there is considerable 
discrepancy as to the melting point. 

The alcoholic solution which remained after separating the hydrazine 
salt above described was allowed to evaporate in a vacuum desiccator, 
and the partly solid residue was treated with cold water. In this way 
a nearly white, granular residue was left which is very sparingly 
soluble in cold water, and separates from boiling water in minute 
crystalline aggregates. For analysis, it was purified by dissolving in 
alcohol, precipitating with ether and light petroleum, and drying in 4 
vacuum. It turned dark brown, or nearly black, without melting, at 
about 260—270°. On analysis: 


01110 gave 0°1514 CO, and 0°0353 H,O. C=37:20; H=3'53. 
01102 ,, 20°9 c.c. nitrogen at 20° and 735 mm. N-=21°46. 
C,H,0,N, requires C= 37°50; H=3:12 ; N= 21°87 per cent. 


- 


This product therefore corresponds entirely in composition and pr0- 
perties with the pyrazolonecarboxylic acid which Rothenburg obtained 
from the ester above mentioned by hydrolysis with alkalis or con 
centrated hydrochloric acid. 

Action of Hydroxylamine.—When an alcoholic solution of hydroxyl- 
amine, prepared by Wohl’s method (Ber., 1893, 26, 730) is mixed 


* This composition explains the comparatively small yield, since only one mol. of 
hydrazine was employed, 


—-_ 2 i ate ok 


nol, of 
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with oxalacetic acid, also dissolved in alcohol, in molecular proportion, 
a turbidity is produced which almost immediately disappears, and the 
solution after standing for some hours and evaporation in a vacuum 
desiccator leaves a thick syrup which sets to a white, crystalline mass 
on stirring or on long standing. This when recrystallised from 
anhydrous ether melts and decomposes with violent frothing at 133° 
when gradually heated, or 142—143° if quickly heated. It is very 
soluble in water or alcohol, but less so in ether ; with ferric chloride, the 
solution gives a brownish or yellow colour. On analysis: 


0'1758 gave 02135 CO, and 0°0550 H,O. C=33:12; H=3-47. 
C,H,0,N requires C= 32°65 ; H=3-40 per cent. 


When the substance is mixed with excess of acetic anhydride or 
acetyl chloride, it dissolves, and if the resulting solution be allowed 
to stand for a day or two and then kept in a vacuum desiccator over 
solid potash and sulphuric acid, the product on treatment with water 
gives an intense tndigo-blue colour with ferric chloride. 

Piutti (Chem. Centr., 1888, 68; Gazz., 1888, 18, 457), by the action 
of the sodium derivative of ethyl oxalacetate upon hydroxylamine 
hydrochloride, obtained the compound (CO,Et),*CH,°C:NOH, and the 
compound CO,Et-CH,-C(NOH)-CO,H by partial hydrolysis, From 
the latter, Cramer (Ber., 1891, 24, 1206) obtained the free acid 
B-oximidosuccinic acid or the ‘oxime of oxalacetic acid.’ This melted 
at 88° and gave a characteristic blue colour with ferric chloride.* 

Ebert (Annalen, 1885, 229, 76), by the action of nitrous acid on ethyl 
succinosuccinate, had obtained an acid having the same composition, 
but this decomposed with frothing at 126°, and gave, with ferric chloride, 
a brown or yellow colour. Cramer (Joc. cit.) showed that these two 
acids are stereoisomerides, and gives reasons for assigning to them the 
following constitutions (see also Hantzsch, Ber., 1891, 24, 1192) : 


00,H*¢*CH,"CO.H qari, 

HO'N 

CO,H*C*CH,*00,H 
N-OH 


By the action of concentrated sulphuric acid, acetyl chloride, or acetic 
anhydride the a-acid (or its compounds) can be transformed into the 
&-form, the product then giving the characteristic blue or violet colour 
with ferric chloride. 

It would naturally have been expected that the action of hydroxyl- 


a-acid (Ebert’s) 


B-acid (Cramer’s) (stable). 


* From the somewhat high percentage of carbon in the product obtained in the 
present case, it is possible that it is not absolutely pure ; the numbers, however, are 
practically identical with those obtained by Cramer, who found C=83°16 and 33°22 ; 
H=3'10 and 3°16 per cent. 
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amine upon free oxalacetic acid would give rise to the B-acid, but this 
evidently is not the case. The properties of the product obtained in 
the present case closely resemble those of Ebert’s a-acid, and the action 
of acetic anhydride transforms it into a derivative of the B-form. This 
difference between the behaviour of the free acid and the ethyl ester 
may possibly be due to the tautomeric difference previously suggested 
(Michael and Bucher, Ber., 1896, 29, 1792). 

Action of Ammonia.—By mixing together alcoholic solutions of oxal- 
acetic acid and ammonia in different proportions, white precipitates are 
immediately produced which, after washing with alcohol and drying in 
a vacuum desiccator, have a composition varying between that required 
for a normal and an acid salt. If, however, a fairly dilute solution of 
the acid in absolute alcohol be poured into an excess (slightly more 
than 3 mols.) of alcoholic ammonia with continuous and vigorous shak- 
ing, the precipitate obtained, after washing and drying as before, 
corresponds in composition to the normal salt. 


0°1638 gave 24°9 c.c. nitrogen at 22° and 750 mm. N=17:27. 
0,H,0,,2NH, requires N = 16°86 per cent. 


The salt melts and decomposes at 75—77°, giving a yellow liquid 
which solidifies to a crystalline mass on cooling. It has a neutral re- 
action, and gives a deep red colour with ferric chloride. When the 
ammonium salt is’ left exposed to the air, it is transformed into a yellow, 
gummy mass which no longer gives the red colour with ferric chloride. 

In order to ascertain whether a further action of ammonia could be 
induced, the ammonium salt was heated in a stoppered bottle for some 
hours at 100° with alcoholic ammonia in large excess. A white, crys- 
talline crust of ammonium carbonate was obtained, and a yellow, gummy 
mass separated at the bottom of the vessel (the alcoholic liquid left only 
a trace of residue on evaporation). This gammy mass was dissolved 
in water and acidified with dilute sulphuric acid. A white precipitate 
was thus obtained which, after washing and drying, melted and decom- 
posed at 273°, gave a reddish-yellow colour with ferrous sulphate and 
appeared to agree in all respects with the methylpyridinecarbouylic acid 
(m. p. 274°) which Béttinger (Annalen, 1877, 188, 330) obtained by 
the action of alcoholic ammonia on pyruvic acid. 

Action of Urea.—On mixing alcoholic solutions of oxalacetic acid 
(1 mol.) and urea (rather over 2 mols.) and allowing the mixture to 
stand in a vessel surrounded by ice, a crystalline precipitate is formed 
on stirring. This, when washed with alcohol and dried in a vacuum, 
melts and decomposes at 124° and has the composition of a normal 
urea salt. 

0°1866 gave 23°5 c.c. nitrogen at 17° and 747 mm. N=14°62, 

0,H,0,,2CON,H, requires N = 14°58 per cent. 
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The salt is fairly easily soluble in water and gives a deep red colour 
with ferric chloride. When heated alone or with phosphorus oxy- 
chloride, it yields crystalline products which have not yet been 
examined. 

Action of Aniline.—When ethereal solutions of the acid and aniline 
are mixed in molecular proportion, a white precipitate is formed which 
melts at 65—66°. An aqueous solution of this salt remained clear for 
over a week and gave no precipitate on boiling. If the enolic formula 
be ascribed to oxalacetic acid, this observation would further confirm 
the hydroxyfumaric constitution as suggested by Nef and by Michael 
(compare Michael, Ber., 1886, 19, 1372; Michael and Bucher, Joe. 
cit.). 

Action of Benzylphenylhydrazine.—On mixing oxalacetic acid, dis- 
solved in a smal] quantity of water, with benzylphenylhydrazine dis- 
solved in acetic acid, in molecular proportion, and cooling the mixture 
with ice, a certain quantity of gummy substance separates at first, but 
after standing for several hours a nearly white precipitate is obtained. 
This was collected and washed, first with strong and then with dilute 
acetic acid, dried in a vacuum desiccator, and crystallised from ether. 
It melted at 105—106°. 


0'1207 gave 10°4 c.c. nitrogen at 18° and 757 mm. N = 10°10 percent. 


The substance is therefore probably not an oxalacetic acid derivative 
(the benzylphenylhydrazone of which would require N = 8:9 per cent.), 
but the corresponding hydrazone of pyruvic acid, C,,H,,0,N,, which 
requires N = 10°44 per cent. 

On using alcoholic solutions of the acid and the hydrazine, a yellow 
gum is obtained, which never quite solidifies, even on long standing in a 
desiccator. By treating this with light petroleum and dissolving the 
residue in ether, a certain amount of yellow, crystalline substance was 
obtained, but the quantity was too small for examination. 

Oxidation of the Acid.—When an aqueous solution of the acid is 
acted upon by bromine in molecular proportion, a product is obtained, 
as was previously shown, which gives an intense bluish-violet colour 
with ferric chloride in presence of caustic alkalis, whilst this on 
acidification with dilute sulphuric acid is changed to a transient 
emerald green. The colour-changes, in fact, exactly resemble those 
given by hydroxymaleic acid with the same reagents (Trans., 1894, 
65, 904). If other solvents, such as acetic acid or ethyl acetate, 
be employed instead of water, a similar result is obtained, but the 
violet colour appears more slowly. It is probable that a bromo-acid 
(bromoxalacetic or bromohydroxyfumaric acid) is first produced and 
then hydrolysed. On evaporating the acetic acid or ethyl acetate 
solution in a vacuum, or by extracting the aqueous product with 
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ether, a thick syrup is obtained which does not crystallise but still 
gives the ferric chloride reaction.* 

A product giving similar colour reaction is obtained when oxalacetic 
acid is oxidised with the calculated quantity of hydrogen dioxide in 
presence of ferrous iron, or when malic acid is so oxidised, using 
nearly two atoms of oxygen to one molecule of the latter acid. 

All attempts to isolate this colour-giving acid have so far been unsuc- 
cessful. It is evidently very unstable and does not separate under the 
same conditions as those employed in the isolation of dihydroxymaleic 
acid nor can it be extracted with ether. The authors are, therefore, 
inclined to the opinion that it is isomeric and not identical with the 
latter acid, being probably the ketonic modification, 


CO,H-CO-CH(OH)-CO,H. 


Further light is thrown upon this question by the action of phenyl- 
hydrazine. It was shown that the solution obtained by oxidising 
malic acid in presence of iron gives with phenylhydrazine in the 
cold a voluminous orange precipitate, which by recrystallisation from 
hot chloroform is obtained in brilliant orange needles melting at 
217—219°. This product gave very constant results on analysis, 
the mean of four concordant analyses made with distinct specimens, 


prepared on different occasions, giving, 
C=63°20; H=5°17; N=20-16 per cent.t 


These numbers do not correspond to those required for a derivative of 
oxalacetic acid, but to a more oxidised product, and since no such 
compound can be obtained by the direct action of phenylhydrazine on 
oxalacetic acid, it is probable that it is the result of further oxidation 
by the hydrogen dioxide, which attacks a portion of the oxalacetic 
acid as fast as it is formed. It can, in fact, be prepared by oxidising 
oxalacetic acid in presence of ferrous iron, or by adding a further 
quantity of the dioxide in the oxidation of malic acid, and subsequent 
addition of phenylhydrazine acetate. Prepared in the latter manner, 
the recrystallised product melted at 223—224°. On analysis, the 


following result was obtained : 
0°1259 gave 0°2909 CO, and 0°0561 H,O. C=63°01; H=4°94. 


* When excess of bromine was employed and the mixture heated, crystalline 
plates were obtained which no longer gave the above reaction. They melted at 
about 92° and gave, on analysis, Br=64°61 per cent. This product is evidently 
dibromopyruvic acid, which requires Br=65°04 per cent. 

+ The properties of this substance are, in some respects, very similar to those of 
the osazone of hydroxypyruvic acid discovered by Nastvogel, and in composition 
the two substances do not differ widely. C,,;H,,N,O, requires C=68°82, H=4'96, 
N=19°85 per cent. The two compounds are, however, at once distinguished by 
the melting points and by other properties which will be described below. 
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These numbers correspond to those required for a derivative ob- 
tained by the addition of three molecules of phenylhydrazine to one 
molecule of either dihydroxymaleic or dioxosuccinic acid,* with elim- 
ination of three molecules of water. 

0,H,0,+ 3N,H,Ph — 3H,0 requires C= 63°15 ; H=5:26 ; N= 20°09 

per cent. 

C,H,0, + 3N,H,Ph —3H,0 requires C = 63°46 ; H=4°80; N=20°19 

per cent. 


In order to throw light upon the constitution of the compound, the 
following experiments were made. 

The well dried substance was mixed with excess (about ten times 
its weight) of acetic anhydride and heated on a water-bath, when a 
considerable evolution of gas took place and a clear, dark coloured 
solution resulted. The latter, on standing, deposited a mass of orange 
crystals, which when recrystallised from hot alcohol appeared in the 
form of beautiful, bright, orange-red needles melting at 149—150°. 
On analysis : 


0:1502 gave 0°3729 CO, and 0°0616 H,O. C=67-72; H=4°55. 
C,,H,,ON, requires C=68°18 ; H=4°54 per cent. 


The composition, melting point, and other properties of this product 
show that it is identical with that which Knorr obtained by the action 
of acetic anhydride upon the osazone of hydroxypyruvic acid (Ber., 
1888, 21, 1201), and which Will prepared from the same source by 
the action of hydrogen chloride in alcoholic solution (Ber., 1891, 24, 
3831). It was also obtained by Knorr (loc. cit.) by heating the corre- 
sponding pyrazolonecarboxylic acid at its melting point, and was 
shown by him to be phenylhydrazineketophenylpyrazolone, 

NPh-CO 
N—cHoC:N:NHPh. 

This being a derivative from a 3-carbon acid, it was important to 
ascertain the nature of the other products of the reaction; and the 
experiment was therefore repeated in such a manner that the gaseous 
product could be displaced by a current of inert gas, the substance 
being heated with acetic anhydride as before, a current of purified 
nitrogen passed through the flask, and the product collected in an 
excess of lime-water. In this way, abundant evidence of the presence 
of carbon dioxide was obtained. After the resulting mixture had 
been allowed to stand for a day or two, the mother liquor from the 
crystals was mixed with excess of sodium hydroxide solution and 


* That is ‘anhydrous’ dihydroxytartaric acid, CO,H*CO*CO°CO,H. Compare 
Anschiitz and Parlato (Ber., 1892, 25, 1977). 
H 2 
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distilled in steam, when a notable quantity of aniline was found in 
the distillate, 

These experiments fairly well establish the fact that the substance 
in question is a 4-carbon derivative, and it must therefore be regarded 
either as 


(1) The dihydrazide-hydrazone of the ketonic acid, ‘ 


0-CO,H 
H(OH):CO,H’ 
tautomeric with dibydroxymaleic acid, or as 

(2) The monohydrazide-dihydrazone of dioxosuccinic acid.* 


C(N,HPh)-CO-N,H,Ph ‘nba ie 3 
(1) GH(0H)-CO-N,H,Ph  ° (2) O(N, HPh)-CO-N,H,Ph ° 


In the first case, the formation of aniline can easily be explained 
by the oxidation of the CH-OH group by phenylhydrazine, and the 
change might bé expressed by the equation 


C,,H,.0,N, = C,;H,.N, + CO, + NH,. 


The second formula, however, perhaps better explains the acidic 
character of the substance (for example, the formation of a crystalline 
sodium salt when heated with sodium carbonate solution), and in this 
case the production of aniline must be accounted for in the decompo- 
sition of the phenylhydrazine residue by heat (compare Reissert and 
Kayser, Ber., 1890, 23, 3703). 

In either case, the initial product would be the ketonic acid, 
CO,H-CO-CH(OH):CO,H. It has already been suggested (Fenton, 
Trans., 1896, 69, 547) that dihydroxymaleic acid may undergo 
tautomeric change into this form, and further evidence in this direc- 
tion will be afforded in a subsequent communication. 

Experiments were therefore made in order to ascertain whether the 
product at present under discussicn could be produced from dihydroxy- 
maleic acid. 

It has previously been shown (ibid., 548) that by the action of 
phenylhydrazine on this acid in acetic acid or alcoholic solution, the 
normal phenylhydrazine salé is produced, C,H,O,,2N,H,Ph. This 
salt was now heated on a water-bath with excess (about 2 mols.) of 
phenylhydrazine acetate and water for about 2 hours. The result 
was an orange-coloured product, which, when recrystallised from hot 
chloroform, melted at 222° and had all the properties of the malic acid 
derivative under discussion. 


0°1210 gave 20°8 c.c. nitrogen at 20° and 756 mm. N = 19°98 per cent. 


* It might, of course, be the phenylhydrazine salt of the corresponding pyrazolone- 
carboxylic acid ; but this is improbable from the fact that the sodium salt, when 
decomposed by hydrogen chloride, gives back a product which melts practically at 
the same temperature, and appears to be identical with the parent substance, 
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Reviewing the whole of this evidence, the authors are inclined to 
prefer the second formula suggested for the substance, that is, to re- 
gard it as the monohydrazide-dihydrazone of dioxosuccinic acid, since 
it seems improbable that the CH*OH group represented in the first 
formula would resist the action of phenylhydrazine in the experiment 
last recorded ; this formula also agrees somewhat better with the 
results of analysis. 


Summary. 


The principal results obtained in the present investigation may 
briefly be summed up as follows. 

Oxalacetic acid by interaction with phenylhydrazine yields the phenyl- 
hydrazone, OCO,H*CH,*O(N,HPh)*CO,H, which readily loses carbon 
dioxide when heated with pure water giving the hydrazone of pyruvic 
acid. This decomposition is prevented by acids if the latter are of suffi- 
cient concentration, the result in thiscase being phenylpyrazolone-3-carb- 
oxylic acid. By comparing the influence of different acids in this respect, 
it is easy to compare their relative ‘ strengths’ or ‘ affinities.’ 

Hydrazine hydrate gives the hydrgeime salt of the hydrazone 
CO,H-CH,°C(N,H,)°CO,H,N,H, -together with Rothenburg’s pyrazo- 
lonecarboxylic acid. The first named salt when heated with water 
gives a white, crystalline compound which is probably the hydrazide of 
the latter acid. 

Hydroxylamine gives rise to the compound CO,H-CH,*C(NOH)-CO,H 
which contrary to expectation appears to be identical with Ebert’s 
a-oximidosuccinic acid and not the B-compound. It yields, however, a 
derivative of the latter by action of acetic anhydride or acetyl chloride. 
* Ammonia and urea give the respective normal salts and the former 
salt, when heated with excess of alcoholic ammonia, gives a substance 
corresponding with Béttinger’s methylpyridinecarboxylic acid. 

When oxalacetic acid is oxidised with hydrogen dioxide in presence 
of iron, a product is obtained closely resembling dihydroxymaleic acid 
in properties but which has not yet been isolated. The authors give 
reasons for considering that this acid has the tautomeric formula 
00,H-CO-CH(OH)-CO,H. When treated with phenylhydrazine, this 
product gives a bright orange compound melting at 222—224°. The 
latter has been the subject of an exhaustive examination and the evi- 
dence leaves little room for doubt that it is the hydrazide-dihydrazone 
of dioxosuccinic acid. 
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[X.—Interaction of Urethanes and Primary 
Benzenoid Amines. 


By Aveustus Epwarp Drxon, M.D. 


In a paper published some years ago (Trans., 1895, 67, 562), the 
author gave, incidentally, a brief account of ab-phenyl-p-tolylcarb- 
amide ; this substance was prepared from phenyl isocyanate and 
p-toluidine, the melting point of a specimen only once recrystallised 
being 212—213° (corr.). The writer regarded the compound as new, 
having overlooked descriptions of it given by Huhn (Ber., 1886, 19, 2408), 
who records the melting point as 211°, and by Goldschmidt and 
Meissler (Ber., 1890, 23, 273); the latter chemists obtained it by 
heating p-tolyl isocyanate with thiocarbanilide, and give the melting 
point as 211° also ; whether corrected or otherwise is not mentioned in 
either case. 

These descriptions appear to have escaped the notice of Manuelli 
and Comanducci, who state in a recent paper (Gazz., 1899, 29, 
ii, 142) that it is produced by heating phenylurethane with p-toluidine ; 
a complete analysis is appended, and the melting point given as 
259—~260°. 

With a view to ascertain the cause of this discrepancy, some experi- 
ments were undertaken, of which an account is given helow. 

Amongst the acidic derivatives of urea, isomeric forms are now 
known to exist (compare Trans., 1899, '75, 375), and it struck the writer 
as just possible that the substance melting at 260° might be a ‘labile’ 
form of the symmetrical carbamide, forinstance, PhN:C(OH):NH°C,H,. 
The probability, however, of this being the explanation was slight, 
considering that phenylurethane and aniline yield ordinary carbanilide, 
CO(NHPh),, and not an isomeride (Wilm and Wischin, Annalen, 1868, 
147, 160); moreover, the .writer observed some years ago that the 
(sec.)-dibutylearbamide produced from butylurethane and butylamine 
(Trans., 1895, 67, 561) is identical with that obtained by desulphur- 
ising ab-(sec.)-dibutylthiocarbamide with silver nitrate. 

Before examining the interaction between phenylurethane and 
p-toluidine, it was decided to once more verify the melting point of 
ab-phenyl-p-tolylearbamide, notwithstanding that Paal and Van- 
volxem have also recorded it as 212° (Ber., 1894, 27, 2426); their 
preparation was made from phenyl isocyanate and p-toluidine, but it 
is not stated whether the melting point was corrected.* 

* It is hardly necessary to remark that, at these somewhat high temperatures, 
the correction is occasionally considerable, amounting to several degrees; the 
melting points recorded by the writer in the present paper are all corrected for the 

exposed thread of mercury. 


a 
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The urea was this time prepared by desulphurising the correspond- 
ing thiocarbamide (from phenylthiocarbimide and p-toluidine, m. p. 
141—142°) with silver nitrate. After recrystallisation from boiling 
alcohol, the substance was pure white, and melted at the temperature 
previously recorded, namely, 212—213° ; it occurred in long, flexible, 
flattened needles, having a brilliant, silvery lustre, becoming electrical 
on friction, and afforded, by wet combustion, 74°32 per cent. of carbon, 
against 74°29, calculated for C,,H,,ON,. It should be added that the 
melting point of this specimen, when several times recrystallised from 
alcohol, rose somewhat, becoming eventually constant at 215°. 

In the experiments with bases and urethanes, the method first 
adopted was to heat exactly equivalent proportions of the constituents 
in a sealed tube; but on learning subsequently that Manuelli and 
Comanducci had boiled them together in an open vessel under a reflux 
condenser, their preparations were carefully repeated under the pre- 
scribed conditions. 

Phenylurethane and p-Toluidine.—A very slight excess of the ure- 
thane was taken, the mixture being heated in a paraffin bath at about 
185° for 3 hours, using a tube as condenser. The product, when 
cold, formed a greenish-brown, friable, crystailine mass, penetrated by 
a dark oil, After washing with water acidified with hydrochloric 
acid, and then with spirit and ether, it became white; the yield of 
dry product amounted to something over 40 per cent. of the weight 
of materials employed. It was dissolved in the least possible quantity 
of boiling alcohol, in which it is rather sparingly soluble ; on cooling, 
a felted mass of pearly crystals was obtained, resembling thiocarb- 
anilide in appearance, and becoming highly electrical on friction ; the 
mother liquor gave a second crop of the same substance melting at 
260—261°. Presently a third crop of crystals separated, in flattened 
white needles, becoming moist at 212°, and melting, rather indistinctly, 
between 213° and 216°. This was no doubt phenyl-p-tolylcarbamide, 
containing a little of the substance of higher melting point ; a fourth 
crop melted at 213—214°, and was, consequently, the real phenyltolyl 
compound, practically pure, but the amount was not enough for 
analysis. 

The nitrogen in the substance melting at 260—261° was estimated : 


0:2 gave 20°4 c.c. nitrogen at 17° and 760 mm. N=11°83 per cent. 


Another determination gave 11°75 per cent. ; these figures are too 
low for phenyltolylcarbamide, or its possible isomeride, which would 
require N = 12°43 per cent. 

An examination of the oil, removed from the original crude product, 
showed it to contain a large amount of aniline. Once in possession of 
this fact, the course of the interaction becomes easy to understand ; 
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the p-toluidine, even though present in less than equivalent propor- 
tion, attacks to a greater or less extent the phenyltolylcarbamide first 
produced, the interactions running as follows : 


(I). PhNH-CO-OEt + C,H,-NH, = PhNH-CO-NH-C,H, + EtOH. 
(II). PhNH-CO-NH-0,H, + C,H,"NH, = PhNH, + CO(NA-C,H,),. 


The substance melting at 260—261° is thus di-p-tolylcarbamide 
(melting point 260°, Manuelli and Ricca-Rosellini, Gazz., 1899, 29, 
ii, 124) ; this requires N=11°70 per cent. ; the nitrogen found, as just 
stated, amounted to 11°83 and 11°75 per cent. 

A similar experiment was also performed in a sealed tube; in the 
first case, 14 grams were heated for 3 hours at 200°; in the second, 
17 grams for 4 hours at 210°, the latter giving a much better yield, 
Aniline was formed, together with a solid, which began to soften at 
250°, and was melted at 256°; by recrystallisation, this yielded di-p 
tolylearbamide, softening a little at 259°, and melting at 260—260°5°; 
the mother liquor gave a crop of needles, melting, after a couple of 
recrystallisations, at 211—212°, and consisting of phenyl-p-tolylcarb- 
amide. 

p-Tolylurethane and Aniline.—In this converse experiment, the above 
constituents were heated, under pressure, for 3 hours at 220—230°, the 
urethane being in very slight excess. Washing with spirit removed 
the adherent oil, and left a white solid, melting, somewhat indistinctly, 
at about 205—206° ; this was eventually resolved into a main quantity 
of phenyl-p-tolylearbamide melting at 213—214° (found N=12°3 per 
cent.), and a minimal quantity of a substance melting at about 
256—257°, probably di-p-tolylcarbamide, but the amount was in- 
sufficient for complete purification and analysis, only about 0°2 gram 
being obtained from 10 grams of material. In this case, no doubt, 
the aniline at first expels some p-toluidine from the phenyl-p-tolyl- 
carbamide, the change reversing itself to some extent with the free 
p-toluidine when the large excess of aniline has been diminished by 
interaction with the urethane. 

This experiment was also repeated by boiling the constituents in an 
open vessel, but no difference worth recording was observed in the 
phenomena, save that the only product isolated was the phenyl-p 
tolyl compound (m. p. found, 211°5—212°5°). From the above results 
it would appear that p-toluidine is much more active in expelling 
aniline than vice versd. 

Phenylwrethane and o-Toluidine.—Two experiments were made under 
pressure, the mixture in one case being heated for about half an hour 
at 270°, in the other, for three hours at 220°; no material difference 
was observed in the results. A dark-coloured solid was obtained, 
mixed with an oil, which gave the reactions of aniline; the former 
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became white on washing with alcohol and ether; it began to shrink 
at 224°, and melted, indistinctly, between 226° and 229°. It was 
boiled with a quantity of alcohol insufficient to dissolve it com- 
pletely, and the residue (which now shrank a little at 239° and 
melted about 242—243°), was recrystallised from the same solvent. 
It is rather sparingly soluble, and was deposited on cooling in slender, 
vitreous prisms melting at 249—250°. 

Obviously this substance could not be phenyl-o-tolylcarbamide, 
whose melting point, according to Huhn (Ber., 1886, 19, 2410), lies 
at 212°, or carbanilide (m. p. 238°); presumably, therefore, it was 
di-o-tolylearbamide. The melting points given by various observers 
for this compound are too divergent to be of much use for identifi- 
cation, but a nitrogen determination gave figures agreeing with those 
required for the ditolyl derivative, CO(NH-C,H,), : 


Found N=11'97. C,,H,,ON, requires N = 11-70 per cent. 


Out of the alcoholic extract, exceedingly fine needles separated in 
woolly-looking clumps; after a couple of recrystallisations they 
became soft at 202° and melted at 203—204°; they proved to consist 
of nearly pure phenyl-o-tolylcarbamide : 


Found N=12°6. ©,,H,,ON, requires N = 12°43 per cent. 


An experiment made by heating the constituents together at 185° 
in a reflux apparatus for 4 hours gave similar results, save that 
a rather larger proportion of the phenyl-o-tolyl derivative was 
obtained. 

The melting point just recorded for the latter compound lies a good 
deal below that given by Huhn, who obtained the substance (loc. cit.) 
from carbophenyl-o-tolylimide and weak alcohol; this lowness, it 
seemed, might be due to the presence of traces of di-o-tolylearbamide, 
since the latter is less soluble in alcohol than phenyl-o-tolylcarbamide ; 
however, to make certain, the compound was again prepared, first by 
desulphurising ab-phenyl-o-tolylthiocarbamide (m. p. 142°) with silver 
nitrate, and next by combining phenyl isocyanate with o-toluidine. 
When several times recrystallised from strong alcohol, both products 
were deposited in very minute needles melting at 207—208°. 


Found N=12°5. ©,,H,,ON, requires N = 12°43 per cent. 


Phenyl-a-naphthylearbamide.—Amongst other compounds described 
in Manuelli and Comanducci’s paper is a symmetrical phenyl-a-naphthyl- 
carbamide, obtained from a-naphthylamine and phenylurethane ; it is 
said to blacken at about 274°, and melt at 277—278°. In order to 
verify this statement, the carbamide was prepared, first, by desul- 
phurising the corresponding thiocarbamide (m. p. 163°) with silver 
nitrate, and next, by combining phenyl isocyanate and a-naphthyl- 


106 DIXON : INTERACTION OF URETHANES AND 


amine in dry benzene. The latter method gave a pure white solid: 
after three recrystallisations from a mixture of benzene and alcohol, 
it occurred in snowy-white, silky, microscopic needles, which softened 
at 223°, as if about to melt; they did not fuse, however, but at 224° 
hardened again. On raising the temperature, the substance gradually 
darkened from about 230°, and became moist, until at about 244° it 
melted, evolving gas. If put into the melting point apparatus at or 
above 223°, it melts to a water-clear liquid, resolidifying almost 
immediately ; if put in only two or three degrees below this temperature, 
it melts, becoming clear, on reaching it; in a moment, however, it 
resolidifies, and now melts, somewhat indistinctly, at the higher 
temperature, to a black liquid. 

The specimen prepared by the former method retained, even after 
several recrystallisations, a very faint buff tinge; its behaviour on 
heating was, however, similar to that of the ¢socyanate product, save 
that its melting point was a degree lower, namely, 222°. 


Found N=10°88 ; C,,H,,ON, requires N = 10°64 per cent. 


The properties just described do not agree very satisfactorily with 
those attributed by Manuelli and Comanducci to phenylnaphthylcarb- 
amide ; it was, of course, possible that the not very marked softening 
at 223° might have escaped their notice, but even if so, there still 
remained a large discrepancy. In order to clear the matter up, their 
experiment was repeated. 

Phenylurethane and a-Naphthylamine.—Equal weights, as prescribed 
(corresponding to over 15 per cent. of base in excess of the calculated 
quantity), were heated in a paraffin-bath at 220—230°. In about half 
an hour, solid matter began to appear, and before an hour had elapsed 
the contents of the flask were apparently solid; the heating was con- 
tinued, however, in accordance with the directions, for nearly three 
hours. When cool, the product was broken up, and washed with dilute 
hydrochloric acid; from the washings, by treatment with excess of 
alkali, a colourless liquid was precipitated; this was extracted with 
ether, and remained on evaporation of the latter, as a yellowish oil, 
which gave all the reactions of aniline, and was further identified 
by the production, with phenylthiocarbimide, of thiocarbanilide. 

The residue was ground up in a mortar with cold spirit, filtered, 
washed with more spirit until practically colourless, and then boiled 
with a large volume of alcohol ; as it proved to be nearly insoluble 
in this solvent, the mixture was filtered whilst still hot, and the 
residue, which was now snow-white, examined. It formed a micro 
crystalline powder, becoming highly electrical on friction ; when heated 
in a capillary tube, it showed no sign of change up to about 270, 
when it began to darken a little ; neither, when put into the apparatus 
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at 230° or 240°, did it melt or soften. At 283°, it darkened greatly, 
and melted at 286—287°, with effervescence, to a black liquid. 

The anticipation that this compound would prove to be dinaphthyl- 
carbamide, CO(NH-C,,H,),, was confirmed by the results obtained on 
making a complete analysis : 


Found C=80°78; H=5:16 ; N=9°24. 
C.,H,,ON, requires C=80°75 ; H=5'14; N=9-00 per cent. 


Appended are the figures required for phenylnaphthylcarbamide, 
together with those obtained by Manuelli and Comanducci ; the writer 
is unable to explain the discrepancy, but recognises that their data 
entirely justify the conclusions at which they arrived : 


Calculated for C,,H,,ON,, C=77'°86 ; H=5°34; N=10°64 per cent. 
C=7752; H=568; N=1051 ,, ,, 


The alcoholic washings from the above compound, when diluted with 
water, gave a small quantity of a purplish solid ; after a couple of 
recrystallisations from alcohol, using animal charcoal, the substance 
was obtained in masses of woolly needles, still retaining a very faint 
pinkish tinge; they melted about 221°, resolidifying quickly, and 
commencing then to darken at about 230°; the amount was barely 
suficient for analysis, but the compound was obviously phenyl- 


a-naphthylearbamide, nearly, but not quite, pure. 


In connection with the various results detailed above, it may be 
noted that Manuelli and Comanducci have also described a symme- 
trical phenylamylcarbamide, obtained from phenylurethane and amyl- 
amine, and separating, after numerous recrystallisations, from dilute 
alcohol, in slender white prisms melting at 238°. 

Now all the known symmetrical disubstituted ureas containing one 


phenyl, together with one purely fatty, radicle, melt at temperatures 


far below this; in the appended list of such compounds, 00<fam 


the variable radicle, R, alone is given. 


Radicle. M. p. Radicle. 


151° (C,H;),CH°CH, 

oH, 100 C,H,*C(CH;),*CH, 
C,Hs*CH(CH,) 156 
MNO Ogee seco sssseeees 155 99 


Moreover, normal amylamine is stated to have been employed in 
preparing the phenylamylearbamide in question: in this case, the 
melting point might be expected to lie below 155° (that of phenyl- 
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isoamylcarbamide), instead of 83° above it. It seems not impossible 
that this interaction runs a course resembling that between aniline 
and p-tolylurethane (p. 104); and that the supposed phenylamyl- 
carbamide is really carbanilide, which, according to Young and 
Clark (Trans., 1898, '73, 367), melts at 238—239°. This, however, is 
a mere conjecture, the writer having no opportunity of carrying out 
the experiment with normal amylamine, and is advanced with 
reserve, in view of the analytical evidence which Manuelli and Coman- 
ducci have brought forward in support of their statements. 


Summary. 


Phenylurethane, when heated with an equivalent proportion of 
o- or ptoluidine, or with a-naphthylamine, yields in each case a 
symmetrical (mixed) disubstituted carbamide containing one phenyl 
group, together with a group derived from the base used; this 
product is always accompanied by the corresponding (simple) disubsti- 
tuted carbamide containing the radicle of the base alone: with 
a-naphthylamine, little but dinaphthylecarbamide is obtained; with 
p-toluidine, the simple carbamide also largely preponderates; with 
o-toluidine, the proportion of ditolylearbamide obtained in the mixture 
is considerably lower. The simple carbamide is less soluble than the 
mixed, in the cases mentioned ; consequently the process is not a satis- 
factory one for the preparation of such mixed derivatives in a state of 
purity. 

p-Tolylurethane and aniline yield mainly ab-phenyl-p-tolylcarbamide: 
a secondary product, obtained in very limited quantity, appeared to be 
di-p-tolylcarbamide. 

Experimental reasons are assigned for concluding that the phenyl-p- 
tolylearbamide and phenyl-a-naphthylearbamide of Manuelli and 
Comanducci (Gazz., 1899, 29, ii, 136) are di-p-tolyl- and di-a-naphthyl- 
carbamide respectively. 


CHEMICAL DEPARTMENT, 
QUEEN’S COLLEGE, CORK. 


X.—Infracampholenic Acid, an Isomeride of Cam- 
pholytic and isoLauronolic Acids. 
By Martin Onstow Forster. 


EIcHTEEN months ago I described the unsaturated nitrile, 0)H,;N, 
produced on eliminating hydrogen bromide and carbon monoxide from 
the anhydride of bromonitrocamphane (Trans., 1899, '75, 1141). At 
that time it seemed highly probable that the nitrile, and the amide 
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obtained from it on hydrolysis, were derivatives of Walker’s cam- 
pholytic acid, because the amide, although distinct from isolauronol- 
amide, was converted into that substance by dilute mineral acids. 

The investigation of the acid derived from the amide is still incom- 
plete, but the recent appearance of a posthumous paper by Tiemann, 
in association with Kerschbaum and Tigges, on the two campholytic 
acids (Ber., 1900, 33, 2935), closely following a communication on 
the same subject by G. Blane (Bull. Soc. Chim., 1900, [ iii ], 28, 695), 
obliges me to describe briefly the progress which has been made in the 
examination of the substance. 

The nitrile has to be heated with alcoholic potash continuously for 
several weeks before ammonia ceases to be evolved ; there is then 
obtained the potassium salt of a liquid acid, C,H,,0,, which closely 
resembles Walker’s campholytic acid, forming a viscous oil which 
boils at 145° and 239° under pressures of 24 mm. and 758 mm. 
respectively. Moreover, the substance is optically inactive, and 
treatment with dilute mineral acids transforms it into ¢solauronolic 
acid, differing in no respect from the acid, obtained by the action 
of aluminium chloride on camphoric anhydride. Here, however, 
the resemblance to campholytic acid ceases. According to Walker 
(Trans., 1893, 63, 498), that substance absorbs a molecular proportion 
of bromine, yielding the dibromide C,H,,0,Br,, which melts and 
blackens at 106—107°. When, however, the new acid is treated 
with bromine under the conditions specified by Walker, two molecular 
proportions of the halogen are engaged, hydrogen bromide is elimi- 
nated, and the solid product consists of a tribromocarboxylic acid, 
C,H,,0,Br,, which melts to a colourless liquid, and evolves gas, at 
182°. Moreover, the dibromide of the new acid, which can be obtained 
when bromine is slowly added in quantity scarcely sufficient to con- 
vert all the substance into the compound C,H,,0,Br,, is quite distinct 
from the isomeric dibromide of campholytic acid, because it melts at 
125° without blackening. Furthermore, whilst campholytic acid is 
converted by hydrobromic acid into the hydrobromide, C,H,,OBr, 
several attempts, under varying conditions, to obtain a corresponding 
derivative from the new acid have resulted in the production of 
isolauronolic acid. 

It has now been shown that the new substance is the lower homo- 
logue of a-campholenic acid, and I propose therefore to call it 
infracampholenic acid, the prefix “infra” representing in this sense 
the converse of “ homo.” 

Some months after the discovery of tribromodihydroinfracampholenic 
acid, and the consequent recognition of the fact that infracampholenic 
and campholytic acids are distinct, the paper by G. Blanc (oc. cit.) 
was published without any previous intimation that he proposed to 
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investigate the nitrile with which I was working. On reducing that 
substance with sodium in absolute alcohol, Blanc obtained the amine 
which a-campholenamide yields when oxidised with sodium hypobromite, 
namely, a-aminocampholene, first described by Blaise and Blanc (Bull, 
Soc. Chim., 1899, | iii], 21, 976); assuming thas the nitrile is indeed 
the nitrile of campholytic acid, this result appeared to confirm the 
view that campholytic acid is the lower homologue of a-campholenic 
acid, and Blanc would have expressed its constitution by the formula 


CH,*CH-CO,H 
| (Me, ’ 
CH,°C:CH, 
but for the appearance of Walker’s latest paper on the subject (Trans., 
1900, '7'7, 374). In consequence of this publication, Blane agreed 
that campholytic acid is a stereoisomeride of isolauronolic acid, 
CH,°C-CO,H 
(Me i 
CH,°CMe, 
and adopting Bouveault’s formula for a-campholenic acid, I, repre- 
sented the constitution of infracampholenic acid by the expression II: 


OH,CH-CH,-CO,H CH,-0H-CO,H 
IL | OMe, a | OMe, 
CH,-C:CH, H,°C:CH, 


Working with Noyes’ active campholytic acid, that is to say, with 
the acid obtained by the action of nitrous acid on dihydroamino- 
campholytic acid, Tiemann (loc. cit.) arrived at aa-dimethyltricarb- 
allylic acid by oxidation with dilute nitric acid, and therefore 
represents the constitution of campholytic acid by the formula III: 


CH,‘CH-CO,H 
Ill. | (Me, 


CH=CMe 

This view is now endorsed by Blane (Compt. rend., 1900, 131, 803), 
who has oxidised inactive campholytic acid, derived on this occasion 
from isolauronolic acid by Walker’s process, obtaining also aa-dimethy!- 
tricarballylic acid. 

In giving expression to this change of view, Blanc does not refer to 
the result of his experiment with the nitrile of infracampholenic acid, 
which showed that this acid is the lower homologue of a-campholenic 
acid ; the formula III, which, in agreement with Tiemann, he ascribes 
to campholytic acid, represents the latter substance as the lower 
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homologue of a-campholenic acid, the constitution of which is best 
expressed by Tiemann’s formula, 


CH,: CH: CH,°CO,H CH, “CH: CO,H 


| he Te. nn oh 
H=CM H-=CM 


In view of the fact, established in this paper, that aes and 
infracampholenic acids are distinct, one of three things follows: 
Tiemann’s formula for a-campholenic acid is incorrect, Blanc’s re- 
duction of infracampholenonitrile to a-aminocampholene is misleading, 
or the expression III does not truly represent the structure of campho- 
lytic acid. 

Now Tiemann’s formula for a-campholenic acid is based on the 
production of isoketocamphoric acid, COMe-CMe,°CH(CH,°CO,H),, 
on oxidation, and appears therefore to be well founded. There is 
likewise no reason to mistake the conclusion to be drawn from Blanc’s 
experiment showing that a-campholenic acid is the homo-derivative of 
infracampholenic acid. There remains, therefore, the third possibility, 
namely, the invalidity of the formula for campholytic acid advocated 
by Tiemann and by Blanc. 

While discussing the constitution of that substance, the last-named 
investigators do not allude to the alternative formula, 


CH=(-C0,H 
Iv. | (Me, , 
CH,*CHMe 


from which, by oxidation, aa-dimethyltricarballylic acid might be 
obtained. Perhaps the drawback which presented itself to them was 
the conversion of the complex -CMe,*CHMe: into the grouping 
‘CMe,*CH(CO,H)-, a change which is certainly unusual. In view of 
the present difficulty, however, this formula deserves consideration 
because the structure of infracampholenic acid would then be re- 
presented by the expression ITI. 

The following arguments may be brought forward in support of 
this suggestion. 

1. The formula IV, with the qualification already mentioned, accounts 
for the production of aa-dimethyltricarballylic acid, 


CH=¢-CO,H CO,H (0,H 
| Me, CMe, 
CH,’CHMe CH —Ca: CO,H 


2. It represents campholytic acid as an af-unsaturated acid, in 
accordance with the results of Walker’s experiments. 
3. It reconciles the facts that infracampholenic acid is distinct from 
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campholytic acid, and is nevertheless a lower homologue of a-cam- 
pholenic acid. 

4. The representation of infracampholenic acid by the formula III 
explains the production of a tribromo-derivative by direct action of 
bromine, the a-carbon atom being hydrogenised, and therefore sus- 
ceptible to the action of bromine. 

5. The formula IV is more consistent with the behaviour of campho- 
lytic acid towards bromine than the representation which is given 
by Tiemann and by Blanc, because dihydrotsolauronolic acid, 


CH,°CH:CO,H 
HMe . 
CH,°CMe, 


can be brominated in the a-position (Perkin, Trans., 1898, '73, 838), 
and tetramethylenecarboxylic acid, 


ad ll 


readily undergoes the same change (Perkin and Sinclair, Trans., 1892, 
61, 42) ; if therefore, campholytic acid has the structure III, it might 
be expected to behave like infracampholenic acid, and give a tribromo- 
derivative instead of a dibromide. 

6. On the lines of Lapworth’s proposal, according to which the 
production of isolauronolic acid from camphoric acid involves the 
migration of a methyl group (Trans., 1900, '7'7, 1057), the conversion 
of campholytic acid into isolauronolic acid can be explained as follows: 


CH=C-00,H = CH, C<O0# oH,-c<002H oH,-0-00,H 
| | | 
OMe, — oie... c<i, — OMe ; 
| | | 

CH,CHMe 0H,0<4 OH,-o<“e OH,-CMe, 


this scheme is no less plausible than that adopted by Blanc (Compt. 
rend., 1900, 131, 805 ; Abstr., 1901, 80, i, 11) for the same purpose. 

Against the propositions made in this paper will be urged the fact 
that aminodihydrocampholytic acid, 

CH,°CH-C0,H 
Me, . 

CH,°CMe-NH, 
under the influence of nitrous acid, is more likely to yield a substance 


“ having the formula III than the alternative compound, IV. This is, 
prima facie, true, but it must be borne in mind that the substituents 
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in this complex display great mobility, which is shared by the hydrogen 
atoms. 

In the hope of settling definitely the constitution of infracam- 
pholenic acid, a study of its products of oxidation is being made, and I 
expect to gain evidence of its structure also by examining the alcohol 
obtained from aminoinfracampholene, C,H,,*NH,, by the action of 
nitrous acid ; the base itself is described in this paper, being readily 
furnished by infracampholenamide when treated with sodium hypo- 
bromite. 

Before proceeding to the experimental details, I think it is desirable 
to draw attention to the nomenclature for campholytic and zsolauronolic 
acids adopted by Tiemann’s collaborators in the paper first mentioned 
(Ber., 1900, 33, 2935). They distinguish these substances, which are 
perfectly well recognised under the original names, as a- and £-campho- 
lytic acids respectively. This distinction seems to be somewhat unfor- 
tunate. In the first place, the substance which they propose to call 
a-campholyticacid, is derived from 8-camphoramic acid, whilst a-camphor- 
amic acid yields, not 8-campholytic acid, but lauronolic acid. Secondly, 
it is claimed that the use of these letters illustrates the relationship of 
the acids to a- and @-campholenic acids ; no evidence is adduced in the 
paper, however, to show that such a relation holds good, and although 


Blanc’s investigations suggest that B-campholenic acid is the homo- 
derivative of isolauronolic acid, the same author has shown that 
a-campholenic acid is not connected with campholytic acid in a similar 
manner. In these circumstances, confusion will be avoided by adher- 
ence to the original names for campholytic and isolauronolic acids. 


EXPERIMENTAL. 
Infracampholenic Acid, C,H,,0,. 


The readiness with which the amide, C,H,,*CO-NH,, is converted 
into isolauronolamide under the influence of dilute hydrochloric acid 
renders this agent useless for the purpose of hydrolysis. Attempts 
have been made under varied conditions to transform the amide into 
the acid by means of nitrous acid, but on each occasion the unchanged 
substance was recovered. The only alternative was to use alcoholic 
potash, and although the action is extremely slow, and involves heating 
the liquid during several weeks, this method was ultimately adopted. 

Twenty grams of the purified amide were dissolved in 100 c.c. of 
alcohol, and heated with 25 grams (3} mols.) of potassium hydroxide 
dissolved in the minimum quantity of water, until no further evolution 
of ammonia took place. Hydrolysis was complete after 200 hours. 
The liquid was then evaporated on the water-bath, and the viscous 
residue washed two or three times with ether, dissolved in water, and 
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just acidified with cold, dilute, hydrochloric acid, which precipitated a 
pale brown, viscous oil. This was dissolved at once in ether, washed 
with water, redissolved in sodium carbonate, and then extracted with 
ether in order to remove any non-carboxylic impurities. The solution 
of the sodium salt was exactly neutralised with dilute sulphuric acid, 
and on removing the precipitated oil with ether, drying the extract 
with fused sodium sulphate, and afterwards evaporating the solvent on 
a water-bath, 19 grams of the acid were obtained. The product, which 
was pale brown and very viscous, was then distilled under reduced 
pressure ; various specimens boiled at 145°, 170°, 180°, and 239° under 
pressures of 24 mm., 60 mm., 105 mm., and 758 mm. respectively, 
yielding a colourless, or very pale yellow, viscous oil, having a faint, 
somewhat disagreeable odour. 


0°2000 gave 0°5122 CO, and 9°1630 H,O. C=69°85; H=9°05. 
C,H, ,0, requires C= 70°13 ; H=9-09 per cent. 


A 20 per cent. solution in ether is optically inactive, and a 10 per 
cent. solution of the amide in absolute alcohol is also devoid of activity. 
The acid has a sp. gr. 1°0146 at 16°, and a refractive index pX* 1°4660 
at 19°. 

When infracampholenic acid is warmed with dilute sulphuric acid 
it soon solidifies, yielding ¢solauronolic acid, which was compared with 
@ specimen obtained from camphoric anhydride ; it melts at the same 
temperature, and like the acid from this source, is optically inactive. 

Certain salts of infracampholenic acid are well defined. A neutral 
solution of the ammonium salt gives no precipitate with magnesium 
sulphate, calcium chloride, or barium chloride, but the mercuric salt 
forms minute white needles, sparingly soluble in cold water. The 
copper salt separates immediately as a dark green, crystalline pre- 
cipitate, which dissolves readily in hot alcohol, forming a deep green 
solution ; this deposits nodular aggregates of minute green needles. 
The lead salt forms a white, flocculent precipitate, soluble in boiling 
water, from which it crystallises in small, transparent, six-sided 
plates. The silver salt is soluble in hot-water, separating in colour 
less crystals which are affected only slowly by light. 


Tribromodihydroinfracampholenic Acid, C,H,,0,Bry. 


In the first attempts to prepare a dibromide, the conditions pre 
scribed by Walker (/oc, cit.) were observed. Seven grams of bromine 
dissolved in 20 c.c. of dried carbon disulphide were placed in a wide- 
mouthed bottle through the stopper of which passed a tap-funnel and 
a tube containing calcium chloride ; the bottle was immersed in melt 
ing ice in a large, blackened beaker. Five grams of infracampholenie 
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acid dissolved in 20 c.c. of dried carbon disulphide were then added 
slowly through the tap-funnel, the solution of bromine being shaken 
continuously during the process, and the operation being carried out in 
a darkened room. Colourless crystals were soon deposited in the 
bottle, and hydrogen bromide escaped through the calcium chloride 
tube. After remaining 12 hours in the dark, the solution was de- 
canted, and the crystals washed with light petroleum; the crude 
material obtained in this way amounted to 4°5 grams, a further quan- 
tity being obtained from the mother liquor. The freshly precipitated 
substance melted at 178°. It was recrystallised from hot ethyl acet- 
ate, in which it dissolves readily, being deposited in aggregates of 
small, hard needles, which melt to a colourless liquid, evolving gas, at 
182°; the melting point is dependent on the rate at which the tem- 
perature rises, and has been observed as high as 187°. 


0:2164 gave 0°2174 CO, and 0°0649 H,O. C=27-40; H=3°33. 
01725 ,, 02465 AgBr. Br=60°80. 
C,H,,0,Br, requires C=27:48; H=3-33 ; Br=61-07 per cent. 


The operation just described has been repeated many times, and 
the same result was obtained in each case. Even when the halogen 
solution was cooled by a freezing mixture, and the acid added as slowly 
as possible, in a dark room, hydrogen bromide was evolved after a 
very short interval, and crystals were deposited in the bottle when only 
a small proportion of the material had been added. Increasing the 
quantity of bromine does not improve the yield of the substance, which 
rarely exceeded 65 per cent. of the theoretical amount. 

The tribromide of infracampholenic acid dissolves readily in alcohol, 
and the cold solution immediately develops with silver nitrate a 
turbidity which rapidly intensifies to a copious precipitate. It dissolves 
in aqueous sodium carbonate with liberation of carbon dioxide, form- 
ing a bromohydrocarbon and an unsaturated acid; if the alkali is 
added in small quantities amounting in all to one molecular proportion 
only, nearly two-thirds of the substance remains unchanged. The 
following experiment was therefore performed. 

Twenty grams of the finely powdered tribromide were suspended 
in water, and treated with a cold solution of 21 grams (4 mols.) of 
anhydrous sodium carbonate. The substance dissolved almost imme- 
diately without liberating carbon dioxide, as this was absorbed by the 
excess of alkali. The turbid solution, after 24 hours, had deposited 
a heavy, colourless oil, which was removed by means of ether, washed 
twice with water, and freed from ether on the water-bath ; on passing 
a current of steam through the residue, a bromohydrocarbon was 
obtained having an agreeable odour. 

12 
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0°1908 gave 0°1781 AgBr. Br=39°71. 
01818 ,, 01702 AgBr. Br=39°83. 
C,H,,Br requires Br= 42°78 per cent. 


It is probable that this substance does not represent the initial pro- 
duct arising from the tribromide by the elimination of carbon dioxide 


and hydrogen bromide according to the equation : 
C,H,,0,Br,Na = C,H,, Br + NaBr + HBr + CO,. 


Most likely the hydrocarbon dibromide, C,H,,Br,, is first produced, 
and undergoes resolution into the bromo-derivative, C,H,,Br, and 
hydrogen bromide during the process of isolation, because the sub- 
stance extracted by ether is colourless, becoming pale yellow when 
distilled in steam ; the aqueous residue in the distilling flask contains 
a considerable amount of hydrobromic acid, and holds some dark 
brown, non-volatile, tarry matter in suspension. 

It will be interesting to ascertain the nature of the acid produced 
along with the hydrocarbon, and steps are being taken in this direc- 
tion, but unfortunately the substance is resinous, and the only infor- 
mation concerning it which has been gained so far is the fact that it 
is unsaturated and contains bromine. 


Dibromodihydroinfracampholenic acid, C,H,,0,Br,. 


Four grams of infracampholenic acid were dissolved in 100 c.c. of 
dry chloroform, and to the solution, immersed in a good freezing mix- 
ture, rather less than 4 grams of bromine, dissolved in 50 c.c. of 
cold chloroform, were slowly added. Owing to the readiness with 
which one atom of hydrogen in infracampholenic acid is replaced by 
bromine, great care was taken to keep the solution in a state of 
agitation, and the solution of bromine was admitted drop by drop; 
liberation of hydrogen bromide was thus reduced to a minimum, and 
only towards the end of the operation did the gas make its appear- 
ance. Without removing the vessel from the freezing mixture, 4 
current of dry air was aspirated through the pale yellow liquid during 
one hour, after which interval the solution was allowed to acquire the 
temperature of the atmosphere. When the chloroform had com- 
pletely evaporated, a white, butter-like mass remained; this was 
drained on porous earthenware, and washed several times with cold 
petroleum. The snow-white, micro-crystalline powder obtained in this 
way melts at 117° to a colourless liquid evolving gas; it dissolves 
very readily in alcohol and in cold ethyl acetate, but is rather sparingly 
soluble in boiling petroleum, which deposits it in minute rectangular 
plates ; these melt and evolve gas at 125°. 
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0:2152 gave 0°2653 CO, and 0:0853 H,O. C=33°62; H=4-40. 
01599 ,, 01940 AgBr. Br=51°62. 
C,H,,0,Br, requires C= 34:14; H=4-46; Br=50°95 per cent. 


The dibromide dissolves immediately in aqueous sodium carbonate, 
and the turbid solution deposits a bromohydrocarbon on standing. 


The Amide of Infracampholenic Acid. 


When the extraordinary indifference of infracampholenamide towards 
alkaline hydrolytic agents was first observed, an attempt was made to 
study the oxidation products of the acid by oxidising the amide and 
hydrolysing the product. 

Oxidation of Infracampholenamide.—Ten grams of the amide were 
dissolved in 5000 c.c, of boiling water and rapidly cooled, the temper- 
ature of the solution being finally reduced to about 0° by immersion 
in melting ice. Three hundred c.c. of a 2 per cent. solution of potass- 
ium permanganate were added in small quantities, the colour of the 
solution being immediately destroyed. The liquid was then treated 
with 15 grams of potassium carbonate, boiled, filtered, and evaporated 
to small bulk, when a dark yellow oil separated, and solidified on 
cooling. After being drained on porous earthenware, washed with a 
small quantity of cold water, and again drained, the colourless pro 
duct weighed 8°5 grams. 

Under these conditions, the amide is oxidised to a dihydroxy-deriva- 
tive. The substance dissolves very readily in water, forming a solution 
which is neutral to litmus. Alcohol also dissolves it freely, and ethyl 
acetate is the most convenient solvent from which to crystallise it, 
depositing the derivative in prisms containing 1H,O. A specimen 
dried in the desiccator was analysed, with the following result : 


01775 gave 0°3492 CO, and 0°1534 H,O. C=53:65; H=9-60. 
C,H,,0,N,H,O requires C = 52°68 ; H=9:27 per cent. 


In the hydrated condition the substance has no definite melting point, 
but liquefies at about 110°, when water is liberated. If the crystals 
deposited by ethyl acetate are powdered finely and dried at 90° until 
no further loss of water takes place, the substance melts at 170°, 
Without evolving gas. 
0'1816 gave 0:3861 CO, and 0:1500 H,O. C=57:99; H=9-17. 
0:2073 ,, 04415 CO, ,, 0°1694 H,O. C=58:08; H=9-08. 
02218 ,, 14-2c.c. of nitrogen at 16°5°and 779 mm. N=7°63. 
C,H,,0,N requires C=57-75 ; H=9:09; N=7°48 per cent. 


The oxidised amide is hydrolysed by alcoholic potash much more 
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readily than infracampholenamide, but the acid obtained in this way 
takes the form of a resin. 

Hydrobromide of Infracampholenamide, C,H,,ONBr.—The amide of 
infracampholenic acid was dissolved in 48 per cent. hydrobromic acid, 
and allowed to remain in the desiccator. After some days, clusters 
of flat, transparent, rhomboidal plates separated. Cold alcohol dis- 
solves the substance very readily, and it is also soluble in cold water, 
forming an acid solution ; when potassium permanganate is added to 
this liquid, the colour is destroyed and bromine set free. The hydro- 
bromide is insoluble in petroleum, and very sparingly “soluble in cold 
ethyl acetate, but it dissolves readily in the boiling liquid, which 
deposits it in transparent plates melting at 144°, with vigorous dis- 
engagement of gas. 


0°2165 gave 0'1603 AgBr. Br=31°50. 
C,H,,ONBr requires Br = 34°18 per cent. 
C,H,,ONBr,H,O _,, Br=31'74 ,, 


An attempt to prepare the hydrobromide by dissolving the amide 
in more concentrated acid (sp. gr. 1°83) resulted in the production 
of isolauronolamide. The clear solution in the acid deposited lustrous, 
colourless crystals melting indefinitely between 70° and 80°, and 
yielding isolauronolamide and hydrobromic acid on treatment with 
water, which first converts the crystals into an oil ; <solauronolamide 
itself yields similar crystals under the influence of the concentrated 
acid, the product consisting most likely of an unstable salt. 


Dibromide of Infracampholenamide, C,H,,ONBr,.—Ten grams of © 


the amide were dissolved in dried chloroform, cooled in a freezing 
mixture, and treated with 10 grams of bromine (1 mol.) in the same 
solvent, the halogen being added in small quantities at a time; the 
bromine was immediately decolorised, and no hydrogen bromide was 
liberated. On evaporating the chloroform, colourless crystals were 
deposited, and the product was filtered from a small quantity of oil, 
washed with chloroform, and recrystallised from boiling ethy] acetate, 
which deposited it in white needles melting at 114°. 


0°2148 gave 0°2435 AgBr. Br=48°33. 
02660 , 0:3017 AgBr. Br=48°26. 
03321 ,, 13:1 cc. of nitrogen at 20° and 762 mm. N=4°47. 
C,H,,ONBr, requires Br=51°12 ; N = 4°60 per cent. 
C,H,,ONBr,,H,0 ,, Br=4834; N=4°23 _,, 


The dibromide is insoluble in petroleum, but dissolves readily in 
alcohol, and is very freely soluble in water, forming a neutral solution 
from which it crystallises in white prisms; the aqueous liquid pre 
cipitates silver bromide from the nitrate, but does not liberate iodine 
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from potassium iodide, even when acidified with dilute sulphuric acid. 
It is indifferent towards a neutral solution of potassium perman- 
ganate, but in presence of dilute sulphuric acid bromine is liberated, 
and the permanganate decolorised. 


Aminoinfracampholene, C,H,,"NH,. 


Ten grams of purified infracampholenamide were finely powdered 
and suspended in 25 c.c, of water; 10 grams of bromine were then 
dissolved in 100 c.c. of water containing 10 grams of caustic soda, 
and added to the amide. On gently warming the liquid, a basic odour 
became perceptible in a few minutes, and an oil rose to the surface. 
After about an hour, durir which period the liquid was agitated, and 
at intervals gently hea’ Ju, the base was extracted with ether, washed 
several times with water, and after removing the ether on a water- 
bath, distilled in an atmosphere of steam. The colourless oil obtained 
in this manner was collected by ether, dried with solid potash, and 
freed from ether on the water-bath. The yield amounted to 4 grams, 
and might possibly be augmented by manipulating smaller quantities 
of the amide at one time, because an experiment in which 25 grams 
of material were employed yielded only 9 grams of base. 

Aminoinfracampholene is a colourless, limpid oil having a pungent, 
somewhat pleasant odour, and boils at 158—160° under 754 mm, 
pressure ; it has a sp. gr. 0°8770 at 14°, and refractive index py, 1°4748 
at 19°. The base absorbs carbon dioxide readily from the air, forming 
a crystalline carbonate. 

The hydrochloride is readily soluble in cold water, and crystallises 
in lustrous leaflets melting at 213°. 

The platinichloride separates immediately in pale red crystals on 
adding aqueous platinic chloride to a solution of the hydrochloride 
in water. It dissolves very freely in hot alcohol, and crystallises 
in beautiful, lustrous, pale red leaflets. 


0°1528 gave 0°0450 Pt. Pt=29°45. 
(C,H,;N).,H,PtCl, requires Pt = 29°48 per cent. 
The salt darkens at about 200°, and melts to a charred mass 
at 238—240°. 
The picrate crystallises in clusters of sulphur-yellow needles on 
adding to the base a hot solution of picric acid in alcohol. 


0'2452 gave 33°8 c.c. of nitrogen at 18° and 752 mm. N=15-75. 
C,H,,N,C,H,O,N, requires N = 15°82 per cent. 
It melts at 213° to a deep brown liquid which soon begins to 


evolve gas, 
The benzoyl derivative is very readily soluble in ethyl acetate 
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and in alcohol, crystallising from the latter in rosettes of long, 
slender prisms melting at 105°; it is sparingly soluble in boiling 
petroleum, from which it separates in lustrous, silky needles which 
melt also at 105°. 

0°1672 gave 0°4631 CO, and 01225 H,O. C=75:54; H=8-14. 

C,;H,,ON requires C= 75°31; H=7-95 per cent. 

The carbamide derivative is not precipitated immediately on mix- 

ing moderately concentrated solutions of the hydrochloride and 


potassium cyanate, but soon crystallises when the liquid is heated 
on the water-bath ; it forms lustrous, white needles melting at 182°, 


0°1658 gave 24°5 c.c. of nitrogen at 17:5° and 756 mm. N=17°01, 
O,H,,ON, requires N = 16°66 per cent, 

The phenylcarbamide derivative separates in aggregates of flat, 
lustrous needles on adding a solution of phenylcarbimide in a mix- 
ture of ether with petroleum to a solution of the base (1 mol.) in 
ether. 

01831 gave 0°4920 CO, and 01357 H,O. C=73'28; H=8-23. 

C,,H,,ON, requires C= 73°77 ; H =8:19 per cent. 

The substance crystallises from alcohol in very long, flat, trans- 

parent needles and melts at 180°. 


Roya CoLuece or Scrence, LONDON, 
Sourn Kensineton, S.W. 


XL—Tutu. Part I. Tutin and Coriamyrtin. 


By Tuomas Hitt EastErFieiD, Professor of Chemistry, Victoria Col- 
lege, Wellington, N.Z., and Bernarp Cracrort Aston, Chemist to 
the New Zealand Department of Agriculture. 


THE monotypic natural order, Coriaria, is represented in New Zealand 
by three species, which are known collectively as Tutu or toot. Coriaria 
ruscifolia, L. (C. Sarmentosa, Forst ; C. arborea, and C. Tutu, Lindsay ; 
Tutu, pohou, and tupakihi of the Maori) is commonly known as the 
tree-toot ; it is a handsome shrub with glossy, acuminate leaves, and 
grows to a height of 20—25 feet. C. thymifolia, Humb. and Bonp. 
(Tutu-papa or tutu-heu-heu of the Maori), seldom exceeds three feet in 
height, and is known as the ground-toot. C. argustissima, Hook. f., 
is of comparatively rare occurrence. It is a small, herbaceous upland 
annual with a characteristic fern-like appearance, 
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A peculiar interest attaches to these plants in that they are all 
known to be highly toxic. The animals brought by Captain Cook in 
both his voyages died in what was to him an unaccountable manner, 
but as Lauder Lindsay (B. and F. Med. and Chir. Rev., July, 1865, 
153 ; October, 1868, 465 ; also B.A. Report, 1862, 98) has pointed out, 
the general description of the symptoms leaves little doubt that they 
died of tutu poisoning. Many instances are upon record in which 
upwards of 50 per cent. of a large herd of cattle has been lost in a 
single night from toot poisoning. The plants are very succulent and 
attractive to cattle, so that stock can only be driven through a tutu 
country at considerable risk. Cattle living in these districts appear 
to eat the plant with impunity, but if starved or overdriven, the 
apparent toleration disappears, partly, no doubt, from the fact that 
under these circumstances the plant is eaten in excessive quantity. 

Cattle suffering from tutu poison, popularly said to be tooted, rush 
madly about, then stagger and fall, convulsions are of frequent occur- 
rence, large volumes of gas appear in the stomach, and the animal 
eventually dies in a comatose condition. Tutu berries are of luscious 
appearance and taste, and are consumed in quantity by the Maoris ; 
the seeds are, however, poisonous, and deaths from swallowing them 
are not uncommon, particularly amongst children. It is said that 
birds are not poisoned by the seeds, but cases have come under the 
notice of the authors in which domestic fowls have been poisoned 
by eating the berries, the symptoms being typical of tutu poisoning. 
Human beings who have recovered from toot poisoning nearly always 
suffer for a time from impaired memory, and permanent physical 
distortion sometimes accompanies severe cases. Bleeding is the usual 
remedy adopted by the natives and settlers, and the beneficial effect 
is remarkably rapid. 

It is somewhat remarkable that the poisonous constituent of tutu 
has remained hitherto unisolated. Skey (Zrans. N.Z. Inst., 1869, 
153, 399, 400) has shown that ether removes from the seeds a 
highly poisonous green oil, which, he remarks, is or contains the 
poison. Hughes (Z'rans. V.Z. Inst., 1870, 237) showed that C. rusci- 
folia contained crystalline constituents soluble in alcohol or water, 
but did not identify them. He found that boiling with slaked lime 
destroyed the poisonous action of the drug. Christie (W.Z. Med. 
Journ., July and October, 1890) has examined the physiological 
effect of decoctions of the plant, and denies that lime destroys the 
poison, 

The present paper contains an account of the investigation of the 
three species of New Zealand Coriaria. It is shown that the plants 
all contain a highly poisonous, non-nitrogenous glucoside, C,,H,,0,, for 
which the name tutin is proposed. C. thymifolia also contains quercetin 


’ 
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and some half-dozen well-known acids, and C. angustissima has 
yielded a volatile acid, C,H,0,, which has not been identified. 


EXPERIMENTAL. 


(1). Coriaria thymifolia.—Eleven kilograms of the air-dried plant 
(root excluded) gathered at Dunedin at the time of flowering (January) 
were put through a chaff-cutter and boiled with successive quantities of 
water. The concentrated infusion was treated with a large volume of 
alcohol which precipitated inorganic salts, ellagic acid, and a large 
quantity of black, tarry matter. The residue remaining after distilling 
off the alcohol from the supernatant liquid was extracted with ether. 
When the ether was distilled off, the residue containing the character- 
istic glucoside tutin set to a semi-solid, crystalline mass with a pungent 
odour. 

Acetic acid was recognised by distilling the mass with steam. From 
the distillate a silver salt was prepared, which, after a single recrystal- 
lisation, gave Ag = 64°3 per cent. Calculated for C,H,O,Ag, Ag =64'7 
per cent. 

Gallic acid remained in quantity when the solution, which had been 
distilled with steam, was evaporated to the crystallising point and the 
residue extracted with chloroform. It gave the usual colour reactions. 
After recrystallisation from water, it was dried at 150° and gave: 


C=49°4; H=3'5 per cent. 

C,H,O, requires C=49-0 ; H=3°5 per cent. 

Quercetin, or some isomeric compound, was present in the crude gallic 
acid. After purification by repeated recrystallisation from water, it 
showed the usual colour reactions and dyeing properties, lost 2 mols. of 
water at 160°, and, on analysis, gave: 

C=59'2; H=3‘6 per cent. 

C,,H,,O0, requires C=59°6 ; H=3°2 per cent. 

Quercetin has been definitely shown by Perkin to exist in C. myrti- 
Jolia (Trans., 1900, '7'7, 429). 

The chloroform solution separated from the gallic acid was evaporated 
and the product dissolved in ether, the remaining acids were then 
removed by sodium carbonate. 

Succinic acid was identified in the alkaline solution. It was recog: 
nised by qualitative reactions, melting point, and analysis of the silver 
salt. 

C=143; H=1:25; Ag=64'8 per cent. 

C,H,0,Ag, requires C=14:4; H=1:2; Ag=65-0 per cent. 


Seeds.— A kilogram and a half of the seeds of C. thymifolia were pul- 
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verised and exhausted by carbon disulphide which removed 22°6 per cent. 
of a green, drying oil. The seeds, freed from oil, yielded to water a small 
quantity of tutin which was extracted with ether, and after recrystallisa- 
tion melted at 208—209°. The oil upon saponification yielded a liquid 
acid which was probably linoleic acid, since its calcium and barium 
salts were readily soluble in ether. 

(2). C. ruscifolia.—In the examination of this plant, the juice ex- 
pressed from the succulent, asparagus-like shoots (gathered at Wellington 
early in October) was employed. It contained the same acids as the 
extracts of C. thymifolia. The yield of tutin was 0°03 per cent. 
Samples of the plant gathered later in the year from the same hill-side, 
contained a smaller percentage of the poison. The dried seeds of 
C. ruscifolia, on extraction with carbon disulphide, yielded 22°8 per 
cent. of oil which was very faintly toxic. 0°18 gram administered to 
a small kitten produced only very mild symptoms of tutu poisoning. 
From the extracted seeds, water removed a few crystals of a substance 
which gave the characteristic bitter taste and colour reaction of 
tutin. 

(3). C. angustissima.—Only 1 kilogram of the dried plant was 
obtainable. It was collected at Dunedin early in January. Tutin was 
obtained from it and identified by its melting point. This species 
contains an acid which was not detected in the other two; when the 
aqueous extract of the plant was repeatedly shaken up with ether, the 
later extractions contained the acid in a comparatively pure condition. 
It crystallised from chloroform in silky, yellowish needles which were 
finally sublimed at 125° under diminished pressure. It was thus ob- 
tained in colourless, iridescent plates, very readily soluble in water, 
alcohol, or ether. The acid has a characteristic smell, gives a transient 
violet colour with ferric chloride, and melts at 130° (uncorr.). On 
analysis : 


01214 gave 0°2537 CO, and 0°0545 H,O. C=56:99; H=4-99, 
O,H,O, requires C=57°10 ; H=4°76 per cent. 


Tutin. 


The ethereal solution, from which all the acids had been removed, 
was evaporated and yielded almost colourless crystals which were 
repeatedly recrystallised from water and from alcohol. From water, the 
substance separates in characteristic acicular forms, from alcohol, in 
oblique ended prisms. The compound is perceptibly volatile, may be 
slowly sublimed at 120—130°, melts at 208—209° (uncorr.), and has an 
intensely bitter taste. It contains no nitrogen, and after hydrolysis 
by dilute acids reduces Fehling’s solution, and with phenylhydrazine 
gives an amorphous precipitate which is not phenylglucosazone, 
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Strong sulphuric acid added to a few drops of a saturated aqueous 
solution of tutin gives a blood-red coloration. 

Examination by Zeisel’s method for methoxyl groups gave nega- 
tive results. When evaporated to dryness with slaked lime, solutions 
of tutin yield amorphous compounds amongst which tutin can no 
longer be detected even when the residue has been acidified. 

Some preliminary experiments upon the toxic effect of tutin were 
carried out by Mr. J. A. Gilruth, Chief Government Veterinary 
Surgeon. The compound is very poisonous. A dose of 0°129 gram 
killed a kitten weighing 1 kilogram in 40 minutes; 0°001 gram 
given to a cat weighing 2 kilograms caused a fit in 3 hours and 
illness for the next 24 hours. The same cat subsequently succumbed 
to a dose of 0°003 gram. 

A dose of about a milligram produced nausea, vomiting, and in- 
capacity for work extending over 24 hours in a healthy, full-grown 
man. 

Three preparations were analysed, i and ii from C’. thymifolia and 
iii from C. ruscifolia : 

i. 0°1299, dried at 120—130°, gave 0°2899 CO, and 0°0691 H,0. 
C=60°78 ; H=5°91. 

ii. 0°1255, dried in desiccator, gave 0°2793 CO, and 0:0710 H,0. 
C=60°70 ; H=6-20. 

iii. 01264, dried at 120—130°, gave 0°2825 CO, and 0:0658 H,0. 
C=60°95; H=5°78. 

C,,H,,0, requires C=60°71 ; H=5-95 per cent. 


Molecular Weight Determinations.—Calculated for C,,H,.0,. M = 336. 


0°403 gram depressed the m. p. of 10 grams of acetic acid 0°47°. M = 332. 
0319 ,, ” ” ” ” 0°38°. M=325. 
0°2448 ,, 9 » 8 »w phenol 066°. M=333. 

0:35°. M=320. 


1‘1173 grams raised the b.p. of 11°65 __,, alcohol 


Solubilities.—One hundred grams of water at 10°, of ether at 10°, 
and of alcohol at 16° dissolve 1-9, 1°5, and 8°2 grams of tutin respec 
tively. It is very soluble in acetone, but dissolves only sparingly in 
chloroform, and is insoluble in benzene or carbon disulphide. 

The optical activity has been determined by Professor C. R. Mar- 
shall, of University College, Dundee, who reports as follows : 

ap= +0°37°;7=2 dem. ; d=0°8 ;c=2°5 per cent. in alcohol ; whence 
fa]p™= +925. 

Note on the Pharmacology of Tutin.—Professor Marshall has under- 
taken the pharmacology of tutin, and furnishes the following pre- 


liminary note: 
“Tutin, pharmacologically, is closely allied to coriamyrtin, and 
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belongs to what is known as the picrotoxin group of substances. 
After preliminary depression, it induces salivation, a fall in the fre- 
quency of the pulse, and increased respiratory activity, followed by 
convulsions, for the most part clonic and limited in the earlier stages 
to the fore part of the body. The effect is apparently due to an action 
on the medulla oblongata and basal ganglia of the brain. 

“Tt differs from coriamyrtin in being less toxic and slower in its 
action, On this account, the preliminary depression is more marked. 
Its connection with this substance, however, is close. Experiments 
suggest that it is broken up in the body into some substance, possibly 
coriamyrtin, which is the active convulsant factor. 

“It ought to be stated that the coriamyrtin employed by me was 
obtained from Merck. After boiling for a short time with dilute 
hydrochloric acid (2 per cent.), it did not reduce copper sulphate 
solution. It melted at 224° (uncorr.), and its solubility in physi- 
ological saline solution (0°6 per cent. NaCl) was less than 0-1 per cent. 
Riban’s coriamyrtin melted at 220°, and was soluble in water to 
the extent of 1°44 per cent. at 22°.” 


Coriamyrtin. 


The physiological action of the New Zealand species of Coriaria 
and of the European species (C. myrtifolia) is so similar that a 
direct comparison of tutin with coriamyrtin, the glucoside isolated 
by Riban (Bull. Soc. Chim., 1864, [ii], 1, 87 ; 1867, [ii], '7, 79), seemed 
desirable. A gram of coriamyrtin was obtained from Merck, of Darm- 
stadt; the specimen melted at 225° (uncorr.),* and the melting 
point was not altered by recrystallisation from alcohol. Like tutin, 
the compound is somewhat volatile, sublimation commencing at 
about 150°. Analysis of the compound before and after crystallis- 
ation gave numbers agreeing closely with those obtained by Riban: 


01389 gave 0°3288 CO, and 0°0822 H,O. C=6456; H=6°57. 

01263 ,, 0:2976CO, , 00734 H,O. C=64:25; H=6°45. 

Riban found (mean of three analyses) C= 64°07; H=6-57. 
C,H ¢0,) (Riban) requires C= 64°75 ; H = 6°47 per cent. 
C,,H,,0, requires C = 64:61 ; H =6°66 per cent. 

If the latter formula were correct, coriamyrtin would differ from 
tutin by C,H, only, and its higher melting point, lower volatility, 
and solubility suggest strongly that it is a higher member of the 
series to which tutin belongs. Molecular weight determinations, how- 
ever, indicate that the true formula is smaller than either of the 
above, being probably half that assigned to tutin by Riban. 


* Riban gives 220°; Merck (Chem. Centr., 1899, i, 706) gives 229°, 
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0°2478 gram raised the b. p. of 3°76 grams of acetone 0°46°. M = 255, 


03196 __s, e 6°4 “i ~ 0°33°. M = 265, 
01732 ,, depressed them. p.of8  ,, phenol 0°62°. M= 250. 
02226 __—sé~“y = Bow »  0°80°. M=250. 


Calculated for C,,H,,0,, M-= 278 ; and for C,,H,,0,, M=390. 


The conclusion that the real formula is C,,H,,O, harmonises with 
the fact that, by the action of bromine, Riban obtained a crystalline 
derivative in which 1/18th of the hydrogen was replaced by the halogen. 
If, however, the compound is a glucoside, as its reactions suggest, the 
sugar which it yields upon hydrolysis cannot contain more than four 
atoms of oxygen, and the formula is remarkable in that it contains 
fewer oxygen atoms than that of any glucoside hitherto described. 

The appended table shows the chief differences between tutin and 


coriamyrtin : 
a LrHn0s 
Tutin, Cy,H»0,. (E. and A ). 
Solubility in 100 parts of water... 1°8 at 10° 1°44 at 29° (Riban) 
Solubility in 100 parts of alcohol... 8°2 at 16° 2:00 at 22° ,, 
Reaction with hydriodic acid, \ Nil M Ps 
. t ” 
followed by potash ............ ‘ or 
With concentrated sulphuric acid.. Blood red Dirty yellow 
Initial temperature of sublimation About 120° About 150° 


The authors desire, in conclusion, to express their thanks to Mr. 
J. D. Ritchie, and the other officers of the New Zealand Department of 
Agriculture, for their kindness in securing the raw material employed 
n this investigation of tutu. 


XII.—Some a-Alkyl Substitution Products of Glutarie, 
Adipic, and Pimelic Acids. 


By J. W. MELtor. 


Tue a-alkyl substitution products of glutaric, adipic, and pimelic acids 
have been comparatively little studied, and, as it was thought that it 
would be interesting to prepare some of these derivatives and deter- 
mine their dissociation constants, I undertook the following work at 
the suggestion of Professor W. H. Perkin, jun. 

The a-methyl- and a-ethyl-glutaric acids have been prepared by Auwers 
and Titherly (Annalen, 1896, 292, 209—213). 

In preparing derivatives of adipic acid, I have employed a modification 


* Reaction verified by the authors, 
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of the process described by Montemartini (Ber., 1895, 28, 985). Monte- 
martini first prepared ethyl butanetricarboxylate by the interaction of 
the sodium compound of ethyl malonate with ethyl y-chlorobutyrate : 
(CO, Et),CHNa + CH,Cl-CH,°CH,*CO,Et = 

(CO,Et),CH-CH,°CH,°CH,°CO,Et + NaCl. 
This ester, by hydrolysis and subsequent decomposition of the result- 
ing tricarboxylic acid by heat, yields adipic acid. Montemartini also 
showed that a-substituted derivatives of adipic acid may be obtained 
by using homologues of ethyl malonate in this synthesis, and in this 
way he prepared a-methyl- and a-ethyl-adipic acids. 

Since, however, the ethyl y-chlorobutyrate required for these ex- 
periments had to be prepared by the hydrolysis of y-chlorobutyro- 
nitrileye CH,Cl-CH,*CH,°CN, by a troublesome operation conducted 
in sealed tubes, I have simplified the process by carrying out the 
synthesis with the nitrile instead of with the ester. The prepara- 
tion of adipic acid, for example, may be readily accomplished as 
follows: 

The sodium compound of ethyl malonate is treated with y-chloro- 
butyronitrile, when the following decomposition takes place : 


(CO,Et),CHNa + CH,Cl-CH,-CH,*ON = 
NaCl + (CO,Et),CH-CH,*CH,CH,-ON. 


It is now only necessary to boil the ethyl w-cyanobutane-aa-dicarb- 
oxylate thus formed with dilute sulphuric acid, when hydrolysis and 
elimination of carbon dioxide simultaneously occur, and adipic acid is 
formed. 

If instead of ethyl malonate the substitution products of ethyl 
malonate are employed in the above synthesis, it is an easy matter to 
prepare any a-substitution product of adipic acid. However, in the 
examples given in the paper, the y-chlorobutyronitrile was converted 
into ethyl y-chlorobutyrate, CH,Cl-CH,*CH,°CO,Et, and this was 
digested with the sodium compound of the ethyl alkylmalonate. The 
ester thus obtained gave, on hydrolysis, the desired substituted acid, 
with elimination of carbon dioxide. The simplification in the process 
above-mentioned was suggested to me by Professor Perkin after the 
three alkyl-adipic acids had been prepared. 

In the preparation of the substituted pimelic acids, the process em- 
ployed was essentially that of Crossley and Perkin (Trans., 1894, 65, 
989). The sodium compound of a substitution product of ethyl 
malonate is first treated with trimethylene chlorobromide, when the 
following reaction takes place : 


(CO,Et),CRNa + CH,Br-CH,°CH,Cl = 
(CO, Et),CR-CH,*CH,°CH,Cl + NaBr. 
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The chloro-ester so prepared is then allowed to react with the sodium 
compound of ethyl malonate, thus: 


(CO,Et),CH-CH,-CH,-CH,Cl + NaCH(CO,Et), = 
(CO, Et),CH-CH,-CH,-CH,*CH(CO,Et), + NaCl, 


The tetracarboxylic ester so produced is digested with hydrochloric 
acid, when hydrolysis and elimination of carbon dioxide takes place, 
and the a-substituted pimelic acid is prepared. 


a-ALKYL-GLUTARIC ACIDS. 


a-Methylglutaric Acid, CO,H-CH(CH,)-CH,°CH,°CO,H.—In pre- 
paring this acid, sodium (1 at.) is dissolved in absolute alcohol and 
mixed with ethyl propanetricarboxylate, (CO,Et),CH-CH,-CH,-CO,Et 
(1 mol.). A slight excess of methyl iodide (1 mol.) is then added, 
and after heating for 2 hours on the water-bath, the product is diluted 
with water and the oily ester extracted with ether in the usual way. 
After drying over calcium chloride and fractionation, the ethyl] methyl- 
propanetricarboxylate, (CO,Et),*C(CH,)*CH,°CH,°CO, Et, which distils 
at 165° under 20 mm. pressure, is digested with concentrated hydro- 
chloric acid for about 6 hours. After evaporation to dryness, a 
viscid mass remains which soon solidifies. The product crystallises 
from water in a vacuum, melts at 77—78°, and consists of pure 
a-methylglutaric acid. 

This acid has been prepared in a variety of ways, but the above 
appears to be the best method. 
The dissociation constants were as follows : 


m EK. 


V. Be " é 
85 22°66 0:0642 0:0052 
170 32°23 0:0913 54 
340 45°18 0°1280 55 
680 61°42 0°1740 54 


Temp. 24°4°; ua =352; K=0-0054. 


Bethmann (vide infra) gives 0:0054 ; Walden (vide infra) 0-0052. 

a-Ethylglutaric Acid, CO,H*CH(C,H,)-CH,*CH,*CO,H.—This acid 
has lately been prepared by Auwers and Titherly (/oc. cit.) by the 
hydrolysis of ethyl a-ethylpropanetricarboxylate, 

(CO, Et),*C(C,H,)-CH,*CH,°CO,Et. 

I used the same process, and found the boiling point of this ester 
to be 175—179° (30 mm.), and the melting point of the acid to be 
60—61° (Auwers and Titherly give 60-5°). 
The dissociation constants were as follows : 
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v bw mM, EK. 
44°6 16°86 0:0479 00054 
89-2 23°99 0:0685 56 
178-2 34°04 0:0967 58 
356'8 47°03 0°1336 57 
713°6 63°18 0°1795 55 
Temp. 24:2°; pap =352; K=0-0056, 


Pfaff (Annalen, 1896, 202, 214) gives K=0-0058. 

a-Propylglutaric Acid, CH,*CH,*CH,*CH(CO,H)-CH,°CH,°CO,H.— 
This acid, which does not appear to have been previously described, 
was obtained in a similar way to the a-ethyl acid just mentioned. 

Ethyl a-propylpropanetricarboxylate, 

(CO, Et),C(C,H,)*CH,°CH,°CO,Et, 

was first prepared by treating the sodium compound of ethyl propane- 
tricarboxylate with propyl iodide, and the ester, which distils at 
180—185° under 32 mm. pressure, was hydrolysed by boiling with 
hydrochloric acid. a-Propylglutaric acid crystallises by evaporation 
of the aqueous solution in a vacuum, and melts at 66—68°. On analysis: 


0:1093 gave 0°2234 CO, and 0:0826 H,O. C=55°7; H=8-4. 
C,H,,0, requires C=55°2 ; H=8:l per cent. 
The dissociation constants were as follows: 
v. Sin m. E. 
62°54 20°20 0:0575 0:0058 
125°08 28°67 0°0116 58 
250°16 40°75 01161 61 
500°32 55°36 0°1577 59 


1000-64 76°07 0°2167 59 
Temp. 24°4°; wp. =35 ; K=0°00586. 


a-Isopropylglutaric Acid, (CH,),CH*CH(CO,H)-CH,°CH,°CO,H.— 
The acid employed in the following determination was the specimen 
prepared by Perkin (Trans., 1896, 69, 1495). It melted at 94°. 
The dissociation constants were as follows: 
v. Moe Mm. K. 
36°5 15°30 00436 0:00548 
73 21°85 0:0623 567 
146 30°19 0-0860 555 
292 41°59 0°1185 541 
584 57°88 0°1649 559 
1168 79°25 02258 563 
Temp., 24°4°; wo = 351; K=0-00555, 
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Apipic AcID AND THE a-ALKYL-ADIPIC ACIDS. 


Adipic Acid, CO,H*CH,*CH,*CH,°CH,*CO,H.—According to 
Markownikoff (Annalen, 1898, 302, 34) and Aschan (Ber., 1899, 32, 
1771), adipic acid is readily prepared by the oxidation of Russian light 
petroleum, boiling at 80—82°, with nitric acid, but it is difficult to 
obtain Russian light petroleum in this country. The next best way of 
preparing adipic acid appears to be the following. 

Trimethylene chlorobromide, CH,Cl*CH,*CH,Br, is treated with 
potassium cyanide, and the product converted into y-chlorobutyro- 
nitrile, CH,Cl-CH,*CH,°CN, as described by Gabriel (Ber., 1890, 23, 
1771 ; compare Henry, Compt. rend., 1885, 101, 358). This nitrile is 
then digested with the calculated quantity of the sodium compound of 
ethyl malonate in the usual way, and the ethyl cyanopropylmalonate, 
CN: CH,:CH,°CH,°CH(CO,Et),, boiling between 170° and 175° under 
40 mm. pressure, thus obtained is boiled with dilute sulphuric acid 
(1:2) for 5 hours, and the adipic acid produced is extracted with ether, 


and purified by recrystallising once from water. This process not’ 


only gives a good yield, but the acid is at once obtained in a state of 
purity. 

a-Methyladipic Acid, CO,H*CH(CH,)-CH,:CH,°CH,* CO,H.—This 
acid was first prepared by Bone and Perkin (Trans., 1895, 65, 115), 
and subsequently by Montemartini (Gazz., 1896, 26, ii, 278). 

The acid used in the following determinations was prepared in the 
following way. 

Ethyl y-chlorobutyrate, obtained from y-chlorobutyronitrile by the 
method described by Henry (Bull. Soc. Chim., 1885, [ii], 45, 341), 
was digested with the calculated quantity of the sodium compound of 
ethyl methylmalonate for 2 hours, After adding water and extracting 
with ether, an oil was obtained which distilled constantly at 175—178° 
under 33 mm, pressure, and evidently consisted of ethyl a-methyl- 
butanetricarboxylate. This, on hydrolysis with concentrated hydro- 
chloric acid, yielded a-methyladipic acid melting at 63° (Perkin and 
Bone give the melting point as 64°). 

The dissociation constants were as follows: 


v. fie. m. k. 
54°31 15°84 0-0450 0:0039 
108°62 22°46 0:0638 40 
217°24 31:72 0:0901 4] 
434:48 44°86 0°1275 43 
86896 62°56 0:1780 dt 


Temp. 24°4°; uo =352; K=0°0041. 
a-Ethyladipic Acid, CO,H+CH(C,H,)-CH,-CH,-CH,-CO,H.—This 


SS em a. tees a! CO 
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acid has already been obtained by Lean and Lees (Trans., 1897, '71, 
1067), and by Montemartini (Ber., 1896, 29, 1115). 
Thespecimen used in thefollowing experiments was prepared fromethyl 


: a-ethylbutanetricarboxylate, (CO,Et),C(C,H, *CH,°CH,*CH,°CO, Et, 
it boiling at 180—183° under 28 mm. pressure, by hydrolysis with 
to boiling hydrochloric acid and elimination of carbon dioxide. a-Ethyl- 
of adipic acid melts at 48°. 

The dissociation constants were as follows : 
th v. Bu mM. 
0- 47-2 15:08 0:0429 
3, 94°4 20°66 00589 39 
is 188°8 30°20 0°0866 43 
of 377°6 40°63 0°1158 40 
te, 755°2 57°57 01640 43 
er Temp. 24°2°; up» =351; K=0-00415. 
id a-Propyladipie Acid, CO,H-CH(0,H,)-CH,*CH,*CH,*CO,H.—This 
. acid, which has not been previously described, was prepared in a 
ot” similar way to the corresponding a-ethy! acid, namely, by the hydro- 
of lysis of ethyl a-propylbutanetricarboaylate and elimination of carbon 
; dioxide. The last-named ester boils at 200—205° under 30 mm. 
ms pressure. The acid, which melted not quite sharply at 55—59°, was 
5), analysed with the following results : 
- 0:1293 gave 0°2736 CO, and 0'1005 H,O. C=576; H=86. 

C,H,,0, requires C=57°4; H=8'5 per cent.., 

he The dissociation constants were as follows : 
I), ® dia» m. 
. 38-51 13°31 0-0380 
ne 77-02 19°12 0-0546 
fo 154-04 27°35 0-0810 
yh 305-08 38-07 0-1088 
a 601-16 52°53 0°1501 
n 


Temp. 24°4°; pa) = 350; K=0-0042, 


a-ALKYL-PIMELIO ACIDs. 


a-Methylpimelic Acid, CO,H*-CH(CH,):[CH,],*CH,-CO,H.—This acid 
has already been prepared by Zelinsky and Generowsow (Ber., 1896, 
29, 729), and by Einhorn (Annalen, 1897, 205, 175). It melts at 
57—-58°, The determinations of the dissociation constant by Zelinsky 
and Generowsow gave the value K=0°00315. 
a-Ethylpimelic Acid, CO,H-CH(C,H,)*[CH,],°CH,*CO,H.—This acid 
has already been obtained by Crossley and Perkin (loc. cit.), and is 
‘his described by them as an oil. I have somewhat modified their 
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method of preparation in the hope of obtaining the acid in a crys- 
talline condition, but without success. 

If 1 gram-molecule of trimethylene chlorobromide is treated with 
1 gram-molecule of the sodium compound of ethyl malonate in the 
usual way, a 22 per cent. yield of ethyl w-chloropropylethylmalonate 
is produced (Crossley and Perkin, loc. cit., 991), distilling at 145° 
under 18 mm. pressure. When this chloro-ester is heated with a 
large excess of concentrated hydrochloric acid ,(sp. gr. 1°16) for 
6 hours on a sand-bath, and the product extracted with ether in the 
usual way, 5-chlorovaleric acid, CH,Cl-CH,°CH,°CH,°CO,H, is obtained 
asanoil. This, on esterification with alcohol and hydrogen chloride, 
yields ethyl 5-chlorovalerate, CH,Cl‘CH,*CH,°CH,°CO,Et, as a colour- 
less oil, boiling at 120—125° under 40 mm. pressure. This ester was 


analysed with the following result : 


0°1846 gave 01627 AgCl. Cl=21°8. 
C,H,,0,Cl requires Cl = 21°5 per cent. 

The chloro-ester was digested in alcoholic solution with the calcu- 
lated quantity of the sodium compound of ethyl ethylmalonate, water 
was then added, and the oily product extracted with ether, the 
ethereal solution washed with water, dried over calcium chloride, 
and evaporated. The residual oil was purified by fractional distilla- 
tion under reduced pressure. In this way, ethyl ethylpentanetricarb- 
oxylate, (CO,Et),0(C,H,)-[CH,],*CH,°CO,Et, was obtained as a colour- 
less oil boiling at 189—-191° under 20 mm. pressure. On analysis : 


02055 gave 0°4528 CO, and 0°1658 H,O. C=60'1; H=8°9. 
C,,H,,0, requires C= 60°8 ; H=8'8 per cent. 
On hydrolysing this ester with hydrochloric acid in the usual way, 


a-ethylpimelic acid was obtained as a thick oil which even on stand- 
ing for 3 months in a vacuum over sulphuric acid showed no signs of 


crystallisation. 
No determinations of the dissociation constants were made, since the 


acid was not considered pure enough for the purpose. 


THe DissociaTION CoNSsTANTS. 


I have collected, in the table on p. 133, the known dissociation 


constants for the a-alky]-succinic, -glutaric, -adipic, and -pimelic acids. 
The numbers for the succinic acids are from Bethmann’s (Zeit. phys 


ikal. Chem., 1890, 5, 413), and Walden’s (ibid., 1892, 8, 433) papers, ® 


those for glutaric acid and adipic acid from Ostwald’s paper (ibid., 
1889, 3, 170, 241, 369). The value for pimelic acid is the mean of 
those prepared by different methods given in Walden’s paper, and is 
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: Succinic Glutaric Adipic Pimelic 
a-Alkyl radicle. acid. acid. acid. acid. 

RE BORE os.0cesceessncancs 00068 0°0047 0°0037 0°0035 
MY onc ccesecscccossscosoens 0°0085 0°0054 0°0041 0°0031 
Bethy! ....ccccrccesecvcevcsccases 0°0086 0°0056 0°00415 oe 
Propyl is alsiaVnidatnipebahc eadiaikes 0°0089 0°0059 0°00423 _— 
SIND vi ciitierresstwinetien 0°0075 0°0055 — —_ 
EE ocnacst wmanaiitaitial 0-0088 _ ne _ 
ME ss sdaaceaiubinbcieiioas 0:0109 - —_ _ 
BINED: -ntsesictecicescaseces 0°0091 — — _ 


identical for that of synthetical pimelic acid prepared by Perkin’s 
process (Trans., 1887, 51, 241). 
The chief point of interest lies in the fact that, although the avidity 
of succinic, glutaric, and adipic acids increases when hydrogen is 
replaced by an a-alkyl group, yet the effect with pimelic acid appears 
to be the converse of this. For example, the differences between the 
values of this constant for these acids and their respective a-methyl 
derivatives are as follows :— 


: Methylsuccinic acid — succinic acid ...... ..... +0°0017 
| Methylglutaric acid — glutaric acid ............ +0°0007 
r Methyladipic acid — adipic acid................+. +0°0004 
: Methylpimelic acid — pimelic acid............... — 00004 i 
3 
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rs, The effect of the substitution thus appears to become less marked 
id., ~““™™85 the distance between the carboxyl groups increases. These facts 


_ of lay be shown graphically by plotting the number of carbon atoms 
j is (VOL, LXXIX, L 
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in the introduced methyl, ethyl, or propyl group, against the value 
of Kx 104, 

The curves on page 133 indicate : 

(1) The effect of the substitution is greater the heavier the alkyl 
group introduced. 

(2) With succinic, adipic, and pimelic acids the effect of the 
substitution is less marked the further the carboxyl groups are apart, 
as is evident from the gradual flattening of the curves from succinic 
to adipic acid. 

(3) The reversal in the direction of the slope of the curve in the 
case of pimelic acid and its methyl derivative seems to indicate that 
in the suberic, azelaic, and sebacic series a still greater reversal will 
be observed when the dissociation constants of the a-alkyl substitu. 
tion products of these acids have been determined. 
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XIIL—Santalenie Acid. W 
By Atrrep C, Carman, F.I.C. 
A FEW years ago, in conjunction with Mr. H. E. Burgess, I undertook 
an examination of the hydrocarbon obtained by distilling santalol with 
phosphoric oxide, chiefly for the purpose of comparing its properties : 
with those of cedrene. In the preliminary note in which the results 80¢ 
of this investigation were given (Proc., 1896, 12, 140), reference of 
was incidentally made to the formation of a crystalline acid by the ( 
action of oxidising agents on oil of sandal-wood, for which we suggested sol 
the name santalenic acid. At that time circumstances compelled me Cs 
to discontinue the work, but recently I have been able to make a fur- d 
ther study of the properties of this acid and its salts, as well as of = 
the conditions under which it is most readily formed, with the results 
detailed in this paper. 
In my earlier experiments, that fraction of the sandal-wood oil which 
boiled at 301—306° (corr.) was used, but I soon found that it was 
much simpler and more economical to work with the oil itself, Of the Tl 
samples of oil used, which were all of undoubted genuineness, three #40, 
were specially distilled for me. as a; 
As the result of numerous experiments made with the object of that 
ascertaining the conditions under which the best yield was obtained, Sa: 
the following procedure was finally adopted. To 20 c.c. of the oil ins @ jj,.; 
large flask an aqueous solution of potassium permanganate containing BH th. », 


50 grams per litre is added in successive quantities of about 20c¢ 
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at a time, the contents of the flask being thoroughly shaken after each 
addition. At first, the permanganate is rapidly reduced with the de- 
velopment of a considerable amount of heat, but when about two- 
thirds of the solution has been used the oxidation proceeds more 
slowly. After the whole has thus been added, and the reduction is 
complete, the oxides of manganese are filtered off, and the filtrate is 
acidified with sulphuric acid. The precipitated santalenic acid, after 
having been allowed to stand for a short time, is filtered off, thoroughly 
washed with cold water, and dried on a porous tile. Working in this 
manner, an average yield of 20 per cent. was obtained, but it was 
found that this depended to some extent on the origin of the oil used, 
as well as on the rate at which the oxidation was allowed to proceed. 

The air-dried acid is then dissolved in alcohol, and water added until 
the point at which precipitation of the acid occurs is nearly reached. 
On allowing this solution to stand in a cool place for some hours, the 
santalenic acid crystallises out in large, transparent plates, and may 
be further purified by a second crystallisation. After drying in a 
vacuum over sulphuric acid, two different preparations were analysed, 
with the following results : 


0:2010 gave 0°5540 CO, and 0°1695 H,O. C=75:17; H=9°36. 
02105 ,, 05810CO, ,, 01800 H,O. C=75-28; H=9-50. 


C,,H, 0, requires C= 75°00 ; H=9°61 per cent. 


Titration of the Acid with Soda.—Sodium hydroxide (prepared from 
sodium) containing 0°00506 gram Na per c.c. was run into a solution 
of the acid in dilute alcohol, phenolphthalein being used as indicator. 

0494 gram of the acid required for neutralisation 11°4 c.c. of soda 
solution (=0°0576 gram Na). Fora monobasic acid of the formula 
C,sH,.0,, 0°0546 gram Na would be required. 

Molecular Weight.—Two determinations by the freezing point method, 
using acetic acid as solvent, gave the following results : 

Depression of 
Weight of acid. Weight of solvent. freezing point. Mol. weight. 
0°185 gram. 8°807 grams. 0°419° 194 
0388 _,, 8430 ,, 1°030° 173 


These numbers are in fair accordance with the molecular weight 
corresponding with the formula C,,H,,.0,, namely, 208. Using benzene 
as a solvent, much higher numbers were obtained, but it is well known 
that many organic acids give abnormal results in benzene solution. 

Santalenic acid crystallises in thin, colourless plates having a bril- 
liant pearly lustre, is insoluble in water, but dissolves readily in all 
the ordinary organic solvents. It melts at 76°, boils without decom- 
Position at 189° (corr.) under a pressure of 28 mm., and can be distilled 

L 2 
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with steam. Santalenic acid is dextrorotatory. A determination of 
its specific rotatory power in solution in 90 per cent. alcohol gave the 
following numbers : 


e=10; 7=2 dem. ; a, =3°37' ; t=20°; whence [a],>= +18°05° 


The above number is the mean of two closely agreeing observations, 


working with different specimens of the acid. 
When solutions of the metallic salts indicated below were added to 
an aqueous solution of sodium santalenate, the following results were 


observed : 


Zinc sulphate 
Silver nitrate 


Mercuric chloride 
Mercurous nitrate ......... 


Copper sulphate ............ 
Nickel sulphate ............ 
Magnesium sulphate ...... 


eee eeeeseeseere 


eee reereresetece 


eoeseesece 


A pale blue precipitate. 
A pale green precipitate. 

No reaction. 

A white precipitate. 

A white, curdy precipitate. 

A white precipitate. 

A white, granular precipitate. 


Ferric chloride............... A buff-coloured, granular precipitate. a 
Sodium Salt.—This salt was prepared by neutralising a solution of “ 
the acid in dilute alcohol with caustic soda, and is soluble both in at 
alcohol and in water. - 
Wi 
0°649 gave 0'198 Na,SO,. Na=9-88. ch 
C,,H,,0O,Na requires Na= 10:00 per cent. th 
Potassiwm Salt,—Prepared in a similar manner to the sodium salt, al 
It forms a roughly crystalline, deliquescent mass, soluble in alcohol : 
and in water. _ 
rot 
0°332 gave 0117 K,SO,, K=15°81. fol 
C,,H,,0,K requires K = 15°86 per cent. ( 
Ammonium Salt.—The acid dissolves in dilute aqueous ammonia, 
but on evaporating the solution ammonia is given off and a residue of 
the acid left. , / 
Silver Salt,—On adding silver nitrate to solutions of any of the fore- i 
going salts, a white, curdy precipitate is formed which is but slightly oe 
soluble in water and not greatly affected by light. After being dried jae 
in a vacuum over sulphuric acid, it was analysed with the following i ; 
result : I 
almo 
0°2087 gave 0°0725 Ag. Ag=34-74. to se 
C,,H,,0,Ag requires Ag = 34°29 per cent. how 
Barium Salt.—This salt may be obtained either by adding barium Man 


chloride to a strong solution of the sodium or potassium salt, or by 
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neutralising a solution of the acid in dilute alcohol with baryta. It 
is very appreciably soluble in water. 


0098 gave 0°042 BaSO,. Ba= 25-20. 
(C,,H,,0,),Ba requires Ba = 24°86 per cent. 


Strontium Salt.—Prepared in a similar manner to the barium salt. 
It is more soluble in water and more distinctly crystalline than the 
latter. 


0°101 gave 0°037 SrSO,. Sr=17°46. 
(C,,H,,0,).Sr requires Sr = 17°39 per cent. 


The calcium, lead, and copper salts were also prepared and analysed 
with the following results : 


(C,,H,,0,),Ca requires Ca=8°81. Found Ca=9-10 per cent. 
(C,,H,,0,).Pb ,,  Pb=33°33. , Pb=33°70 ,, 
(C,;H,,0,),Cu ,  Cu=13-29. , Cu=13°36_ ,, 


Methyl Ester, C,,H,90,*CH,.—Dry hydrogen chloride was passed into 
a well-cooled solution of the acid in about six times its weight of methyl 
alcohol, When the gas ceased to be absorbed, the contents of the 
retort were poured into water and the excess of hydrochloric acid 
carefully neutralised with soda. The precipitated methyl santalenate 
was then extracted with ether, the ethereal solution dried over calcium 
chloride, and the ether separated by distillation, The methyl ester 
then remaining was purified by distillation under reduced pressure, 
almost the whole of it boiling at 232—234° under 35 mm. 

It is a colourless, oily liquid, possessing a faint but agreeable smell, 
and has a sp. gr. 1°0132 at 15°/15°. It is levorotatory, producing a 
rotation of — 18°13’ in a 100 mm. tube at 20°. On analysis, the 
following results were obtained : 


0'166 gave 0°460 CO, and 0:144 H,O. C=75°6; H=9°63. 
C,,H,,0, requires C = 75°67 ; H=9°91 per cent. 


Bromine Derivative-—Santalenic acid was heated with an excess of 
bromine in chloroform solution for two days under a reflux condenser, 
hydrogen bromide being liberated in considerable quantity. On dis- 
tilling off the chloroform, an oily residue was left, which on standing 
solidified to a crystalline mass. Very great difficulty was experienced 
in purifying this by crystallisation, owing to its great solubility in 
almost all the ordinary organic solvents, and to its marked tendency 
to separate as an oil. From a mixture of benzene and light petroleum, 
however, small needle-shaped crystals were obtained, but they were 
undoubtedly still contaminated with some of the bye-products of the 
bromination process, and attempts to further purify them failed. These 
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crystals melted at 114—115°, and contained Br=40°8 per cent., a 
dibromosantalenic acid of the formula C,,H,,0,Br, requiring Br = 43°71 
per cent. 

In the oxidation experiments above described, the filtrates from the 
santalenic acid on extraction by ether yielded an oily acid liquid having 
a peculiar and characteristic odour. The silver salt prepared from this, 
darkened rapidly on exposure to light, and was much more soluble in 
water than silver santalenate. This acid is now being studied. Acetic 
acid and carbon dioxide were also produced in small quantities. 

It seems not improbable that a further study of the derivatives and 
decomposition products of santalenic acid may throw some light upon 
the constitution of the so-called santalols which form the chief con- 
stituents of the oil. 


XIV.—The Interaction of Ethyl Sodiomethylmalonate 
and Mesityl Oxide. 


By ArtTHur WILLIAM CRossLeEY. 


EXPERIMENTS undertaken with the object of synthesising dihydrocam- 
phoric acid (Trans., 1898, '73, 5, 23) have already been described by 
the author (Trans., 1899, '75, 771). Although non-success has attended 
further efforts to prepare this acid, several new and interesting sub- 
stances have been encountered, and are described in the present com- 
munication (compare Proc., 1900, 16, 90), of which the main object 
was the preparation of a ketonic acid of the formula 
CH,°CO-CH,°C(CH,),*CH(CH,)CO,H. 
It was then intended to add on the elements of hydrogen cyanide to 
the ketonic group, ultimately obtaining a substituted adipic acid. 
Vorlinder (Annalen, 1897, 204, 317) has shown that several of the 
substituted dihydroresorcinols undergo hydrolysis, with rupture of the 
ring, when treated with either barium hydroxide or dilute mineral 
acids. For example, phenyldihydroresorcinol gives rise to f-phenyl- 
y-acetobutyric acid when treated in this manner : 


CH,"COs 4H,*CO,H 
O,H,° OH< oH”. coe CH, + H,O = O,H, ‘CH< GH". .0O'CH, 


It seemed Bini therefore, that the ketonic acid just mentioned 
might be obtained by hydrolysis of trimethyldihydroresorcinol (2: 6- 
diketo-3 : 4 : 4-trimethylhexamethylene) : 


(CHy),0<G py OH” CH,)OOS on, 4 HO = (CH,),0<oH CotoH, as: 
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This substance may be readily prepared in large quantities by 
hydrolysing the compound formed by the condensation of ethyl sodio- 
methylmalonate and mesityl oxide : 


(CH,),0:CH-CO-CH, + NaO(CH,)(00,Et), = 
CH,)(CO,Et)*CO 

OH,),0< CCH sO; EtOH. 

(CHs). OH oo OH + EtOH 


OH,)(CO,Et):C 
(CH,).0<ofy. sXCO,Et) CO>cH, + HO = 


(CH,),0<Gy SO>CH, + CO, + EtOH. 
L. 


That this substance, I, has the constitution ascribed to it, is proved, 
not only by its method of formation, but also by the facts that it gives 
the characteristic reactions of substituted resorcinols, and is converted 
on oxidation with sodium hypobromite into a@f-trimethylglutaric 
acid : 

(CH),O<GH G90, — (CHOSE Cot 

Up to the present, however, it has not been possible to hydrolyse 
this substance and produce the desired ketonic acid by splitting the 
ring. It may, for example, be recovered quantitatively after boiling 
for 16 hours with excess of barium hydroxide. On boiling with dilute 
sulphuricjacid, it appears to suffer some change, and the question of 
its hydrolysis is still being investigated. 

Like the dihydroresorcinols already described (Merling, Annalen, 
1894, 2'78, 20 ; Vorlinder, ébid., 1897, 204, 302), 2 : 6-diketo-3: 4: 4- 
trimethylhexamethylene behaves in some respects as a diketone, giving, 
for example, a well-defined dioxime : 

(08,),0< SH OH ONOE Som, 

Tt may also react as ate hula eaias : 4: 4-trimethylhexamethyl- 

ene (and this appears to be its most usual form) : 


(CH)O<H—ClOH> OH 


when, for example, it yields a silver salt, and this on treatment with 
ethyl iodide gives an ethyl ether : 


[i(CH,),0< CH (CHS) 00 PCH + OHI = 


H,-O(OAg 
Agl + (CH,),0<ou' “0(00,H,) H. 


Towards phosphorus pentachloride, however, it behaves as A**-2 : 6. 
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dihydroxy-3 : 4 ; 4-trimethyldihydroresorcinol (formula I), giving rise to 
A**.2 : 6-dichloro-3 : 4 : 4-trimethyldihydrobenzene (formula II), where 
both oxygen atoms have been removed as hydroxyl groups. 
(CH,):C(OH) C(CH,):CCl 

I. (CH,),0<6G OOP CH: UL. (CH,).0<oy — Goi CH. 
This behaviour is peculiar, as apparently no derivatives of dihydro- 
resorcinol or substituted dihydroresorcinols have been described in 
which these compounds react as though they contained two hydroxyl 
groups. 

Dihydroresorcinol gives a monoacetyl derivative, 


H,—co 
CH oH cacy? Od 


but Merling states (/oc. cit., 23) that he was unable to obtain a diacetyl 
derivative. On this account, the action of the phosphorus haloids and 
other reagents towards substituted dihydroresorcinols is being 
thoroughly investigated. 

The unsaturated nature of diketotrimethylhexamethylene (hydroxy- 
ketonic form) is shown by its behaviour towards bromine, when it 
takes up two atomic proportions forming dibromohydroxyketotrimethyl- 
hexamethylene (formula III.). This is a highly unstable compound, 
readily losing hydrogen bromide to form 1-bromo-2 : 6-diketo-3 : 4 : 4-iri- 
methylhexamethylene (formula IV), from which, conversely, it may be 
prepared by the direct addition of the elements of hydrogen bromide. 


H(CH,)—C 
(CHY),C<on a OH) > CHBr, 
TH. 


(CH, <n dlonyP>oB o or (OH? OH o> CHE® 


When treated with an insufficient amount of sodium hypobromite for 
complete oxidation, diketotrimethylhexamethylene is converted into 4 
dibromo-derivative to which the following constitution is assigned : 


(CH,), CS G9 >OBrp 


because when treated with potash alone it is converted into aff-tri- 
methylglutaric acid and monobromodiketotrimethylhexamethylene 
(formula IV), and when oxidised with sodium hypobromite is quanti- 
tatively changed into a@f-trimethylglutaric acid and bromoform. 


ETHYL SODIOMETHYLMALONATE AND MESITYL OXIDE, 


EXPERIMENTAL. 
Ethyl 2:6-Diketo-3 : 4 : 4-trimethylhexamethylene-3-carboxylate, 
C(CH,)(CO,C,H,)-C 
(CH,),0<ohr s)(CO,0,H;) oo>0H, 


Ethyl methylmalonate was first prepared by pouring ethyl malonate 
into a solution of 5 per cent. more than the theoretical quantity of 
sodium in absolute alcohol, cooling the whole, and then gradually add- 
ing a slight excess of methyl iodide. After working upin the usual 
manner, the liquid was submitted to careful fractionation, and the 
portion boiling between 198—200° used in these experiments. As the 
context shows (see page 142), however, this liquid must have contained 
considerable quantities of unaltered ethyl malonate. 

Twenty-three grams of sodium were dissolved in 275 c.c. of absolute 
alcohol, 185 grams of ethyl methylmalonate added, and after cooling, 
98 grams of mesityl oxide. The mixture, which turned a light reddish- 
brown and became warm, was heated on the water-bath for 10 hours, 
when water was added, the alcohol evaporated, and the alkaline liquid 
extracted * twice with ether. On distilling off the ether, 30 grams of 
a dark red-brown liquid, A, smelling of peppermint were obtained. 
The whole was then acidified with dilute sulphuric acid, and again 
extracted with ether, the ethereal solution washed with water, dried 
over calcium chloride, and the ether evaporated. The residual clear 
yellow oil (207 grams) set almost immediately to a semi-solid mass 
which was spread on a porous plate. After drying, it weighed 120 
grams, B, and on extracting the porous plate with ether 65 grams of 
a dark brown, oily liquid, C, were obtained. 

A. This material has not yet been fully investigated, but, most 
probably, it consists of condensation products of mesityl oxide. Claisen 
and Ehrhardt (Ber., 1889, 21, 1013) have shown that sodium ethoxide 
acts on mesityl oxide with production of several complicated condensa- 
tion products, Probably these compounds are formed during the 
course of the above reaction, despite the fact that excess of ethyl 
malonate was always employed for the express purpose of avoiding the 
presence of free sodium ethoxide. 

B. This substance was purified by rapid crystallisation from a mix- 
ture of chloroform and light petroleum (b. p. 40—60°), when it was 
obtained as a microcrystalline powder melting at 93°5—94-5° (uncorr.). 


0°1172 gave 0°2730 CO, and 0°0842 H,O. C=63:53; H=7:98. 
C,,.H,,0, requires C= 63°71 ; H=7-96 per cent. 


* Unless the alkaline liquid is treated in this manner, the final products are 
difficult to obtain in a pure crystalline condition. 
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Ethyl diketotrimethylhexamethylenecarboxylate dissolves only 
slightly in hot water or light petroleum, but is readily soluble in other 
ordinary organic solvents. When slowly crystallised from a mixture 
of chloroform and light petroleum, it comes down in large, six-sided 
prisms, but is most readily obtained pure as described above. The 
yield (53 per cent. of the theoretical) cannot well be compared with 
that of the ester obtained by condensing ethyl malonate and mesityl 
oxide, for it is impossible to say how much unchanged ethyl malonate 
was contained in the ethyl methylmalonate employed. 

The ester may be distilled under diminished pressure with but very 
slight decomposition, and boils at 190° under 31 mm. Its aqueous 
solution is coloured violet-red by addition of ferric chloride. 

When treated in alcoholic solution with an acetic acid solution of 
semicarbazide, it yields a semicarbazone separating from dilute ethyl 
alcohol in crystalline nodules, melting at 206° with decomposition and 
evolution of gas. 


0°1594 gave 20°4 c.c. moist nitrogen at 14°and 760mm. N=15-06. 
C,,H,,0,N, requires N = 14°84 per cent. 


C. This thick, dark-coloured oil showed no signs of solidifying after 
standing in a vacuum for many weeks, so it was hydrolysed with 
alcoholic potash, acidified with sulphuric acid, extracted with ether, 
and the residue left after evaporation of the ether distilled in a vacuum. 
Two main fractions were obtained, boiling respectively at 140—150° 
and 170—175° under 41 mm. pressure, and a considerable residue re- 
mained which, on cooling, set to a red resin (compare Trans., 1899, 
“75, 773). 

The fraction boiling at 140—150° under 41 mm. pressure smelt 
strongly of fatty acids, and on distilling in air separated into two 
portions, boiling about 118° and 140° respectively and although not 
further investigated, evidently consisted of acetic and propionic acids, 
produced by the hydrolysis of unaltered ethyl malonate and ethyl 
methylmalonate. 

The fraction boiling at 170—175° under 41 mm. pressure solidified 
-completely, and by repeated crystallisation from a mixture of chloro- 
form and light petroleum two compounds were isolated melting at 
148° (with production of a red film) and 100°. These are the melting 
points respectively of 2: 6-diketo-4: 4-dimethylhexamethylene (di- 
methyldihydroresorcinol) and 2 :6-diketo-3 : 4: 4-trimethylhexamethylene 
(see page 143), the occurrence of the former being due to the presence of 
-ethyl malonate in the ethyl methylmalonate employed in the conden- 
sation experiment. 
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2 :6-Diketo-3 : 4 : 4-trimethylhexamethylene (2 : 6-Dihydroxy-3 : 4: 4-tri- 
; ' H(CH,)°C 
methyldihydroresorcinol), (CH,),0<om 9) OO >CHy. 


Onehundredand fifteen grams of ethy] 2: 6-diketo-3 :4:4-trimethylhexa- 
methylene-3-carboxylate were hydrolysed by heating for 12 hours with 
170 grams of pure potassium hydroxide dissolved in alcohol. Water 
was then added, the alcohol evaporated, and the whole acidified with 
dilute sulphuric acid. A small amount of material separated, which 
was insoluble in water or ether, but on boiling with water, carbon 
dioxide was evolved, and diketotrimethylhexamethylene remained, so the 
substance probably consisted of diketotrimethylhexamethylenecarboxylic 
acid. The acidified solution was then extracted with ether, &c., when 
75 grams (calculated 78) of a solid were obtained, which was purified 
by crystallisation from a mixture of chloroform and light petroleum 
(b. p. 40—60°) and analysed : 


0'1172 gave 03012 CO, and 0°0970 H,O. C=70:08; H=9°19. 
C,H, ,0, requires C= 70°13; H=9-09 per cent. 


Diketotrimethylhexamethylene is sparingly soluble in water or 
light petroleum, but dissolves readily in the ordinary organic solvents. 


It crystallises from the above mixture in radiating clusters of needles 
melting at 99°5—100°. When heated in a capillary tube above its 
melting point, it does not give rise to a red film like the dimethyl 
derivative, but at 200—210° evolves gas, becomes light brown in 
colour, and does not resolidify on cooling. Its aqueous solution has 
an intensely acid reaction, effervesces with sodium hydrogen carbonate, 
and gives a violet-red coloration with ferric chloride. 

The silver salt, C,H,,0,Ag, prepared in the usual manner, is a white, 
flocculent precipitate almost insoluble in water. 


0:2402 gave, on ignition, 0°0990 Ag. Ag=41°21. 
C,H,,0,Ag requires Ag = 41-38 per cent. 


The dioxime, C,H.,0,N,, was obtained by adding the calculated 
quantities of hydroxylamine hydrochloride and sodium hydroxide, 
dissolved in the smallest possible quantity of water, to an alcoholic 
solution of the ketone. On standing, the solution became violet and 
gradually deposited crystals, which were filtered off, treated with 
animal charcoal, and recrystallised from dilute ethyl alcohol, from 
which solvent they separate in colourless, four-sided pyramids melting 
at 167°. It is insoluble in chloroform or benzene, but readily soluble 
in methyl or ethyl alcohol on warming. 


01994 gave 27 c.c. moist nitrogen at 17° and 760 mm. N=15-71, 
C,H,,0,N, requires N = 15°22 per cent. 
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The ethyl ether, (CH,) ,0<CH OOOH H,) H, was prepared by 
5 


heating the dry silver salt suspended in om ether with the calculated 
amount of ethyl iodide in a reflux apparatus for 3 hours. The oil 
obtained by evaporating the filtered ethereal solution did not solidify 
even after long standing. It was therefore purified by distillation 
and analysed : 


0°1182 gave 0°3127 CO, and 0°1036 H,O. C=72°16; H=9°74. 
C,,H,,0, requires C=72°52; H=9-90 per cent. 


The ether is a faintly yellow, thick, oily liquid boiling at 265° under 
750 mm. pressure. It is insoluble in cold sodium carkonate solution, 
and when hydrolysed with alcoholic potassium hydroxide is quantita- 
tively reconverted into diketotrimethylhexamethylene. 


Action of Phosphorus Pentachloride on A*®.2 : 6-Dihydroay-3 ; 4: 4- 
trimethyldihydroresorcinol, 


Five grams of the resorcinol were mixed with 14 grams of phosphorus 
pentachloride. A moderate action at once set in with formation of 
a yellow solution, which was heated on a water-bath for half an hour 
to complete the reaction, during which time remarkable colour changes 
took place. The yellow solution first changed to olive-green, and then 
successively to brown, green, indigo-blue, nearly black, and finally 
reddish-brown. The whole was then slowly poured into water 
and extracted with ether, the ethereal solution washed with water, 
dried over calcium chloride, and the ether evaporated, when a thick 
brown liquid was obtained which rapidly deposited crystals, These 
were drained off,* purified by crystallisation from methyl alcohol, and 
analysed : 


0°1400 gave 0:2914 CO, and 0:0740 H,O. C=56-77; H=5'90. 
01504 ,, 0°2260 AgCl. Cl=37'17. 

C,H,,Cl, requires C=56:54; H=6-28; Cl=37-'17 per cent. 
A?*-2 : 6-Dichloro-3 : 4 : 4-trimethyldihydrobenzene, 


(CH,):CCl 
(CHY),O< oy Og OH, 
thus obtained, is insoluble in water, but very soluble in the cold in 
benzene, light petroleum, or acetone, and in methyl or ethyl alcohol on 
warming. From the last-named solvent it crystallises in beautiful, 
long, flattened, glistening needles melting at 77°. 


* The filtrate from these crystals boils undecomposed at 120—125° under 31 mm. 
pressure, but its properties have not yet been further examined. 
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Action of Bromine on Diketotrimethylhexamethylene. 


To a solution of diketotrimethylhexamethylene in dry chloroform, 
a solution of bromine in dry chloroform was added in the dark, until 
the colour of ‘the bromine was no longer destroyed, when hydrogen 
bromide was freely evolved. The whole was placed in a vacuum over 
potassium hydroxide, when it slowly solidified. After purification by 
spreading on porous plates and crystallisation from benzene, the sub- 
stance was analysed : 


0:2366 gave 0°1899 AgBr. Br=34:15. 
C,H,,0,Br requires Br = 34°33 per cent. 


1-Bromo-2 : 6-diketo-3 : 4 : 4-trimethylhexamethylene, 
CH(CH,)-CO 
(CH,),C H,——co>CHBr, 
is insoluble in light petroleum, moderately soluble in hot water or 
benzene, and very soluble in alcohol, acetone, or ethyl acetate. It 
crystallises from benzene in stellar aggregates of colourless, trans- 
parent, glistening plates melting at 151°5° with decomposition and 
evolution of gas. When dissolved in dilute aqueous potassium hydr- 
oxide and treated with sodium amalgam, it is quantitatively reconverted 
into diketotrimethylhexamethylene melting at 100°, and when oxidised 
with sodium hypobromite it is converted into a@f-trimethylglutaric 
acid (see p. 147). 

If during the addition of bromine the whole is cooled in ice, 
comparatively little hydrogen bromide is evolved, and after stand- 
ing for some time a white, crystalline powder is deposited, which on 
exposure to air rapidly evolves hydrogen bromide. It was therefore 
filtered off by the aid of a pump, washed with light petroleum, dried 
as rapidly as possible, and the bromine determined : 


0:1986 gave 0°2450 AgBr. Br=52°41. 
C,H,,0,Br, requires Br = 50°95 per cent. 
Additional bromine determinations in separate preparations gave: 
Br = 53°34, 52°21, and 52°95 per cent. 


The amount of hydrogen bromide evolved on keeping the substance 
in a vacuum over potassium hydroxide was also determined, but was 
always in excess of that calculated : 


1-8530 lost 0°5266 HBr. HBr= 28°42. 
18304 ,, 0°5225 HBr. HBr= 28°54. 
Calculated loss of HBr = 25°80 per cent. 


Although the numbers obtained do not agree either with the calcu- 
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lated amount or with one another, they are sufficiently close to point 
to the fact that this substance is a dibromide formed by the direct 
addition of two atomic proportions of bromine to the hexamethylene 
derivative. 
1 : 6-Dibromo-6-hydrowy-2-keto-3 : 4 : 4-trimethylhexamethylene, 
(CH,),C< or rau ‘OH HBr, 

is a white, crystalline powder iahtide sharply at 87—88°. It cannot 
be obtained pure because it only separates from a solution containing 
excess of hydrogen bromide, and on attempting to crystallise it from 
any solvent, hydrogen bromide is evolved, and the above described 
monobromo-derivative melting at 151°5° separates out. It seemed 
probable, therefore, that this dibromide would be formed by the direct 
addition of hydrogen bromide to monobromodiketotrimethylhexa. 
methylene, which proved to be the case, for if the latter is dissolved 
in dry chloroform and the solution after cooling in ice is saturated with 
hydrogen bromide, on standing a crystalline powder separates melting 
at 87—88° and having identical properties with the above dibromo- 
derivative. 


Action of Sodium Hypobromite on 2 : 6-Diketo-3 : 4 ; 4-trimethylhexa- 
methylene. 


Fifty grams of bromine were poured into 300 c.c. of water cooled to 
0°, and a strong solution of sodium hydroxide was then slowly 
added until the colour of the bromine had disappeared. A solu- 
tion of 12 grams of diketotrimethylhexamethylene in sodium 
hydroxide (14 grams NaOH in 80 c.c. of water) was then poured in and 
the whole allowed to stand for 2} hours. The solution, after separation 
from carbon tetrabromide and bromoform, was acidified with hydro- 
chloric acid, when a copious white precipitate (10 grams) was formed 
which was collected (filtrate=A), purified by crystallisation from 
alcohol, and analysed : 


0°1560 gave 0'1883 AgBr. Br=51°34. 
0°1554 ,, 01868 AgBr. Br=51°15. 
C,H,,0,Br, requires Br = 51°28 per cent. 


1; L-Dibromo-2 : 6-diketo-3 : 4 : 4-trimethylhexamethylene, 
H 
(CH).0<oy SO>CBre, 


is readily soluble in cold chloroform, acetone, or ethyl acetate, but less 
so in hot alcohol, light petroleum, or water. It crystallises from 
alcohgl in well-formed white needles melting at 112°5° without any 
sign of decomposition, and resolidifies at 110°. When boiled with 
aqueous potassium hydroxide, it dissolves and bromoform separates. 
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On acidifying the filtered solution with hydrochloric acid, a white 
solid separates which was collected (filtrate=B) and purified by 
crystallisation from benzene, when it was found to melt at 151°5° with 
decomposition and evolution of gas, and had properties identical with 
monobromodiketotrimethylhexamethylene (see page 145). 

A portion of the dibromo-derivative (m. p. 151°5°) was then further 
treated with sodium hypobromite. The resulting liquid, separated 
from bromoform, gave no precipitate on acidification with hydrochloric 
acid, but after evaporation and extraction with ether, &c., aBB-tri- 
methylglutaric acid melting at 87° was obtained. 

The filtrates A and B, on evaporation and extraction with ether, 
gave further quantities of the same glutaric acid. 


If when treating the hexamethylene derivative with sodium hypo- 
bromite the above quantities are slightly varied (the proportions which 
give the best results are: 80 grams of bromine in 1000 c.c. of water, 
decolorised with sodium hydroxide ; and 20 grams of diketotrimethy]- 
hexamethylene in a solution of 30 grams of sodium hydroxide in 150 
cc. of water), then on acidifying with hydrochloric acid no solid 
separates. On evaporation and extraction with ether, &., a solid 
substance is obtained which dissolves completely in water with a 
very acid reaction, and on saturating the solution with hydrogen 
chloride, crystallises out in beautiful leaflets melting at 87 —88°. 


0°1109 gave 0°2231 CO, and 0°0802 H,O. C=54'86; H=8-03. 
C,H, ,0, requires C= 55°17 ; H = 8-04 per cent. 


In order to further compare this substance with the aff-tr- 
methylglutaric acid described by Perkin and Thorpe (Trans., 1899, 
75, 65), it was converted into the anhydride and this into the anilie 
acid, which crystallised from dilute methyl alcohol in stout needle- 
shaped crystals melting at 150°. 


CHEMICAL LABORATORY, 
St. THomas’s HosPITAL. 


XV.— Ammonium Bromide and the Atom Weight 
of Nitrogen 


By ALEXANDER Scort. 


AurHoucH the whole of the recent work on the ratio of the atomic 
weights of hydrogen and oxygen relatively to one another seems to 
establish that ratio as 1: 15°88 or 1°0075:16, I thought it would be 
not only of great interest, but of the highest importance if this ratio 
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could be determined in some manner totally different from any that 
had been previously attempted and depending in no way on determin- 
ations of the composition of water. 

The ideal method was to find some atom or group of atoms which 
unites with hydrogen and with oxygen to produce compounds of sufii- 
cient stability for their equivalent weights to be accurately deter- 
mined. We seem to have this in the three bases—hydrazine, ammonia, 
and hydroxylamine, which for this purpose may be regarded as having 
the formule NH,, NH,, NH,O, hydrazine having one hydrogen atom 
less and hydroxylamine one oxygen atom more than ammonia. 

The hydrobromides of these bases seem from their general properties 
admirably adapted for comparison with one another by determining in 
each case the equivalent amount of pure silver. 

Although the preparation and purification of the substances and 
the necessary careful study of their adaptability for the end in view 
has occupied rather more than two years, it was not anticipated that 
any serious difficulty would occur in the case of the central member 
of the group, ammonium bromide. Nevertheless, such is the case, and 
the explanation of the discrepancies which exist between the classical 
work of Stas and my own is by no means easy. 

Stas (@uvres, 1, 812) gives the ratio of ammonium bromide to silver as 
98-032:107-93, whereas I find only 97-995 : 107-93 ; the corresponding 
values for ammonium are 18:077 and 18°040, and for the atomic 
weight of nitrogen 14°047 and 14°010. 

Stas deduced the value above stated from seven experiments on 
samples of ammonium bromide prepared in different ways and ap- 
parently always against the same sample of silver. 

He states (Joc. cit., p.790) “On le sait,le bromured’ammonium peut étre 
volatilisé sans décomposition dans un courant de gaz ammoniac sec, 
Dans le but de me procurer ce sel a l'état compacte et partant facile a 
peser et 4 manier, j’ai essayé d’avoir. recours 4 cette volatilisation, 
mais aprés plusieurs tentatives infructueuses, j’ai été obligé d’y re- 
noncer. En effet, 4 une température trés-peu supérieure 4 sa volatili- 
sation, il se dissocie, du brome méme devient parfois libre. On con- 
state aisément la présence de ce corps par la coloration de la vapeur 
du bromure, et par la coloration en jaune du sel condensé, qui a produit 
des fumées lorsqu’on |’a chauffé dans de l’ammoniaque seche.” 

The italics are those of Stas himself. He further remarks that his 
bromide, which was brilliantly white and remained so indefinitely at 
the ordinary temperature under a bell jar over potash, lost its white- 
ness and became greyish (gris@tre) when heated in air at temperatures 
above 100°, that this greyness increased as the salt was heated from 
115° to 180°, and that the whiteness was only partially restored by 
heating it in a current of ammonia. 
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All my samples were also brilliantly white aad showed no greyness 
when heated in air to 180°, although they lost their sparkling white- 
ness ; this was due, however, to a change in the surface of the crystals 
owing to the slight sublimation which takes place when the salt, 
imperfectly dried, is heated to that temperature. No difficulty was 
experienced in subliming the salt either in a vacuum, in a mixture 
of ammonia and hydrogen, or in pure ammonia itself, and no trace of 
yellow coloration was observed in any instance, the condensed salt 
being a somewhat horny, translucent mass. 

The silver employed was prepared from the pure silver of commerce 
by dissolving it in nitric acid, evaporating the solution to dryness, and 
fusing the salt for twenty minutes, the fused mass was then dissolved in 
water, filtered and kept gently boiling for several Hours with 10 to 15 
grams of freshly precipitated silver oxide, the oxides of lead, copper, 
and iron being thus precipitated and apparently completely removed. 

After filtration, the solution of silver nitrate thus purified was added 
in small quantities at a time to a solution of equivalent quantities of 
ammonium formate and acetate sufficient to reduce rather more than 
the total silver nitrate added. The solution of ammonium formate and 
acetate was made by distilling pure formic and pure acetic acids 
into a solution of ammonia (which had been prepared by passing well 
washed ammonia into pure redistilled water in a porcelain beaker) 
until the solution was strongly acid ; everything of a nature not very 
easily volatile was thus completely excluded from the reducing agent. 
It was suitably diluted and raised to the boiling point in a flask of 
special non-attackable glass and the silver nitrate solution added. 
The reaction which takes place is : 


HCO,NH, + 2AgNO, = NH,NO, + HNO, + 2Ag + CO, 
and CH,-CO,NH, + HNO, = NH,NO, + CH,-CO,H, 


the use of the ammonium acetate being merely to exchange the liberated 
nitric for acetic acid. After being thoroughly washed and dried, the 
silver was fused with a little pure sodium and potassium carbonates 
along with a little nitre, granulated, and the above process repeated, 
the reprecipitated and thoroughly washed silver being raised to a low red 
heat in a muffle and kept in the easily divided form thus obtained. Only 
two or three milligrams of ferric oxide were separated by the second 
treatment from a kilogram of silver. 

This silver was notably better than a sample prepared with the utmost 
care by the cuprous ammonium sulphite method so much employed for 
the purification of silver. 

The hydrobromic acid employed was made in two ways: (1) by dis- 
tilling potassium bromide with somewhat diluted sulphuric acid and 
frequent redistillation (Squibb’s process), and (2) by the reduction of 
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bromine to hydrobromic acid by means of sulphurous acid, as Ig have 
described (Trans., 1900, '7'7, 649). al 

The ammonia was also from two sources: (1) from ammonium sul- 
phate drastically treated with nitric and sulphuric acids, and (2) from 
potassium nitrite reduced by means of zine which had been fused 
with lead oxide. In both cases, all the precautions given by Stas § 18 
were rigorously adhered to and in some cases even exceeded. 

The balance chiefly employed in the weighings was an excellent one 
by Bunge and the weights were of platinium-iridium made by Messrs, J _ 
Johnson, Matthey & Co. and adjusted with great accuracy by Oertling. | # 

The silver, after being heated over a spirit burner in pure hydrogen | § 
and weighed, was dissolved in a carefully stoppered bottle in pure 
nitric acid (sp. gr. 1°42), the bottle standing on the water-bath for an alk 
hour. After complete cooling, the pressure inside the bottle was 
almost always considerably less than that of the atmosphere, so that 
water could be drawn in when the stopper was carefully removed and | Po 
all possible loss of silver thus avoided. 

The silver nitrate solution was then diluted and kept on the water- 
bath until both the solution and the atmosphere above it were quite 
colourless. 

The ammonium bromide, heated in almost every case to 180° for 
some hours in a current of hydrogen which had been bubbled. through 
pure ammonia solution and dried by passing over solid soda and metallic 
sodium, was weighed after being cooled in a vacuum, then dissolved and I 
added to the silver solution in a room lit with red light only, the 
whole vigorously shaken, and this shaking frequently repeated. The 
excess of silver or bromide remaining in solution was determined 
(usually after two days) by means of standard solutions (which were § 7y;, 
in all cases weighed). the 

In the following summary all the weights given are reduced to 
vacuum weighings, and corrected for all errors in the face values of 


the weights. The atomic weight of silver is taken as 107°93. T 
To test the effect of sublimation on the salt, the third crop of crystals § pure 
obtained by evaporating to dryness the mother liquors from the am- § un/fy 
monium bromide used in series IV and V below was employed. (a 
Obtained in this way, it was likely to be abnormally acid, and there ) 
fore would tend to give a low equivalent. Sam 
(a). Not sublimed, dried in hydrogen and ammonia at 180°. (b 
489631 NH,Br = 5:39380 Ag “, NH,Br = 97:975. v. 

(b). Sublimed once in Spreng] vacuum, but not dried or treated § Pure 
further. Th 
and ¢ 

245925 NH,Br = 2°70914 Ag “. NH,Br = 97:972. left i 
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(c). Sublimed twice in Sprengel vacuum, and dried in hydrogen 
and ammonia at 180°. 


3°29478 NH,Br = 3°62928 Ag .. NH,Br = 97-982. 


(d). Sublimed in hydrogen and ammonia and heated in the same at 
180° for some hours. 


446957 NH,Br = 4:92273 Ag .. NH,Br = 97:994. 


(a), (b), and (c) show by their low equivalents that they were dis- 
tinctly acid, which acidity was only overcome by sublimation in a 
strongly ammoniacal atmosphere. 

The other samples of ammonium bromide were crystallised from 
alkaline solutions. The solutions of the dried bromide, like those of 
Stas, were all strongly acid to litmus. 

I. Ammonia from ammonium sulphate. Hydrobromic acid from 
potassium bromide. Silver reduced by formate. 


(a). 420661 NH,Br = 4°63303 Ag “, NH,Br = 97-996. 
(b). 423664 NH,Br = 466644 Ag .. NH,Br = 97-989. 


II. Ammonia from potassium nitrite. Hydrobromic acid from 
potassium bromide. Silver reduced by formate. 


(a). 431464 NH,Br = 475175 Ag “. NH,Br = 98-001. 
(b). 6°19233 NH,Br = 6°82047 Ag .. NH,Br = 97-990. 


IIT. Same ammonium bromide asin I. Silver reduced by cuprous 
ammonium sulphite. 


877664 NH,Br = 9°66788 Ag .. NH,Br = 97-981. 


This silver was found to contain 0:0018 gram of ferric oxide, hence 
the true equivalent weights are : 


877664 NH,Br = 9°66608 Ag .. NH,Br = 97-999. 


IV. Ammonia from ammonium sulphate. Hydrobromic acid from 


pure bromine. First crop of crystals. Silver reduced by formate 
unfused. 


(a). 10-47233 NH,Br = 11:53416 Ag .. NH,Br = 97-994 


Same, but the silver fused on pure calcium phosphate cupel. 
(b). 491997 NH,Br = 5°41834 Ag .. NH,Br = 98-0028. 


V. Ammonia from ammonium sulphate. Hydrobromic acid from 
pure bromine. Second crop of crystals. Silver reduced by formate, 
The ammonium bromide was sublimed in a current of pure ammonia, 
and allowed to cool for 4 hours in it at the atmospheric pressure, then 
left in a vacuum for 36 hours over sulphuric acid. It was then divided 
M 2 
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into two portions, one of which was left 54 hours longer over 
sulphuric acid in a vacuum, when 


(a). 5-00442 NH,Br = 551164 Ag *. NH,Br = 97-997. 


The other portion was dried as usual in hydrogen and ammonia at 
180°, when 


(b). 517914 NH,Br = 5°70390 Ag .*. NH,Br = 98-000. 


VI. In order to test in the severest manner possible the quality of the 
silver employed, at the suggestion of Professor Dewar I reduced the 
silver bromide obtained in series IV (a) by pure hydrogen ; one part of 
this was fused on a pure calcium phosphate cupel by means of a mouth 
blow-pipe of glass fed by pure hydrogen, and cooled in hydrogen, then 
thoroughly cleaned by treatment first with pure hydrochloric acid 
and then with ammonia, and heated for some time in hydrogen. 
When compared with the ammonium bromide of series IV, it was 
found : 


(a). 484099 NH,Br = 5°33177 Ag .*. NH,Br = 97-995. 


The other portion was fused on a cupel of pure lime made as 
Richards recommends by igniting a mixture of 3 parts of pure lime and 
1 part of pure calcium nitrate, and treated as above. It was weighed 
and then heated for nearly an hour in a Sprengel vacuum at the 
boiling point of sulphur, and afterwards to as high a temperature as 
the combustion tube would stand, and cooled in the vacuum. Its 
weight was unchanged, and no gas was extracted from it. 


(b). 5°10677 NH,Br = 5°62515 Ag .. NH,Br = 97-984. 


This seems to corroborate the statement of Stas that the silver 
fused on calcium phosphate is purer than that fused on pure calcium 
oxide. It also looked more brilliant, although the dulness of that 
fused on the lime was due partly to a small quantity of lime dust 
floating on the surface. 

The silver bromide precipitated was collected after several of the 
titrations, in order to determine whether the silver and the bromiae 
were strictly comparable with those of Stas. To ensure the whole of 
the silver being precipitated, a few drops of pure hydrobromic acid were 
always added. The silver bromide was collected in a porcelain Gooch 
crucible on a filter of the finest asbestos, which had been very care 
fully purified by means of sulphuric and nitric acids. It was then 
heated to 180°, and after an hour or so at this temperature was dried 
perfectly, even with the largest quantities collected. Fusion of the 
bromide resulted in the loss of a few tenths of a milligram only, 
which by blank experiments was shown to be due to the asbestos 
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filter. No difficulty was encountered in getting both the crucible and 
filter, and these together with the silver bromide and chloride, to give 
weights constant to one-tenth of a milligram. 

The whole of the filtrate was evaporated to dryness in each case to 
see if any foreign matter could be detected, or if any silver bromide 
had passed through. In only one case was anything weighable found, 
and that was in the case of the silver reduced by means of cuprous 
ammonium sulphite (series III) when 0°0018 gram of ferric oxide was 
obtained. The weights of silver bromide are obviously more likely to 
be too low than too high from experimental errors. 


II. (b) 682315 Ag gave 11°87733 AgBr. 
.. 100 Ag = 174-074 AgBr. 
Stas found 174-080. 


ITI. 9°66809 Ag gave 1682816 AgBr. ’ 
.. 100 Ag = 174:059 AgBr. 
corr. for Fe,O, 174-090. 


IV. (b) 541906 Ag gave 9°43315 AgBr. 
.. 100 Ag = 174:0735 AgBr. 


V. (a) 551258 Ag gave 959596 AgBr. 
.. 100 Ag = 174:074 AgBr. 


(b) 5°70686 Ag gave 9°93346 AgBr. 
.. 100 Ag = 174:062 AgBr. 


VI. (a) 5°33191 Ag gave 9:28093 AgBr. 
.. 100 Ag = 174:064 AgBr. 


(b) 5°62572 Ag gave 9°79254 AgBr. 
.. 100 Ag = 174:067 AgBr. 


A further interesting corroboration of the value found above for 
ammonium bromide as it involves different samples of ammonia, 
hydrobromic acid, and silver, as well as personal equation, is that in 
August, 1882, Mr. C. T. Heycock and the author prepared ammonium 
bromide which was titrated as above against silver prepared by the 
cuprous ammonium sulphite method, the titration being done by Mr. 
Heycock, The mean of two experiments in each of which over 7 
grams were used was 97:993. 

As Mr. Heycock was working at the time on the atomic weight of 
rubidium, and along with Professor Dewar I was working at the 
atomic weight of manganese, our object in then preparing ammonium 
bromide was to have a salt which we thought could be prepared easily 
at any time and used as a standard substance to determine the purity 
of any sample either of hydrobromic acid or of silver, but as our 
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value differed from that of Stas, only these two determinations were 
made, and the salt condemned as unsuitable for our purpose. 

Two determinations were made with ammonium chloride ;: the 
ammonia was from the purified ammonium sulphate used in the ex- 
periments on the bromide, and the hydrochloric acid was the pure acid 
of commerce diluted till just under constant boiling point strength 
and boiled gently for some hours, a few crystals of potassium chlorate 
being added at intervals, all chlorine and chlorine oxides were then 
expelled by boiling, and the acid distilled first through a glass and 
then through a platinum condenser. 


(a). 4°78257 NH,Cl = 9-64484 Ag .. NH,Cl = 53519. 
(b). 5°51744 NH,Cl = 1112810 Ag .. NH,Cl = 53518, 


The silver chloride was collected from (a) when with the standard 
ammonium chloride solution added, it was found that 


4°7850 NH,Ol gave 12°82048 Ag(l. 
If AgCl = 143°387 then NH,Cl = 53°5165, 


which is the mean of the two titration values. The value given by 
Stas is 53°532. 

The situation may be thus summed up: 

The values obtained by Stas for the equivalents of ammonium bromide 
and chloride are 98°032 and 53°532, whereas mine are 97°995 and 
53°516 respectively. That is to say, my results are in the first case 
1/2650, and in the second 1/3350 lower than those of Stas, so that if I 
admit 1/3000 impurity in my silver this would explain the discrepancy, 
especially as the value for ammonium and therefore for the atomic 
weight of nitrogen deduced by Stas from the bromide and from the 
chloride agree so well : 


(18:075 from the chloride), 
(18-077 __—i«,, bromide), 


whilst my values for ammonium do not, but are 18°040 from the 
bromide and 18-059 from the chloride. 

But my silver and my bromine agree exactly with those of Stas as 
shown by the weight of silver bromide produced from a given weight 
of silver. Moreover, the ammonium bromide of Stas seems to have 
contained some foreign matter, most probably platinum, in vessels of 
which he largely made his preparations. I found that I could use 
platinum vessels for hydrochloric acid and chlorides but not for hydro- 
bromic acid, as the latter attacks platinum when warmed in presence 
of air in vessels of this material. 

The value for ammonium chloride calculated from the data given 
by Marignac (Bibl. Univ. Geneve, 1843, 46, 367) is 53-486, but I tave 
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been unable to find how he purified his silver ; but it is obvious that it 
must have been very pure, as he found that 100 parts of silver were 
equivalent to 110°343 of potassium bromide, whilst Stas found (as the 
mean of 14 experiments) 110°345. A further proof of the purity of 
my silver is given in the paper on the preparation of pure hydrobromic 
acid above referred to, where my value for this ratio is shown to be 
110°349. 

I gave some of my silver to Sir W. Crookes when I had no reasons 
for suspecting any impurity, and he informed me that it was the purest 
silver he had ever tested spectroscopically, giving fewer lines than a 
specimen which he had until then regarded as pure, but which on 
comparison with mine was shown to contain traces of copper. 

Every titration performed has been given above as well as every 
gravimetric determination with the exception of two in which some of 
the precipitated silver salt was unfortunately lost during transference 
from the bottle to the filter, these being the silver bromide in IV (a) 
and the silver chloride in (b). No two determinations were made in 
exactly the same way throughout, even with those in the same series, 
but the extreme values differ very little and in no case has any value 
approached that of Stas. 

It is obvious that further determinations of ammonium chloride 
and also some of ammonium iodide must be made in order to clear up 
the discrepancies indicated above. Until this has been done it would 
be premature to discuss the value for the atomic weight of nitrogen 
as deduced from the equivalent weights of ammonium haloid salts. 


Davy FarapAy RxsEARcH LABORATORY 
OF THE RoyAL INSTITUTION, 


XVI—The Nitration of the Three Tolweneazophenols. 
By Jonn Tueopore Hewitt and James Henry LInpDFIe.p. 


EXPERIMENTS which have been made on the nitration of benzeneazo- 
phenol with dilute nitric acid (Hewitt, Trans., 1900, ‘77, 49) and with 
the strong acid in sulphuric acid solution (Noelting, Ber., 1887, 20, 
2997) lead to the conclusion that in the former case the substance 
reacts as a phenolic compound, whereas under the latter conditions its 
behaviour coincides with that which might be expected from a phenyl- 
hydrazone of quinone. More recently it has been shown that benzene- 
azosalicylic acid is quite analogous in its interactions with nitric acid, 
benzeneazo-o-nitrosalicylic acid being obtained on nitration with warm 
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dilute nitric acid, and p-nitrobenzeneazosalicylic acid on nitration with a 
mixture of concentrated nitric and sulphuric acids (Hewitt and Fox, 
Trans., 1901, '79, 49). 

In order to obtain further evidence of the generality of this reaction, 
the three isomeric tolueneazophenols have been nitrated with dilute 
acid and compared with the substances obtained by coupling toluene- 
diazonium salts with nitrophenol. In each case, identical products 
were obtained, but as in the case of benzeneazo-o-nitrophenol, far 
better yields were obtained by nitrating the oxyazo-compounds than 
by coupling the diazotised bases with o-nitropheuol. 

o-Tolueneazo-o-nitrophenol, CH,*C,H,*N:N*C,H,(NO,)-OH 

(CH, : N,: NO,:OH=2':1:3: 4). 

—A solution of 10°7 grams of o-toluidine in 30 grams of concentrated 
hydrochloric acid and 30 grams of water was thoroughly cooled ex- 
ternally with ice and salt and diazotised with 7:1 grams of sodium 
nitrite (97 per cent.) dissolved in 15 c.c. of water. The diazotised 
solution was added to 13°9 grams of o-nitrophenol in 100 c.c. of well- 
cooled methylated spirit containing 27 grams of powdered crystallised 
sodium acetate. The mixture was allowed to stand overnight and 
then the alcohol and unattacked o-nitrophenol were removed in a 
current of steam. The azonitrophenol was extracted from the tarry 
residue by ammonia, precipitated by hydrochloric acid and recrys- 
tallised from glacial acetic acid. The yield was extremely small. 

The same substance was also obtained in good yield by gently warm- 
ing 10 grams of finely-powdered o-tolueneazophenol with a mixture of 
20 c.c. of nitric acid (sp. gr. 1°36) and 60 c.c. of water. The reaction 
set in at about 40°, the thermometer then rapidly rising to 50°; water 
was added to reduce the temperature to below 40° and the mixture 
left for half an hour. The precipitate was collected, washed, and 
twice recrystallised from glacial acetic acid. The corrected melting 
point of the substance is 146°; a mixture of the two preparations 
showed no depression of melting point. 


0°2560 gave 36-4 c.c. moist nitrogen at 15° and 765 mm. N=167. 
C,,H,,0,N, requires N = 16°3 per cent. 

The substance is very soluble in acetone or chloroform, fairly so in 
acetic acid, benzene, carbon disulphide, or ethyl acetate, but only 
sparingly so in alcohol or light petroleum. 

The acetyl derivative, obtained by heating the azophenol (1 part) 
with fused sodium acetate (1 part) and acetic anhydride (24 parts) on 
the water-bath, forms golden-yellow needles after it has been recry’ 
tallised from acetic acid. 


0°1380 gave 17°1 c.c. moist nitrogen at 26° and 754 mm. N=13%. 
C,;H,,0,N, requires N =14-1 per cent. 


THREE TOLUENEAZOPHENOLS. 


The substance melts at 108° and dissolves very easily in non- 
hydroxylic solvents with the exception of light petroleum. 

The benzoyl derivative, obtained by boiling the substance gently with 
an equal weight of benzoyl chloride for 1 hour, forms red, prismatic 
crystals on recrystallisation from benzene. It melted at 118°, soften- 
ing having previously taken place at about 105°. 


0'1300 gave 13°8 c.c. moist nitrogen at 22° and 760 mm. N=12°0, 
C,)H,,0,N, requires N = 12-06 per cent. 


In non-hydroxylic solvents, except light petrolenm, the substance 
dissolves easily although to a less extent than the acetate. 

The ethyl ether is obtained in very poor yield by the usual means, 
An idea of the incompleteness of the ethylation is furnished by the 
details of the following experiment. 0°15 gram of sodium was dis- 
solved in 10 c.c. of 98 per cent. ethyl alcohol, 1°7 gram of o-tolueneazo- 
o-nitrophenol was then added, and after allowing the mixture to stand 
for several hours to ensure complete conversion into the sodium salt, an 
excess (2 grams) of ethyl bromide was added, The tube was heated 
for 3 hours at 100—110°, and, after cooling, the contents were poured 
into dilute sodium hydroxide solution and the ethyl ether collected, 
well washed, and recrystallised from spirit. Only 0°17 gram was obtained, 
and the unattacked azophenol was easily recovered from the alkaline 
solution by acidification.* Particular attention has been called to 
this resistance to alkylation, since the m- and p-tolueneazo-o-nitro- 
phenols give good yields of the ethyl ethers under similar conditions, 


00962 gave 12'9 c.c. moist nitrogen at 21° and 764mm. N=15°3. 
C,,H,,0,N, requires N = 14:7 per cent. 


The ethyl ether forms orange needles, which melt at 83° ; it is fairly 
soluble in hot ethyl alcohol. 

m-Tolueneazo-o-nitrophenol [CH,:N,:NO,:OH=3':1:3:4] was 
obtained by both methods, the two preparations individually and when 
mixed showing the same melting point. It is very necessary to have 
the m-tolueneazophenol in a state of purity before nitration, otherwise 
tarry mixtures are obtained from which the isolation of a pure sub- 
stance is difficult, although a fair separation may be effected by 
dissolving the crude preparation in hot dilute ammonia solution, 
allowing to cool, filtering, and precipitating the azonitrophenol from 
the filtrate by means of hydrochloric acid. After several recrystal- 
lisations, the substance separates from glacial acetic acid in nearly 
black, prismatic crystals melting at 127°. By recrystallisation from 
light petroleum to which a little ethyl acetate has been added to 
increase the solubility, it can be obtained, however, in fine, yellow 


* In the particular experiment. described above, 1*1 gram was thus recovered. 
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needles melting at 128°5°. This alteration of melting point when a 
different solvent is used is not great, but shows that the removal of 
the last traces of impurity is no simple matter. 


0°1926 gave 26°0 c.c. moist nitrogen at 15° and 760mm. N=16-0, 
C,,H,,0,N, requires N = 16°3 per cent. 

Attempts which were made to introduce acetyl or benzoyl groups in 
place of the hydrogen of the phenolic hydroxyl group proved abortive, 
although the o- and p-isomerides acetylate and benzoylate easily and 
normally. By long-continued boiling with acetic anhydride and fused 
sodium acetate, or with benzoyl chloride, oily products were obtained 
which dissolved in alkali. Even when the azophenol was boiled for 
10 minutes with four times its weight of benzoyl chloride, and then 
allowed to stand in the cold for 3 days, it was found that the crystals 
which had been deposited from the solution consisted of unaltered 
azophenol. The great resistance to acylation is remarkable and de- 
serves further attention ; perhaps future work may give some clue to 
the cause. 

Alkylation by means of sodium ethoxide and ethyl bromide is, how- 
ever, readily effected. 

The ethyl ether was prepared similarly to that of o-to] ueneazo-o-nitro- 
phenol, and a good yield obtained ; it separates from alcohol in small, 
brown crystals which melt at 92°. 


0°1065 gave 13:4 c.c. moist nitrogen at 17° and 764mm. N=147. 
C,;H,,0,N, requires N=14°7 per cent. 

p-Tolueneazo-o-nitrophenol [CH,:N,: NO,:OH =4':1:3 :4] is pro- 
duced by nitration at about 40°, and, with care, very nearly theoretical 
yields may be obtained. In one case, 20 grams of p-tolueneazophenol 
yielded 23 grams of dried, crude nitro-compound, which, after recrys- 
tallisation from glacial acetic acid, furnished 19 grams of substance 
melting at 147°. In this case, the constitution of the substance was 
also settled by comparison with a specimen obtained by coupling 
benzenediazonium chloride with o-nitrophenol. The substance, which 
forms brown leaflets, is very soluble in benzene, chloroform, or carbon 
disulphide, and fairly so in acetic acid, acetone, ethyl alcohol, ether, 
or ethyl! acetate, but almost insoluble in light petroleum. 

0°1360 gave 0:3035 CO, and 0°0640 H,O. C=60'2; H=5-2. 

071248 ,, 17:3 c.c. moist nitrogen at 15° and 768 mm. N=164 

C,,H,,0,N, requires C=60°6 ; H=4:3; N=16-3 per cent. 

The acetyl derivative, which was obtained in the usual way, crystal- 

lises from acetic acid in small, brown prisms melting at 94°. 


0°1173 gave 14-0 c.c. moist nitrogen at 15° and 772 mm. N=142. 
C,H, ,0,N, requires N =14°1 per cent. 
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The benzoyl derivative was prepared by boiling the azophenol with: 
three times its weightrof benzoylchloride for 1 hour. After recrystalli- 
sation from a large quantity of spirit, the corrected melting point was 
found to be 129°. 


0:0829 gave 8°9 c.c. moist nitrogen at 29° and 756 mm. N=11°6. 
C,,)H,,0,N, requires N = 12-06 per cent. 


The substance, which forms small, yellow plates, is easily soluble in. 
solvents of non-hydroxylic character, with the usual exception of light 
petroleum ; it is fairly soluble in acetic acid, but, on the other hand, 
is only sparingly dissolved by alcohols. 

The ethyl ether was obtained by the usual method ; it separated 
from alcohol as brownish needles melting at 118°.$ 


0'1405 gave 18:2 c.c. moist nitrogen at 16° and 766 mm. N=15'l.. 
C,;H,,0O,N, requires N = 147 per cent. 


Benzeneazo-o-nitrophenyl ethyl ether was prepared for purposes of 
comparison by heating benzeneazo-o-nitrophenol with sodium ethoxide- 
and ethyl bromide, After the usual purification and recrystallisation 
from spirit, small, brownish needles (frequently arranged in radiating 
groups) melting at 93° were obtained ; the yield was good. 


01168 gave 16-0 c.c. moist nitrogen at 24°and 753mm. N=15°'5.. 
C,,H,,0,N, requires N = 155 per cent. 


The substance dissolves sparingly in cold ethyl alcohol, fairly easily 
in benzene or carbon disulphide, and readily in acetone. 

The melting points of the substances described in this paper, and 
also those of the corresponding derivatives of benzeneazo-o-nitrophenol,. 
are given in the following table: 


Phenol. | Ethylether.| Acetate. 


Benzeneazo-o-nitrophenol..|  128°5° 93° 120°5° 
0-Tolueneazo-o-nitrophenol. 146 83 108 
m-Tolueneazo-o-nitrophenol 128°5 92 | — 
p-Tolueneazo-o-nitrophenol. 147 116 94 
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XVII.—The Bromination of o-Oxyazo-compounds and 
its bearing on their Constitution, 


By Joun THeopore Hewitt and Henry ABLETT PHILLIPs, 


THE constitution of the o-oxyazo-compounds has for some years been a 
matter of considerable discussion. These, as well as the p-deriva- 
tives, were at the time of their discovery looked upon as hydroxylic 
compounds, this view being first of all disputed by Liebermann (Ber., 
1883, 16, 2929). Zincke and Bindewald’s discovery that phenylhydr- 
azine reacts with a-naphthaquinone with production of benzeneazo-a- 
naphthol ( Ber., 1884, 1'7, 3026), whilst with B-naphthaquinoneasubstance 
strongly resembling, although not identical with, benzeneazo-8-naphthol 
is obtained (Joc. cit. 3029), led the two latter chemists to look upon 
p-oxyazo-compounds as true azophenols, but upon the o-oxyazo-com- 
pounds, however, as hydrazones. The possibility then arose that all 
the substances hitherto regarded as hydroxyl derivatives of azo- 
compounds might perhaps be hydrazones of quinones, 

Many attempts have been made to settle this question. Reduction 
of alkyl and acyl derivatives has led to somewhat conflicting state- 
ments, although, speaking generally, the alkyl derivatives may be 
regarded as of the true azo-type, that is, they are oxygen ethers both 
in the ortho- and the para-series (Compare Meldola and Morgan, 
Trans., 1889, 55, 608, 609 ; Witt and Schmidt, Ber., 1892, 25, 1013; 
Jacobson, Annalen, 1895, 287, 97, &e.). 

Experiments with acyl derivatives have not given such definite 
results, for whilst in certain cases the scission of these derivatives 
seems to have been complete and primary amines obtained, from 
which the conclusion might be drawn that acylation had not taken 
place with respect to the nitrogen atom, in others acylated amines 
and aminophenols have been isolated as sole products of the reduc- 
tion; for example, the acetyl derivative of benzeneazo-p-cresol 
yields only acetanilide and amino-p-cresol (Goldschmidt and Bru- 
bacher, Ber., 1891, 24, 2301; compare Meldola, Phil. Mag., 1888, 26, 
403 ; Meldola and Morgan, Trans., 1889, 55 114 ; Meldola and Forster, 
Trans., 1891, 59, 710; Meldola, Hawkins, and Burls, Trans., 1893, 
63, 923 ; Meldola and Hanes, Trans., 1894, 65, 834). Goldschmidt 
was indeed inclined to regard the oxyazo-compounds as in all cases 
quinonehydrazones acylating with respect to a nitrogen atom. The 
incorrectness of this view was proved by McPherson, who found 
that as-benzoylphenylhydrazine condenses with benzoquinone to 
form an isomeride of the benzoyl derivative of benzeneazophenol (Ber., 
1895, 28, 2414; Amer. Chem. J., 1899, 22, 364). Since McPherson's 
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compound must be acylated with regard to nitrogen, the substance 
obtained by the benzoylation of benzeneazophenol must have the 
constitution 

C,H,°N-N-C,H,°0-CO-C,H,. 

The balance of evidence would seem to be in favour of the acyl as 
well as the alkyl derivatives being oxygen ethers. Quite recently, 
however, Méhlau has shown that benzeneazotetramethyldiaminobenz- 
hydryl-a-naphthol, 


C,H,N:N-C,,H,[CH(C,H,-N[CH,],),]OH, 


reacts towards acetic anhydride as if it were a quinonehydrazone of 
the constitution 
C,H,"NH-N:C,,H,[CH(C,H,*N[CHg],),]:0, 

its acetyl derivative giving a practically quantitative yield of acet- 
anilide on reduction (Ber., 1900, 33, 2858). From this fact and the 
further observation that other p-oxyazo-compounds react readily with 
tetramethyldiaminobenzhydrol, Méhlau draws the conclusion that 
the p-derivatives must be represented as quinonehydrazones. 

In so many instances do compounds undergo change in constitution 
on alkylation or acylation, that any conclusions drawn from the 
structure of derivatives must of necessity be doubtful; oxyazo-com- 
pounds so easily unite with acids to form additive products of the 
quinonehydrazone type that the production of a nitrogen ether from 
an oxyazo-compound might easily take place according to the scheme : 


NR:N-C,,H,0H — sls COSNHR-N:0,HsO0 — 
C,H,-CO-NR-N:0,,H,:0. 


On the contrary, the acylation of a quinonehydrazone with regard 
to oxygen would not be surprising, 


R‘NH-N:C,,H,:0 — R-NEN:CH5<.00.0,H, — 
R-N:N-C,,H,‘0-CO-0,H,; ; 


in fact, it would closely correspond to the conversion of a quinone- 
hydrazone salt into the azophenol through the intermediate stage of 
the “ pseudohydrate”’ (to use Hantzsch’s nomenclature), which in the 
case of p-ethoxybenzeneazophenol, for instance, can be represented in 
the following manner (compare Auwers, Ber., 1900, 33, 1302): 


“sH.O-C Ho WH, -N:0,H,:0 —- 0,H,0-0,H,:-NH-N:0,H,(0H), — 
C,H,0-C,H,’N-N°C,H,°OH. 
It might be expected that physical measurements would give the 
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most trustworthy results in a case of this sort, and Auwers and Orton's 
method (Zeit. physikal. Chem., 1896, 21, 355) of determining the 
molecular weight in non-hydroxylic solvents seemed to give a definite 
solution to the problem of the constitution of the oxyazo-compounds, 
Broadly speaking, hydroxylic compounds exhibit association in solu- 
tions in benzene and naphthalene, hydrazones, on the contrary, do not; 
and corresponding to this difference of behaviour, the p-oxyazo-com- 
pounds give abnormal, whilst the o-oxyazo-compounds give normal, 
values when their molecular weights are determined. The conclusion 
that the ortho-compounds are quinonehydrazones and the para-com- 
pounds true azoplienols agrees well with the insolubility of the former 
and the ready solubility of the latter in cold dilute alkalis. 

To obtain chemical evidence in favour of this view, both Auwers and 
Hewitt (Auwers, Ber., 1900, 33, 1302 ; Hewitt, Trans., 1900, '7'7, 99; 
Hewitt and Aston, ibid., 712, 810; Hewitt and Fox, this vol., 49; 
Hewitt and Lindfield, ibid., 155) have instituted experiments on the 
behaviour of oxyazo-compounds with bromine and dilute nitric acid, 
the conditions chosen being such as to preclude salt formation. In the 
case of the p-oxyazo-compounds, the results obtained were such as were 
to be expected for true hydroxyl derivatives, and it may be pointed 
out that in such substitution experiments the group to be detected is 
not directly attacked but only used to influence the course of substi- 
tution ; a hydroxyl derivative of azobenzene should be substituted in 
the phenol nucleus, a quinonephenylhydrazone, on the other hand, in 
the benzene nucleus of the phenylhydrazine residue. 

The results obtained for the p-oxyazo-compounds have been fully in 
accordance with Auwers’ view that these substances are true hydroxylic 
compounds in the free state, and it seemed to be an interesting 
problem to continue the study of the substitution of oxyazo-com- 
pounds in the ortho-series. Using benzeneazo-p-cresol as material, it 
was confidently expected that either the p- or the o-bromobenzene- 
azo-p-cresol would be obtained on brominating in glacial acetic acid 
solution in the presence of sodium acetate. On carrying out an 
experiment it was found that a monobromo-derivative was indeed 
produced, which, however, on comparison, immediately proved not to 
be p-bromobenzeneazo-p-cresol ; on synthesising the corresponding 
o-bromobenzeneazo-p-cresol, a substance was obtained which differed 
from the direct bromination product of the azocresol in no very 
marked degree with regard to melting point, As the purity of any 
o-bromobenzeneazo-compound must depend on the purity of the 
o-bromoaniline diazotised, considerable care must be exercised in the 
purification of this base. A pure sample of o-bromoaniline having been 
obtained by a process which will be subsequently described, it was 
diazotised and coupled with alkaline p-cresol. A beautiful azo-com- 
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pound was obtained which in appearance showed a close resemblance 
to the product of the bromination of benzeneazo-p-cresol, but whereas 
the latter melts at 123°, o-bromobenzeneazo-p-cresol melts con- 
stantly at 116°, and a mixture of the two substances indefinitely at 
about 90°. Finally, benzeneazobromo-p-cresol of the constitution 


(,H,*N:N-C,H,Br(OH)-OH, [N, : OH : Br: CH, =1: 2:3:5] 


was prepared by the coupling of diazotised aniline with o-bromo-p- 
eresol and found to be identical with the product we had obtained by 
the action of bromine on the oxyazo-compound. 

Hence benzeneazo-p-cresol brominates as if it were a true hydroxylic 
compound, a result which is at variance with the physical results of 
Auwers and scarcely agrees with the insolubility of the o-oxyazo- 
compounds in alkalis. 

Of such behaviour only three explanations seem possible : 

1, That the o-oxyazo-compounds are true hydroxylic derivatives. 

2. That the o-oxyazo-compounds behave in solution in hydrocarbon 
solvents as quinonehydrazones, but in acetic acid solution on the 
contrary are hydroxyl derivatives of azo-compounds. 

3. That in solution the two forms are in equilibrium, but the 
oxyazo-form is so much more reactive than the quinonehydrazone that 
only the derivatives of the first form are obtained in appreciable yield. 


EXPERIMENTAL. 
Bromination of Benzeneazo-p-cresol. 


5'3 grams of benzeneazo-p-cresol and 5 grams of fused sodium acetate 
are dissolved in 150 c.c. of glacial acetic acid, and 4 grams of bromine 
dissolved in 5 c.c. of glacial acetic acid are added gradually from a 
dropping funnel, the temperature being kept below 12° The 
brominated compound separates out, being less soluble than the 
benzeneazocresol. On warming, the substance passed into solution 
and separated on cooling in long red needles; these were collected, 
washed, and dried ; the corrected melting point is 123°. If the substance 
is fractionally crystallised, the separations have the same melting 
point, showing that only one substance results in any appreciable 
quantity on the bromination of this 0-oxyazo-compound. 

Synthesis from diazotised Aniline and o-Bromo-p-cresol.—12°5 grams 
of o-bromo-p-cresol were dissolved in 8 grams of sodium hydroxide and 
about 100 c.c. of water. 6:2 grams of aniline were dissolved in 14 c.c. 
of strong hydrochloric acid and about 100 c.c. of water. The latter 
solution was treated with 4°8 grams of sodium nitrite dissolved in a 
little water, the solution of the diazonium salt then being added to 
that of the bromocresol. Coupling took place with considerably greater 
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readiness than has been noticed in the case of o-dibromophenol and 
o-nitrophenol. After being allowed to stand for 2 hours, the precipitated 
oxyazo-compound was collected, washed, and extracted with alcohol, 
The alcoholic solution was allowed to slowly evaporate to dryness; a tarry 
mass, in which groups of crystals were distributed, was thus obtained, 
On washing this with cold glacial acetic acid, the tar was dissolved, 
the crystals being to a certain extent undissolved. The crystals were 
collected and recrystallised from ether ; the substance was then found 
to melt at 121°. By dissolving it in ether with an equal quantity 
of the substance obtained by the bromination of benzeneazo-p-cresol, 
and allowing the solution to gradually crystallise, brilliant red needles 
melting sharply at 123° were obtained. Hence there is no doubt 
that the two substances are identical, and that in the bromination of 
benzeneazo-p-cresol bromine takes up the ortho-position to the hydroxyl 
group. 

Benzeneazo-o-bromo-p-cresol is very sparingly soluble in dilute 
alkalis ; it is very soluble in ether, benzene, or hot glacial acetic acid, 
and fairly so in alcohol, acetone, or light petroleum. 


0°2078 gave 0°1362 AgBr. Br=27°9. 
C,,H,,ON,Br requires Br = 275 per cent. 


The acetyl derivative, obtained by boiling this compound with three 
times its weight of acetic anhydride for 2 hours, forms brilliant orange- 
red needles after recrystallisation from alcohol. 


0°1572 gave 11°9 c.c. moist nitrogen at 23° and 750 mm. N=8'6. 
C,;H,,O,.N,Br requires N = 8:4 per cent. 
The substance is very soluble in acetone or benzene, and is taken 
up fairly readily by alcohol, acetic acid, or light petroleum. It melts 
at 83°, 

The benzoyl derivative was prepared by boiling with an excess of 
benzoyl chloride. After destruction of the excess of the acid chloride 
with cold spirit, the substance was collected and recrystallised from 
boiling spirit, from which it separates in small, yellowish-orange 
needles. 


0°1133 gave 6°8 c.c. moist nitrogen at 20° and 766 mm. N=6°. 
C,,H,,0,N,Br requires N=71 per cent. 


This compound, which melts at 110°, is very soluble in acetone oF 
benzene, fairly so in acetic acid or ether, but only sparingly so ™ 
alcohol or light petroleum. 
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o-Bromobenzeneazo-p-cresol. 


As has been explained in the introductory part of the paper, it was 
at one time thought that this substance was identical with that ob- 
tained by the bromination of benzeneazo-p-cresol. The first preparation 
was made with an ordinary specimen of o-bromoaniline, and separated 
as minute, orange crystals melting at 113°. Since the substance 
yielded unsatisfactory acetyl and benzoyl derivatives, it was concluded 
that the o-bromoaniline used was contaminated with the para-isomeride, 
and that the o-bromooxyazo-compound was likewise mixed with a small 
quantity of p-bromobenzeneazo-p-cresol. This supposition proved to 
be correct, although even when o-bromobenzeneazo-p-creSol is obtained 
ina state of purity it does not melt higher than 116°. 

As o-bromonitrobenzene is never obtained pure commercially, and 
as o-bromoaniline is usually somewhat impure, the following process, 
which furnishes a pure base, has been devised. Commercial o-nitro- 
bromobenzene is reduced in the usual way with tin and hydrochloric 
acid, and the base driven over with steam after the solution has been 
rendered alkaline. The crude o-bromoaniline is collected, and slightly 
more than a molecular proportion of acetic anhydride added; the 
mixture becomes warm, and on dilution with water the acetobromo- 
anilide is precipitated. This is recrystallised from alcohol until it shows 
aconstant melting point (99°) ; it is then hydrolysed by boiling with 
aqueous caustic potash, and distilled over in a current of steam. On 
distillation, the base passes over with a constant boiling point. 

If this pure base is dissolved in acid, diazotised, and then coupled 
with alkaline p-cresol, an oxyazo-compound is obtained which crystal- 
lises from hot acetic acid in the form of brilliant, dark-red needles 
melting sharply at 116°. A mixture of this substance with about an 
equal weight of benzeneazo-o-bromo-p-cresol melted at about 90°. 


01606 gave 14 c.c. moist nitrogen at 20° and 762 mm. N=9°9. 
C,,H,,ON,Br requires N = 9°6 per cent. 


0-Bromobenzeneazo-p-cresol dissolves moderately in ether, benzene, 
acetone, or acetic acid, but is sparingly soluble in alcohol or light 
petroleum. 

The acetyl derivative.—When the pure o-bromobenzeneazo-p-cresol 
is boiled with acetic anhydride, a well defined compound is obtained, 
Which crystallises in flat, orange-brown needles and melts sharply 
at 85°, 


0:2959 gave 22°8 c.c. moist nitrogen at 20° and 762 mm. N=8°8. 
C,;H,,0,N,Br requires N = 8°4 per cent. 
VOL, LXXIx. N 
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This substance is very soluble in acetone, benzene, or ether, but 
less so in acetic acid, light petroleum, or alcohol. 

The benzoyl derivative also crystallises well in small orange plates 
when prepared from the pure oxyazo-compound ; its solubilities re- 
semble those of the acetyl derivative. The substance melts at 106:5° 


0°1166 gave 6°6 c.c. moist nitrogen at 12° and 768 mm. N=6°75. 
C.)H,,0,N,Br requires N =7°1 per cent. 


m-Bromobenzeneazo-p-cresol. 


m-Bromobenzeneazo-p-cresol was prepared in the usual manner. It 
forms small, orange-brown needles which melt at 112° and dissolve 
readily in acetone or benzene, moderately in acetic acid, ether or light 
petroleum, and only sparingly in cold alcohol. 


0°1482 gave 0°2948 CO, and 0:0506 H,O. C=54:25; H=3'8. 
01949 ,, 01248 AgBr. Br=27°3. 
C,,H,,ON,Br requires C=53°6 ; H=3°8 ; Br=27'5 per cent. 


These compounds usually give very high values for carbon on analy- 
sis, no doubt owing to the presence both of halogen and nitrogen. 

The acetyl derivative forms small, dark reddish-brown crystals melting 
at 61—62° which are easily soluble in benzene or ether, and moderately 
so in other solvents. 


0:2085 gave 15°8 c.c. moist nitrogen at 20° and 762 mm. N =8'7. 
C,,H,,0,N,Br requires N = 8°4 per cent. 


The benzoyl derivative melts at 94° and forms very small, yellow 
crystals. It dissolves easily in acetone or benzene, moderately in 
acetic acid or ether, but only sparingly in alcohol or light petroleum. 


0°1220 gave 0:2755 CO, and 00406 H,O. C=615; H=4-0. 
C.)H,,0,N.Br requires C= 60°6 ; H=4°0 per cent. 


p-Bromobenzeneazo-p-cresol. 


This substance forms small, orange leaflets melting at 147°. It dis- 
solves fairly in most solvents, but only sparingly in light petroleum. 


0°1894 gave 16:4 c.c. moist nitrogen at 20° and 766 mm. N=9°%. 
C,,H,,ON,Br requires N = 9°6 per cent. 


The acetyl derivative forms small, bright orange crystals melting at 
123°. It is very soluble in acetone or benzene, and is taken up fairly 
readily by most other solvents with the exception of light petroleum. 


02052 gave 15°2 c.c. moist nitrogen at 20° and 762 mm. N=8'4. 
C,,H,,0.N,Br requires N = 8°4 per cent. 
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The benzoyl derivative melts at 112° and separates from solution in 
very small crystals. 


01585 gave 10:0 c.c. moist nitrogen at 23° and 753 mm. N=7°2. 


eS 
as C,,H,,0,.N,Br requires N =7°1 per cent. 
" Its solubilities, although less than, resemble those of the acetyl 
derivative. 
East LONDON TECHNICAL COLLEGE. 
It 
re XVIII.—The Influence of Solvents on the Rotation of 
| Optically Active Compounds. I. Influence of Water, 
Methyl Alcohol, Ethyl Alcohol, n-Propyl Alcohol, and 
Glycerol on the Rotation of Ethyl Tartrate. 
By T. 8. Partrerson. 
ily- ALTHOUGH at the present time the results of a considerable number of 
investigations relative to the influence of solvents on the rotation of 
ing optically active compounds are available, they seem insufficient to 
tely allow of the deduction of any satisfactory generalisations. A few 
theories have been suggested attributing the phenomena observed, for 
i instance, to difference of solubility of the active substance in the 
various solvents used or to the formation of chemical combinations of 
active substance and solution, but no one of these can be said to have 
llow met with much success, The work already done appears to be neither 
im suficiently extensive nor sufficiently systematic. Only in the case of the 
> application of the electrolytic dissociation. theory to explain the simi- 
larity of the rotations of dilute aqueous solutions of different salts of 
the same optically active acid or base, do facts and theory correspond, 
and this, however satisfactory the correspondence may be, is merely a 
verification of the dissociation theory ; it does not help us at all to 
+ dis understand the general effect of solvents on the rotation of optically 
~ active substances. For, supposing that the active ion could be obtained 
wi fee in two different solvents, it would in all probability not have the 
9°9. ame rotation in each. Different solvents would presumably have 


liferent effects on active ions just as they have on undissociated com- 
pounds, and it seems also impossible to explain the behaviour of solu- 
tions of optically active substances by assuming varying degrees of 
electrolytic dissociation in each. This property of causing electro- 
lytic dissociation to any considerable extent is only possessed by a few 
liquids ; in the rest, the physical molecular weight of the solute is the 
N 2 
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same as the chemical niolecular weight, or it is greater. The question 
whether the existence of the solute as associated, simple, or dissoci- 
ated molecules in solution merely depends on some one property of 
solvents. which is developed to a different degree in each, does not yet 
seem to admit of answer. ° 

However that may be, the theory which asserts that variation of 
rotation and varying degree of association are causally connected with 
each other has received a certain amount of credence. In the case of 
homogeneous compounds, P. F, Frankland (Trans., 1899, '75, 347) has 
been able to trace a very interesting connection between the abnormal 
(that is, @ priort unexpected) rotations often shown by the lower mem- 
bers of homologous series of active compounds and their association 
factor as calculated by I. Traube’s method, and several investiga- 
tions have been undertaken with the object of ascertaining whether 
a direct connection could be proved between the rotation and associa- 
tion factors of an optically active substance in solution. The evidence 
which has thus been collected is unsatisfactory ; it perhaps does not abso- 
lutely disprove the possibility of the connection sought for, but it leaves 
plenty of room for doubt as to its probability. The whole question 
of rotation in solution is one still requiring much careful investigation, 
and it is the object of this paper, as it will be of succeeding ones, to add at 
least something to the data on the subject. As the possible connec- 
tion of association and rotation arises naturally in discussing the ex- 
periments detailed below, the short criticism of existing work whichis 
necessary is introduced further on (p. 184). 

Ethyl] tartrate has been chosen for investigation for the present, 
since it can be obtained pure without much difficulty, has a sufficiently 
high rotation to allow of fairly accurate measurement, and is miscible 
in all proportions with many organic solvents, so that it is possible to 
draw complete concentration curves, and, finally, has a simple con- 
stitution which is fairly well understood. The ethyl tartrate used in 
this investigation was prepared by boiling tartaric acid with ethyl 
alcohol (in the proportion of 1 molecule to 4) for some hours. The 
solution was then cooled and saturated with hydrogen. chloride at 4 
low temperature. After an interval of about 12 hours, the gas was 
removed as far as possible in a vacuum and further expelled, along 
with excess of alcohol, by heating on a water-bath at a low pressure. 
A weight of alcohol equal to that previously used was then added and 
the solution again saturated with hydrogen chloride, which was driven 
off as before. The residual ethyl tartrate was carefully fractionated 
several times under about 15 mm, pressure until two successive fractions 
had identical rotations. 

The observed rotation of the product thus prepared was, from the 
figures given on p. 198, + 9°244° ina 100 mm. tube, and the specific rota- 
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tion, therefore, +7°67°. This value agrees well with that found by 
other investigators who have prepared the ester in the same manner, 
as the following figures show : 

t 


od @D 
Pictet (Jahresber., 1882, 356) ...........0.ccseeeeeeee ees 20° = + 9236° 
Perkin * (Trans., 1887, 51, 368) ...................s000 20 9°65 
Rodger and Brame (Trans., 1898, '73, 304)............ 20°1 9°37 
Frankland and Patterson (Trans., 1898, '73, 188)... 20 9°31 
Frankland and McCrae (Trans., 1898, '73, 310)...... 20 9°323 


The optical behaviour of ethyl tartrate in water, methyl alcohol 
and ethyl alcohol has already been studied by Landolt (Annalen, 1877, 
189, 311), who, however, in his experiments used an ester having a 
specific rotation of +8°31° at 20° and a density 1:1989. That these 
values do not agree with those of other investigators he assumes to be 
due to admixture with some inactive impurity, probably alcohol. 

The following investigation is somewhat more extensive than his, 
especially with regard to temperature, it being possible from the 
figures and curves given to deduce the rotation of ethyl tartrate in 
each of the solvents dealt with, at any temperature within the limits 
of the experiments and at any concentration whatever, with fair 
accuracy. 

The instrument used was a Laurent half-shadow polarimeter reading 
direct to one minute. It is fitted with a large jacket which for use 
at higher temperatures is filled with hot water and allowed to cool 
down slowly, observations being made at intervals as the desired 
temperatures are reached. For readings at 100°, steam is passed 
through the jacket until the rotation is constant. The liquids to be 
examined are contained in tubes differing only slightly from the 
ordinary form. Fig. 1 shows at A and B two different forms for the 
ends, 

In A, a short piece of indiarubber tubing is drawn past the end of 
the tube so as to project a little beyond the disc, over which it folds to 
some extent. It is then squeezed against the dise by the brass ring, 
Which is screwed to a corresponding metal collar fitting against the 
glass flange at the end of the tube. 

B shows the end of a tube of different form, which was made by 
Messrs. Schmidt and Haensch, Berlin. The end is flanged as before, 
but is then ground out so that the disc fits closely into position and 
flush with the face of the tube. A rubber washer, which has only a 
very small annular space to cover, is held in position by brass end 


* Perkin, in the course of his preparation, dissolved the ester in ether, and treated 
the solution with anhydrous potassium carbonate, which seems to have effected 
some slight purification beyond that accomplished by simple distillation. 
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pieces. This isa very suitable form but much more troublesome to 
make than the other. 

The tubes are also fitted with a lateral tube, C, for filling and to 
allow of expansion of the liquid on heating. This is constricted at 
the distal end, which is ground flat so as to be about } inch in dia- 
meter. When the tube has been filled so that no air bubble can be 
seen on looking through it, the open end of the side piece is closed 
with a small microscope cover-glass held in position by a rubber band, 
A small rubber balloon is then slipped over the side piece. This 
arrangement is found to prevent evaporation very satisfactorily, the 
density of the solution and the rotation, as will be observed from the 
figures given, being, in most cases, almost identical before and after 
the observations at higher temperatures had been made, even when 
the heating had been carried up to within ten or fifteen degrees of the 
boiling point of the solvent. 
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The rotations are recorded in the order in which they were observed, 
so that a comparison of the first and last figures will show to what 
extent evaporation of the solution has affected the experiments. 

The densities, which are all relative to that of water at 4°, were 
determined by means of Ostwald pyknometers of about 8 c.c. capacity. 
The error of a determination is probably not more than about three or 
four units in the fourth place. 

Percentage composition throughout this paper is understood to mead 
grams of active substance per 100 grams of solution. 

The expression “after experiment” attached to some of the density 
-data means that the determination was made with the solution taken 
from the polarimeter tube after the rotation had been observed. 

The observed rotations are generally given to three places of deci- 
mals, since two successive determinations, each the mean of ten settings 
of the instrument, agree usually'to within a few units in the third 
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place. The specific rotation is, however, only given to two places of 
decimals, and in many cases the probable error of a figure for specific 
rotation may be fairly large, although seldom more than 0°1°, even with 
dilute solutions. 

Nearly all the experimental data in this paper are represented by 
the curves shown in the different figures, and since these give a com- 


.prehensive idea of the results very much more quickly and clearly 


than the numbers themselves, the latter have been collected and 
placed at the end of the paper, where reference can easily be made to 
them when necessary. 

The rotation of ethyl tartrate is known to be very sensitive to 
change of temperature, but although observations have been recorded 
at 100° and at 20° by various observers and between 12° and 20° by 
Perkin (Trans., 1887, 51, 368), the rotation does not appear to have 
been examined at temperatures between 20° and 100°. 

The rotation of pure ethyl tartrate at various temperatures was 
therefore first determined. The figures obtained will be found on p. 
198 and the curve obtained from them is shown in Figs. 2, 3, 4, 5, and 6 
(the fiducial points being only introduced, however, in Fig. 2), in order 
that the rotation of the free substance and its solutions may be easily 
compared, 


Ethyl Tartrate in Water. 


Solutions of percentage composition 1, 2°5, 4999, 9°994, 24954, 
49-993, 74:99, were made up and examined at various temperatures. 
The figures obtained will be found on pp. 199—201, and the results are 
plotted in Fig. 2 as curves which show clearly the behaviour of the 
rotations of aqueous solutions of ethyl tartrate with regard both to 
temperature and to concentration, the former being, however, the more 
obvious. It will be noticed that the curves show a slight amount of 
irregularity, which is due to the fact that the solutions were heated up 
first to a comparatively low temperature and the rotation observed, 
then allowed to cool, and another observation made in order to see 
whether the heating had produced any permanent effect on the rota- 
tion of the solution. The heating was then again carried to a higher 
temperature than before, another observation made, the solution 
allowed to cool again, and so on. 

The results show that ethyl tartrate is rather more stable in aqueous 
solution than might have been expected. A 50 per cent. solution 
may be heated up to 75°, and kept at that temperature for some time 
Without showing, on cooling, any noticeable change in rotation, and 
this applies to other solutions as well. Only a very slight decrease is 
noticeable in the rotation of a 5 per cent. solution even after standing 
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for fifteen days, although a 10 per cent. solution showed a greater 
change after standing a shorter time. 

It is apparent from the curves shown in Fig. 2 that the specific 
rotation of ethyl tartrate is profoundly modified by solution in water, 
as was indeed already known from the experiments of Landolt, and 
from the evidence adduced later on (p. 181) there seems no reason 
whatever to ascribe this to chemical action of the solvent on the ester, 


Fic. 2.—Specific rotation of aqueous solutions of ethyl tartrate. 
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The curve for a solution of p=75 lies considerably above that for the 
free ester, the specific rotation of the solution at all temperatures for 
which the curve holds is greater then that of the pure tartrate, and at 
the same time, it should be carefull-- noticed, the influence of tempera- 
ture upon the rotation becomes less marked ; the curve for the solution 
is flatter than that for the ester. Both these influences are more 
evident in a p= 50 solution; the specifié rotation is again increased, 
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the observed rotation for this solution being actually greater than that 
caused by the same tube filled with pure ethyl tartrate, and the specific 
rotation of the solution instead of increasing with increase of tempera- 
“ture, exhibits just the opposite behaviour, diminishing slightly. The 
specific rotation gradually increases with further dilution up to a com- | 
position of y= 10, when the maximum influence of the solvent appears 
to be reached, since the value of [a]f is almost identical for solutions 
of p=10, 5, 2°5, and 1. A 10 per cent. solution may, apparently, so 
far as rotation is concerned, be regarded as one infinitely dilute, and 
this maximum influence which the water can exert on the ethyl tar- 
trate molecules dissolved in it, not only increases the rotation of the 
latter to between three and four times its original value, but pro- 
duces such a condition in them that increase of temperature causes a 
diminution in their rotation to nearly the same extent that it produces 
arise in the rotation of the free ester, the latter effect being quite as 
remarkable and interesting as the former. 

Landolt’s experiments seem to show that the rotation of a solution 
of ethyl tartrate in water is a linear function of the concentration. 
This, however, is not borne out by my results, as will be seen by 
reference to Fig, 8, where, amongst others, the concentration rotation 
curve for aqueous solutions is shown. The curve is nota straight line, 
even between p= 25 and p= 100, but is at first concave to the concen- 
tration axis and then convex to it, having a point of inflection at about 
p=50. 


Ethyl Tartrate in Methyl Alcohol. 


The figures obtained in the examination of solutions of ethyl tar- 
trate in methyl alcohol for which p=5,10, 25-01, 56, and 75 will be 
found on pp. 202—204. They are represented graphically in Fig.3, which 
shows the variation in specific rotation with change of temperature. 
The general appearance of the curves is in all eases similar, but they 
possibly tend to approach one another somewhat at higher tempera- 
tures, although only very slightly, and they preserve also practically the 
same form as that of the homogeneous ester at any rate up to about 
60°. On mixing ethyl tartrate, then, with methyl alcohol, the rotation 
of the dissolved molecules slowly increases, the influence of the alcohol 
seeming to reach its maximum when the dilution has been carried to 
about p=10, since the curve for a y=5 solution coincides almost 
exactly with that of one for which y= 10, though perhaps it is just a 
litle higher.* This variation of ‘rotation with concentration can be 
sen from Fig. 8. As the dilution ihereases the rotation also increases 


* The curve for p=5 is not shown in the figure, since the fiducial] points are apt 
to be confused with those for a p=10 solution. 
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to a maximum of about +11:25°, the influence of methyl alcohol 


being therefore much less than that of water, but in this case, what- 


ever change takes place in the molecule on solution, increase of tempera- 
ture has the same effect as on the free ester, the rotation increases, 
whilst in water it diminishes. 


Ethyl Tartrate in Ethyl Alcohol. 
The solutions examined in the cases of this solvent were of 5, 10°94, 
20, 40, and 60°01 per cent. The experimental figures will be found 


Fic. 3.—EZthyl tartrate in methyl alcohol. 
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on pp. 204—206, and are represented graphically in the accompanying 
diagram, Fig. 4. It is obvious from the curves obtained that the 
general behaviour of ethyl tartrate in ethyl alcohol is much the same 
as in methyl alcohol, although the latter has a markedly greater effect. 
The specific rotation of dilute solutions is slightly higher than that of 
the homogeneous substance, but as will be seen from the concentra- 
tion-rotation curve (Fig. 8), the effect of increasing dilution in this 
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and the previous case is different. Addition of methyl alcohol to ethyl 
tartrate causes at first a fairly rapid increase in rotation, which be- 
comes gradually less and less as the dilution increases. Addition of 
ethyl alcohol, however, causes little or no change in specific rotation 
until the percentage composition of the solution is about 60. Further 
addition of alcohol then causes increase of specific rotation, the rate of 
increase being greater the more dilute the solution becomes. The 


Fic. 4.—Ethyl tartrate in ethyl alcohol. 
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curve obtained is therefore convex to the concentration axis, the 
maximum effect of the ethyl alcohol being only reached in infinitely 
dilute solution. 

It may be noticed, too, from Fig. 4 that, although the effect of in- 
crease of temperature on the ethyl alcoholic solutions and on ethyl 
tartrate is much the same up to about 50°, it appears to be somewhat 
different at higher temperatures when the influence of increasing 
temperature has less effect on the pure ester than on its solutions. 
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Ethyl Tartrate in n-Propyl Alcohol. 


The n-propyl alcohol which was used in this investigation, although 
bought as pure, proved to be levorotatory, but only to so slight 
an extent that the influence of the impurity is probably completely 
eliminated by the introduction of a small correction in calculating the 
specific rotation from the data obtained (see p. 207). 2°5, 5, 7°71, 


Fic. 5.—EZthyl tartrate in n-propyl alcohol. 
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10, 17-5, 25, 37°51, 49°83, and 74-99 per cent. solutions were examined. 
The experimental numbers will be found on pp. 208—210, and are repre- 
sented graphically by the curves in Fig. 5. The curves for four of 
these solutions are, however, omitted in the diagram, as their intro- 
duction only tended to cause confusion. 

The influence of the other solvents examined is to increase the 
specific rotation of the dissolved ethyl tartrate, but this effect of the 
solvent becomes less in passing from water to methy] alcohol and ethyl 
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alcohol, and in n-propyl alcohol becomes such that at low temperatures 
the rotation is depressed below that of the free ester. The specific 
rotation of a p=75 solution is at 20° about 1°1° lower than that of 
pure ethyl tartrate, the addition of alcohol to give a solution of 
p=49°83 diminishing the specific rotation still more. With further 
dilution, however, the specific rotation gradually rises again, the curve 
for p= 25 lying above those for the concentrations just mentioned, so 
that when p=5, the specific rotation of the solution is almost as high 


Fic. 6.—LZthyl tartrate in glycerol. 
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as that of the free ethyl tartrate. The specific rotation of a solution, 
however, never seems to quite equal that of the pure ester, and at 20° 
*ppears to be constant for any concentration less than p= 10, which is 
apparent from the curve marked “propyl alcohol” in Fig. 8. No 
solution, therefore, of ethyl tartrate in propyl alcohol below 30° has a 
rotation as great as that of the pure ester; but it should be noticed 
that since the rate of variation of specific rotation with variation of 
temperature is distinctly greater in the solutions, and especially in the 
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more dilute ones, than in the free ester, this does not hold at tempera- 
tures above about 36°. 

Another interesting fact to which attention may be drawn is the 
existence, for any temperature within the limits of these experiments, 
of a concentration of minimum rotation. Only a few similar cases 
are known, and in this one the phenomenon is very distinctly marked, 
As will be seen from Fig. 8, the minimum value of the specific 
rotation (+6°4°) occurs (at 20°) when p=57. For other tempera- 
tures, the concentration at which it occurs is different, being greater 
the higher the temperature. 


Ethyl Tartrate in Glycerol. 


The data for these solutions will be found on pp. 211—213. The 
curves in Fig 6 represent the results obtained in the examination of 
solutions containing 5, 9°9, 23°45, 48°12, 69°93, and 89-98 per cent. of 
ethyl tartrate. The curves do not always pass exactly through the 
experimental points,* the irregularity being due to the fact that these 
experiments were carried out before the others and with apparatus 
less suitable than was obtained later. 

It will be noticed in the first place that the specific rotation of 
ethyl tartrate may suffer considerable variation by mixture of the 
ester with glycerol, being either greater or less than, or equal to, that of 
the free ester, according to the composition and temperature of the 
solution. The phenomena observed are somewhat similar to those due 
to the action of n-propyl alcohol. The addition of about 10 per cent. 
of glycerol lowers the specific rotation of the ethyl tartrate at 20° by 
1:5°, another 20 per cent. of glycerol causes a further diminution, 
after which, however, a rapid increase in rotation takes place with 
increasing dilution, but the effect of glycerol is different in two 
respects from that of n-propyl alcohol. Firstly, the specific rotation of 
dilute solutions is much higher at low temperatures than that of the 
ester itself, and secondly, owing to the fact that the temperature coefi- 
cient is less for dilute solutions than for the pure ester, the tendency is 
for the specific rotation of all solutions to sink below that of the free 
active substance at higher temperatures. 

It is obvious that here again we meet with a very good example of 
solutions of minimum rotation, the phenomenon being perhaps more 
marked in this than in any case previously observed. A number of 
concentration-rotation curves for different temperatures are shown in 
Fig 7, from which it will be seen that the occurrence of the minimum 
rotation is more pronounced at low temperatures than at higher ones. 


* This is particularly the case for ay=5 solution at higher temperatures, and is 
more obvious in the concentration-rotation curves. 
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The difference between the maximum and minimum rotations at 10° is 
about 6°2°, whilst at 100° it is only 2°5°, so that with increasing 
temperature the concentration-rotation curve becomes flatter. The 
position of the minimum, too, seems to shift to a less concentration 
with rise of temperature. Thus at 10° the minimum specific rotation 


Fic. 7.—Ethyl tartrate in glycerol. Concentration-rotation curves. 
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is found at p= 70, at 25° it lies at p= 65, at 50° at p= 60, at 75° about 
P=55, and at 100° at p=53. 


Discussion of Results. 


Passing now to a general discussion of these results, since water, 
methyl alcohol, ethyl alcohol, and x-propy! alcohol form part of a homo- 
gous series, it is natural to seek, in the first place, for some effect on 
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the rotation of ethyl tartrate due to their influence and varying in a 


gradual manner from one solvent to another. It is only in dilute f 
solution that the maximum influence of the solvent can be exerted, and fi 
Tr 
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(2) In the form of the concentration cwrves, which gradually changes 
from the concave for water and methy! alcohol to the slightly convex 
for ethyl aleohol—with the possibility of a concentration of minimum 
rotation—and the still more convex curve for n-propyl alcohol with a 
distinct minimum, and, if we include glycerol, to its still more marked 
minimum and convexity. This is apparent from the curves in Fig. 8. 

(3) In the effect of increase of temperature upon corresponding 
solutions. In water, the coefficient is negative, in methyl] alcohol it is 
positive, but perhaps a little less than for the pure ester, in ethyl 
alcohol it is the same as for the pure ester and for n-propyl alcohol 
distinctly greater, as is apparent from an examination of Figs. 2, 3, 4, 
and 5. 

These three regularities then in the behaviour of solutions of ethyl 
tartrate in the above solvents may be distinguished ; it remains to 
correlate, if possible, the variation in rotation with some other 
similarly variable physical property of the dissolved substance, the 
solvent or the solution. 

The results obtained may first be discussed with regard to existing 
ideas, the most important of which, as already stated, attributes varia- 
tion of rotation to varying degrees of association of the molecules of 
the active substance in the different solutions, , The variations of the 
rotation of ethyl tartrate described above are so considerable that if 
they be really due to this cause one might expect to trace the con- 
nection experimentally, and it is noticeable that the rotations stand in 
the same order as the dissociating power of the solvents used. 

That the behaviour of aqueous solutions of ethyl tartrate is remark- 
able is obvious from the description of it on p. 172; it shows peculiari- 
ties which easily suggest the possibility of an exceptional character 
for such solutions, notably in the remarkably high specific rotation 
and in the influence of temperature change. It is possible-that in 
aqueous solution ethyl tartrate suffers hydrolysis to ethyl hydrogen 
tartrate which also has a high rotation (for c=2°252 [a])p =21°8 
[Fayollat, Compt. rend., 1893, 11'7, 630]), but this. is improbable on 
account of the fact that no permanent change seems to take place in the 
solutions on heating ; the rotation returns to its origina) value when 
the solution cools. 

The fact that the molecular rotation of a 10 per cent. aqueous solu- 
tion of ethyl tartrate is +53°82° whilst that of similar solutions of 
the neutral tartrates is about +60° suggests the possibility of electro- 
lytic dissociation in the former as in the latter, and this, could it be 
proved to occur in ethyl tartrate solutions, might explain, not only their 
high rotation, but possibly also the anomalous influence of change of 

temperature as well. If the rotation of dilute aqueous solutions of 
ethyl tartrate and the neutral tartrates depends on the same thing, 
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namely, the existence of the free tartarylion in solution, both ought to 
behave alike with regard to change of temperature, and this appears to 
afford a means of determining whether the two solutions are similarly 
constituted. 

In order to apply this criterion, a p= 13°68 solution of Rochelle salt 
(equivalent to a p=10 .-lution of ethyl tartrate) was made up and 
examined in the polarimeter at various temperatures. The experi- 
mental figures will be found on p. 214 and are represented by the 
curve in Fig 2 marked “ Rochelle salt.” It will be seen that the 
specific rotation of the Rochelle salt, instead of diminishing, increases 
somewhat* with rise of temperature, the rate of increase, however, 
becoming less and less at higher temperatures, so that between 60° 
and 100° it is almost independent of temperature and it must be con- 
cluded that the conditions in the solutions of this salt and ethyl 
tartrate are not similar. 

There remains, however, the possibility of varying degrees of 
association of the ethyl] tartrate in the different solvents used, so in 
order to ascertain if the complexity of the active substance varies 
sufficiently with the solvent to account for the rotations observed, the 
following molecular weight determinations were made. 

In water, the cryoscopic method was used with these results : 


Cale. mol. wt. = 206. 


| | 
Weight of | Weight of _ Percentage composition 
substance solvent | of solution. Grams per A. y. 
taken. | used. 100 grams solution. | 
} | 
| 
Constant 18°6| | 
0°2594 | 9°0578 | 2°78 0°265° 201 
0°3304 |  11°2638 2°85 0-280 86| = = 194°8 
05467 | 10-2906 5-05 0-495 = :199° 
05940 | 10°4460 5°38 0°535 197°2 
08928 9°7404 8°40 0°835 204'2 
Mean...... 199% 


The molecular weight determinations in methyl, ethyl, and n-propyl 
alcohol were made ebullioscopically. 

An apparatus similar (except that it was not graduated for volume 
measurement) to that recently described by H. N. McCoy (Amer. 
Chem. J., 1900, 28, 353) with a thermometer reading direct to 
twentieths of a degree was used. As a preliminary experiment, the 
molecular weight of thiocarbanilide was determined in methy] alcohol 
in which 231°7 instead of the calculated value, 228, was found. 


* This had already been shown by Hadrich. 
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The following are the results : 


F | Percentage composition 
No pe ghia Weight of | of solution. Grams sub- At Mol. wt 
‘ v. ‘ solvent. | stance per 100 grams ’ me 
; solution. 
Methyl alcohol. Constant 8°8 : 
I 1°1972 | 33°24 3°48 0*144° 220°1 
II 10654 | 24°37 4°17 0°175 219°8 
III 11972 | «25:18 | 4°54 0°168 249°0 
IV 1°7844 | 25°02 6°66 0°300 209°2 
Vv 1°7844 | = 17°16 9°42 0°385 237 °7 
Mean....| 227°2 
Ethyl aleohol. Constant 11°7 : 
I 1°5225 | 33°58 | 4°34 0°245 216°5 
II 2°0650 | 32°72 | 5°94 0360 205-1 
Ill 1°5225 21°53 6°61 0°365 226°6 
IV 2°0650 | 19°51 9°57 0°555 223°1 
Mean....| 217°8 
n-Propyl alcohol. Constant =15°9: 
I 1°3161 28°544 4°41 0°401 182°8 
If 1°7504 22°750 7°14 0°630 194 
Ill 1°6126 19°808 7°53 0°660 1961 
IV 1°8143 22°060 7°60 0°605 216 
id 1°5560 17°064 8°36 0°650 221°6 
VI 1°7504 16°060 9°83 0°755 229°5 
Mean....| 206°6 


The distillates from the methyl alcohol determinations were collected 
and examined in the polarimeter. No rotation could be detected, so 
that there was probably no volatilisation of ethyl tartrate. 

It would appear from the above results that, under the conditions 
of the experiments, ethyl tartrate exists in these solutions in simple 
molecules, but obviously any comparison of rotations must be made at 
the same temperature ; it would have little meaning to compare the 
rotation of ethyl tartrate in water at 0° with those in methyl, 
ethyl, and propyl alcohols at their respective boiling points, and there- 
fore the question arises whether we may assume that ethyl tartrate 
in these last three solvents exists in simple molecules at a temperature 
of, say, 20° as well as at the boiling points. This is, of course, diffi- 
cult to answer. In some cases it does appear that the molecular 
weight of a given substance determined at the freezing point in a par- 
‘ticular solvent is greater than that obtained in the same solvent at 
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the boiling point, but if at all, is only slightly greater, and therefore the 
small amount of association which might be assumed to occur in the 
above cases at the ordinary temperature scarcely seems to be a suffi- 
cient cause to which to attribute the great variation in rotation. 

The experimental evidence which has previously been collected on 
this subject is somewhat unsatisfactory. It is difficult to review it 
briefly, but a few figures may be given which seem to show the in- 
sufficiency of the hypothesis that variation of the rotation of an active 
substance in different solvents is due to corresponding variation of 
association. 

Freundler (Ann. Chim. Phys., 1895, [vii], 4, 256) has found that, 
in a number of substances examined by him, when the molecular 
weight is normal, the rotation is the same or very similar in the free 
state and in solution, whilst in other cases where the molecular weight 
is not normal the rotation differs in solution from that of the free active 
compound. He gives, amongst others, the following examples : 


M. [a]p. 
Active substance. Solvent. R————.._ | —""“““X 
Cale. |Found|Solution.| Free. 


I. Propyl digeopionyltarteate/ Ethylene bromide) 346 | 342 +5°4°| +5°6° 


II. Propyl diacetyltartrate a Benzene 318 | 277 +1°2 | +134 
diphenacetyltartrate) Nitrobenzene 470 | 378 | +146 | +209 
| #Acetic acid 470 | 377 | +27°2 | +20°9 


99 
>? ” 


III. Methy] tartrate .............. | Benzene 178 | 411 -8°8 | +214 
EE tan Gh aiiscasadock | pe 234 | 306 | +2071 | +12°44 
ES Se ascohewuaviny ‘Ethylene bromide} 234 | 326 —0°6 | +12°44 


From these figures, Freundler has deduced two “laws,” against 
which, however, it is not difficult to bring objections. It should be 
noticed, for instance, that propyl diphenacetyltartrate is dissociated 
to exactly the same extent in nitrobenzene and acetic acid, but whilst 
in the former solvent the rotation is depressed, in the latter it is 
raised, Again, propyl tartrate is associated in benzene and in ethyl- 
ene bromide, the association being accompanied in the former solvent 
by an increase in rotation of about 60 per cent., and in the latter by 
a decrease in rotation of over 100 per cent. on that of the free sub- 
stance. Surely it may be expected that if these variations in mole- 
cular weight and rotation are connected with each other, the effects of 
association or dissociation should be, at any rate, consistent. 

It should be noticed that of the three possibilities, (1) simultaneous 
normality or abnormality of molecular weight and rotation; (2) ab- 
normal molecular weight with normal rotation ; (3) normal molecular 
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weight with abnormal rotation ; the last is much the most important. 
Of these, (1) may indicate, but does not necessarily prove, a causal con- 
nection between variation of rotation and variation of association ; (2) 
does not necessarily disprove such a connection; but (3) if it can be 
shown that any active substance has normal molecular weight in several 
different solvents and at the same time very different values for the 
specific rotation in these solvents, then unless some very good reason 
can be given to account for this unexpected behaviour, the association 
hypothesis must be considered disproved. The conditions numbered 
(3) seem to be met with in the case of ethyl tartrate detailed above, 
and the following figures taken from a paper by Frankland and 
Pickard (Trans., 1896, 69, 131) appear to furnish another example. 


Methyl dibenzoylglycerate [a]>° +26°89°. M=328. 


Molecular weight. Rotation. 
Percentage com- Percentage com- 
position of solution. M. position of solution. [a]o. 
Solvent : Nitrobenzene. 
3°9 $27°1 5°5 20°62 
5:3 317°8 17°4 21°72 
6°7 $15°8 
7°8 $22°5 
Solvent: Acetic acid. 
20 827°9 4°7 33°27 
3°4 304°9 13°6 32°61 
5°1 306°4 
5°6 327°6 
77 824°9 
162 $23°7 


Thus the molecular weights are in both cases undoubtedly normal, 
whilst there is a very considerable difference in the rotations. 

Finally, a case cited by Walden (Zeit. va peat Chem., 1895, 17, 
705) may be mentioned. 


Ethyl mandelate [a}p — 123°1°. 


In acetone. In carbon disulphide. ~~. 3 
Molecular weight normal Molecular weight normal 
[a]p — 90°. [a]> —180°. 
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If, therefore, variation of rotation does really depend on variation 
of association, it will be necessary to attribute a greater influence to 
an undetectable degree of association than even the constitution of 
the active substance itself can have. 


Of the chemists who seem inclined to adopt this hypothesis, 
Pope and Peachey (Trans., 1899, 75, 1111) have perhaps pro- 
nounced themselves most strongly in its favour, but owing to the 
fact that they give no direct experimental evidence whatever in 
support of their views, judgment as to the correctness of their con- 
clusions must be suspended. Jn the paper in question, these authors 
seek to base’a method of discriminating betweenracemicand non-racemic 
liquids, which consists in ascertaining whether the value of the rotation 
of one of the forms of an optically active substance changes when 
dissolved in an inactive mixture of both forms. If the externally 
compensated substance be racemic, then, according to these authors, 
the molecular condition of the active form will alter when dissolved in it, 
this being the case “since an optically active substance necessarily * 
has different rotation constants according as it is associated to 
different degrees,” and therefore, although the evidence is “ rather 
meagre,” “ we must expect to find that the specific rotatory power of 
substances having high association factors in the pure liquid state 
varies considerably with change of solvent and of concentration, 
whilst those substances having in the pure liquid state association 
factors approximating to unity would in solution have specific rotatory 
powers but slightly dependent on the solvent and the concentration.” 

The authors assume that the association factor of /-tetrahydroquin- 
aldine is about 1‘5—which may or may not be the case—and then 
show (p. 1116) that when dissolved in different media this substance 
gives various values for [a]p lying between —45-9° and —97°6°; 
“the specific rotatory power of the base in piperidine solution is less 
than one-half of what it is in carbon tetrachloride solution. These 
large variations in specific rotatory power with change of solvent can 
only be attributed to differences in the degree of association of the 
base in the various solutions.” 

Considering that molecular weight determinations could have been 
carried out in at least seven of the nine solvents (excluding acetic 
acid) used, it does not seem necessary to resort to the indirect “ corro- 
borative evidence” which the authors adduce, namely, that the specific 
rotation of /-tetrahydroquinaldine is the same in the free state and when 
dissolved in its lower homologue, tetrahydroquinoline, this being 
the case (p. 1117) “ because the association factor remains almost 
unchanged.” 

* In this and the other passages quoted, the italics do not occur in the original. 
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l-Tetrahydroquinaldine was then dissolved in the externally com- 
pensated base. If, in the latter, “the two antipodes are not quite 
mutually indifferent, the association factor would change on admixture 
and levotetrahydroquinaldine could not have the same specific rotatory 
power when dissolved in the externally compensated base as solvent 
as when solvent-free.” 

The rotation in these two conditions, it appears, is identical, and this 
proves ‘in the most conclusive manner possible,” that the externally 
compensated base is not racemic. 

On the other hand, “ the determinations of the densities and refraction 
constants of levo- and externally compensated tetrahydroquinaldine 
indicate with great probability that the association factor is the same in 
both.” Is not this evidence quite as conclusive as, or even more conclu- 
sive than, that derived from the rotation data, involving as it does fewer 
purely arbitrary assumptions? It will be seen at once that Pope and 
Peachey’s statements do not rest on any solid foundation, and their 
paper has been referred to here because the results of the experiments 
detailed in the present communication seem to be absolutely at variance 
with the fundamental assumptions of the authors. If, as they assume, 
substances which from their nature should have high association 
factors exhibit very different rotatory powers as the solvent is changed, 
then it follows, as they admit (p. 1112), that “those which should be 
nearly monomolecular [must] vary but slightly in specifie rotatory 
power in like circumstances,” 

Pope and Peachey depend for evidence as to the association of 
tetrahydroquinaldine on some data given by Traube regarding 
aniline, pyridine, quinoline, and piperidine. Now according to Traube’s 
method of calculation, ethyl tartrate is a unimolecular substance. 
Its molecular volume at 15° (170°1) agrees closely with the cal- 
culated value (171°3 [Frankland, Trans., 1899, '75, 349]), and therefore 
the value of its specific rotation in different solvents should be very 
similar. As a matter of fact, however, the specific rotation of a 5 
per cent. aqueous solution (+ 26°) is just three and a half times as 
great as that of a 5 per cent. n-propyl alcohol solution (+ 7°4°), whilst 
there is no reason to suppose that any marked difference in degree of 
association exists in the two solvents. 

Although, therefore, it may be still premature to deny the connec- 
tion between association and rotation, that hypothesis can scarcely 
be considered strong enough to discourage an attempt to trace the 
phenomena of rotation in solution to some other cause, to some 
physical property of solvents which, 2 priori, might be expected to 
exercise a marked influence on any substance dissolved in them. 
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The Relationship between the Rotation of Active Substances in 
Solution and the Internal Pressure of the Solvent. 


Are we acquainted with such a property of solvents as this? The 
few necessary conditions which it must fulfil are these : 

(1). There must be some reasonable probability of its connection 
with rotation. 

(2). It must be capable of approximate or relative measurement. 

(3). In order to account for the very considerable changes which 
occur in the rotation, it must vary in different solvents between wide 
limits. 

These requirements seem to be met by that property of liquids 
known as the “internal pressure,’ which often assumes enormous 
proportions and which varies very greatly in different liquids. 

It was in the hope of connecting this pressure with rotation that 
the present investigation was commenced, but the idea appears to 
have been originally suggested by Tammann, and is attributed to him 
by Siertsema (compare Abstr., 1900, '78, ii, 329). The latter author 
has determined the influence of external pressure on the rotation of 
solutions of sucrose, and if external pressure is capable of influencing 
rotation, the fact is an encouragement to the investigation of the 
effect of internal pressure in this direction. 

The values given by the various authorities for the internal pressure 
of any given liquid are often very different. According to Tammann, 
its value in water at 0° is about 22,000 atmospheres, whilst in ether 
at the boiling point it’is nearly 2,500 atmospheres; according to 
Ostwald, the values are about half the above, the figures of other 
investigators being again different, but the relation amongst themselves 
of the figures of one authority for a number of liquids is generally 
much the same as that of the figures given by another. 

In order to see how this pressure * would act, we can suppose 4 
molecule of ethyl tartrate taken from amongst a large number of 
similar molecules and placed amongst a large number of water mole- 
cules. The pressure on the molecule changes then from the value 
which it has in ethyl tartrate to that which it has in water. The 
first effect which we are accustomed to associate with change of 
pressure is change of volume. The volume of the ethyl tartrate 
molecule will change, and although, according to Tammann (Zéil. 
physikal. Chem., 1896, 21, 529) this change of volume is the sum of 
several changes, we may assume as a first approximation that in dilute 


* Although the word pressure is used throughout for the sake of clearness, it is 
without any intention of instituting a too strict analogy between this property 
and ordinary hydrostatic pressure. 
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solution the change in volume is suffered entirely by the dissolved 
substance. Traube, in his recent work on molecular solution volume, 
assumes that it is suffered by the solvent, but his grounds for doing 
so are not completely convincing. It seems somewhat unwarrantable 
to suppose that when one molecule of ethyl tartrate is dissolved in, 
say, one hundred molecules of water, the latter should be altered 
and not the former. At any rate, a volume change does take place 
on solution, which we seem at liberty to attribute to the ethyl 
tartrate, and which we may regard in the meantime as a measure of 
the change of internal pressure. 

If now the molecule of ethyl tartrate were quite regular, this 
change of pressure would probably produce no corresponding change 
in rotation. It is, however, assumed to be asymmetric, and conse- 
quently when the volume alters so also will the shape. But it is the 
shape, or something corresponding to the shape, of the molecule 
that conditions the value of the rotation, and therefore with altera- 
tion of volume a corresponding alteration of rotation may be 
expected. 

A mechanical conception of the process is not difficult to form, but 
the simplest illustration (suggested by Dr. Stroud) is afforded by a 
figure (say a cube) cut out of a substance whose elasticities are dif- 
ferent along the three axes. Such a figure, subjected to hydrostatic 
pressure, would alter, not only in voluma, bit in shape as well. This 
change in asymmetry of an active molecule will bear some proportion 
to the change in rotation, and it should also bear a relationship to the 
change in volume, and we may therefore expect to find a connection 
between the rotation of a substance dissolved in various media and its 
volume in the same media. The data for calculating the change in 
volume of ethyl tartrate when dissolved in several solvents are given 
by the density determinations, so without troubling in the meantime 
about its cause, we may turn to a comparison of the change in volume 
with that in specific rotation. 

The volume of a gram-molecule of a compound in solution may be 
calculated from the following formula which has recently been used 
by Traube : 

M.S.V, (molecular-solution-volume) = = - -. 
Where M=molecular weight of dissolved substan ce. 
S=weight of solvent associated with 1 gram-molecule of 
dissolved substance. 
d=density of solution. 
5=density of solvent. : 
If the solution is one of percentage composition p, then M grams of sub- 
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stance are associated with grams solvent, that is, 


M(100 - p) 
P 


sf (100 — p) 
Palms mor "5 4S 
, Pp 
and, substituting this value of § in the above equation, we find 
MUST. =f wn Mo ee }- 
pid 8 

The figures which have been calculated by means of this formula 
will be found on pp. 214—215, and in Fig. 8 these values of molecular- 
solution-volume at 20° are plotted relatively to concentration, and 
below the corresponding concentration-rotation curves for the same 
temperature. It is evident, in the first place, that the values obtained 
for molecular-solution-volume in dilute solutions are somewhat uncer- 
tain, this being due to the difficulty of carrying out the density deter- 
minations with sufficient accuracy, the effect of a slight error being 
great in dilute solutions, as is apparent from an examination of the 
formula used in the calculation. It is therefore rather difficult to 
determine how the most probable curve should be drawn in each case 
from the experimental data. The curves for water and methy] alcohol 
are not very satisfactory for p<10, whilst that for ethyl alcohol is the 
least satisfactory of all; it has been drawn, however, as nearly as 
possible between the values for p=5 and p= 10°94. 

The ethyl tartrate molecule evidently undergoes a very considerable 
change in volume on solution in a large quantity of water. At 
infinite dilution, the molecular-solution-volume seems to be about 1575 
c.c. at 20°, that of the free ester being 170°9 c.c. In methyl alcohol, 
the change in volume is also considerable but not so great as in the 
case of water, the value at infinite dilution being about 159-3 c.c. In 
ethyl alcohol, the volume is 164 c.c. whilst in m-propyl alcohol it is 
167°7 c.c. 

If now the corresponding concentration-rotation curves are 
examined, it will be noticed that the values of the rotations at infinite 
dilution stand in the inverse order, and although the rotations do not 
seem to be quantitatively related to the values of the molecular- 
solution-volume, there may be a qualitative relationship. 

There can be little doubt that the order of the values of molecular- 
solution-volume at infinite dilution in the above four cases is correct, 
although the values themselves are a little uncertain, but it is more 
difficult to say whether the rotation of ethyl tartrate in glycerol can 
be similarly explained by the value of its molecular-solution-volume 
in that solvent. As has already been remarked, the accurate deter 
mination of molecular-solution-volume becomes more and more difficult 
as the dilution of the solution increases, and it may be that the curvé 
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drawn in Fig. 8 for glycerol is not correct and that the molecular-solution- 
volume at itfinite dilution is greater than that of ethyl tartrate in 
ethyl alcohol. Nevertheless, the curve obtained from the experi- 
mental figures is so regular as to be some guarantee of its accuracy, 
and assuming it to be correct the molecular-solution-volume of ethyl 
tartrate in glycerol at infinite dilution has a value between those 
found in ethyl alcohol and methy] alcohol, namely, 163°3, and, in agree- 
ment with this, the rotation of glycerol is greater than in ethyl alcohol 
and less than in methyl alcohol. At infinite dilution, therefore, the- 
order of the rotations and molecular-solution-volumes correspond 
inversely, a small volume being associated with a high rotation, as is- 
apparent from the following table: 


M.S.V. (infinite | [aJp (infinite | Change in a» due 
dilution). dilution). to solution. 


Solvent. 


157°7 26°15° 18°49° 
Methyl alcohol 159°3 11°50 3°84 
Glycerol 163°3 10°57 2°91 
Ethyl alcohol 164 9°13 1°47 
a-Propyl alcohol 167°5 7°40 — 0°26 


The parallelism of these figures is, as a first approximation and in a 
qualitative sense, fairly satisfactory, but if this relationship is not 
merely accidental, that is, if variation in molecular-solution-volume 
does really determine variation in specific rotation, then we may expect. 
to find a connection, not only at infinite dilution, but under ail circum- 
stances. That is to say, the curves for rotation should correspond. 
throughout with the true curve for molecular-solution-volume. 

Now it will be seen in Fig. 8 that the molecular-solution-volume- 
curves for ethyl tartrate in water, methyl alcohol, ethyl alcohol, and 
n-propyl alcohol are all, in fact, of much the same form, they show a 
gradation of a similar order to that found in the rotation curves, and: 
this connection between rotation and volume becomes much more 
striking when glycerol is also taken into account, because its behaviour 
iffers markedly from that of the other solvents ; it presents something: 
of the character of an exception, and if an exceptional variation in 
rotation is accompanied by exceptional variation in molecular-solution- 
Volume, the suggested correlation of these two phenomena becomes. 
more probable. The concentration-rotation curve for this last solvent 
s,a8 has already been mentioned, a remarkable one, At 20°, the 
rotation at infinite dilution is + 10°6°. As the concentration increases, . 
the rotation diminishes much more rapidly than in the three other 
ilcohols, and corresponding with this the volume increases much more- 
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rapidly between p=0 and p= 20, and in the meantime this qualitative 
relationship is sufficient. It can scarcely be expected that the molecu- 
lar-solution-volume curves should cut one another at exactly the same 
concentrations as those at which the corresponding rotation curves 
intersect. It might be possible to trace this close connection if the true 
curves for molecular-solution-volume were known ; the curves drawn 
are, however, only approximations, and in all probability not very satis: 
factory ones. All the contraction on solution has been assumed to 
take place in the ethyl tartrate. Probably even in a p=5 solution 
the error thus committed is considerable, and in a p = 20 solution it must 
certainly be great. In the diagrams, however, this volume change is 
assumed to take place, for all concentrations, in the ethyl tartrate only, 
which is certainly incorrect. 

In reality, the total volume change consists of at least two changes, 
one in the solute and one in the solvent, but, what is of the greatest 
importance here, it is not possible to separate it into these two or more 
simple changes. The curves on the lower part of Fig. 8 are there 
fore not correct, although they can probably still give some indication 
as to the actual behaviour of the substances examined. This (the 
merely approximate nature of the curves) explains why solutions 
having the same specific rotation need not necessarily show the same 
molecular-solution-volume for the dissolved ethyl tartrate. The 
volume of the tartrate may really be the same in two different solu- 
tions whilst the volume change in the solvents is not the same. For 
instance, a p= 25 solution in glycerol has the same rotation (+76) 
as a p=55 solution in ethyl alcohol, although the corresponding volumes 
are not the same, being for the former 169 c.c. and for the latter 
1675 c.c. It is evident that in this case a greater volume change is 
likely to have taken place in the ethyl alcohol of the latter solution 
than in the glycerol of the former, both of these changes, however, 
from the method of calculation, being ascribed to the ethyl tartrate 
alone. 

Such a connection as this between molecular-solution-volume and 
rotation appears to render possible a rational explanation of that very 
interesting phenomenon, the occurrence of a minimum rotation of 
ethyl tartrate dissolved in glycerol*or n-propyl alcohol. For if 
rotation is really dependent on molecular-solution-volume and in 
glycerol solution at 20° the minimum rotation occurs when p= 65, then 
it follows that the molecular-solution-volume for the same temperature 
should be a maximum at that concentration. Now the molecular 
solution-volume curve for glycerol, rises ,rapidly with increasing col 
centration up to about p= 25, after which the increase is much more 
gradual; but at about p=25 it is probable that the glycerol als 


suffers considerable change in volume and if this be contraction it will 
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counteract the effect of expansion in the ethyl tartrate. That is to 
say, the ethyl tartrate may really continue to expand with increasing eon- 
centration, the state of affairs not being represented by the full line in 
the figure but rather by the broken one, until at about p = 65 a maximum 
volume of about 173 c.c, is reached, the volume then again diminishing 


npidly to 171 c.c. when p=100. This assumes the possibility of a 
value greater than normal for ethyl tartrate in solution, which is, 
r however, surely as possible as one less than the normal. 
’ So far it would seem that the assumption of a relationship between 
° molecular-solution-volume and rotation is at least worthy of considera- 
i ti, but there are considerable difficulties to be overcome before the 
18 connection can be regarded as proved. One of these is met with in 
ys the fact that in -propyl alcohol, although the molecular-solution- 
volume at infinite dilution is only 1671, the rotation is lower than 
* that of the pure ester by 0°26° instead of being higher. The dis- 
- crepancy is not very great, and an explanation can scarcely be expected 
- until more data have been obtained. 
af Another difficulty occurs when the influence of temperature change 
108 upon the rotation of these solutions is considered. Except in one 
the ease—solution in water—increase of temperature causes increase of 
wa rotation. But increase of temperature also causes increase of mole- 
ame & cular-solution-volume and therefore ought to be attended by decrease 
The & of rotation. 
olu- We have here a direct contradiction, but the following consideration 
= will show that it is not inexplicable. Let us take the case of free 
16") ethyl tartrate, whose rotation, as is well known, increases rapidly with 
1més & rise of temperature. Imagine one particular molecule, A, in the liquid 
atter kept at a definite temperature, T, whilst all the others are heated to a 
8° '8 B hicher temperature. The pressure on the molecule A will decrease, 
ution & its volume will increase, and its rotation should also decrease ; that is 
revel, Bh to say, the molecule becomes less asymmetric. 
rtrale Now let the molecule A be also heated to the higher temperature. 
‘ The effect will be expansion of the molecule A against a certain 
@ am" BF pressure—certain forces—resulting in another increase of volume. 
' bs In this second case, however, the proximate cause of change of volume 
we: . isnot the same as before—the effort comes from within the molecule, 
For . the change is not due to variation in the properties of surrounding 
nd A nolecules—and now the expansion may take place in such a way that 
5, theo BF the molecule becomes more asymmetric again, and since we know in 
erature Bi veneral that a slight change in the temperature of a liquid or solid 


Will produce a much greater alteration of volume than an enormous 
thange of pressure can bring about, the second of the operations just 
Mentioned will probably have a greater effect than the first on the rota- 
tion of the molecule A, so that the net result is an increased rotation. 
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The same volume might be arrived at either by heating or by 


diminution of pressure alone, but the shape, that is, the asymmetry, 
of the molecule would not be similar in each case. The asymmetry 
of the molecule then depends on temperature and pressure—or some- 
thing analogous to pressure—but it is only constant for definite values 
of both variables; the asymmetry is not so simply conditioned as 
the volume. 

If this is admitted, then the simultaneous increase of rotation and 
volume presents no difficulty either in the case of solution in the 
alcohols or in water, although in the latter case the rotation in dilute 
solutions (anything less than p=55) decreases with increase of 
temperature. In dilute aqueous solution, where the internal pressure 
is great, the asymmetry of the ethyl tartrate molecule has become 
such that the effect of increasing temperature is to produce a less 
asymmetric molecule. Under a low pressure (solutions in the alcohols) 
effort from within the molecule produces greater asymmetry ; under 
a high pressure,* it produces a less asymmetry, and consequently 
between these extremes there may be a pressure under which the 
molecule of ethyl tartrate has an asymmetry practically unaltered by 
heating, increase of temperature causing expansion of the molecule 
certainly, the shape, however, remaining always the same. This 
particular case appears to be found in an aqueous solution for which 
p=55. The rotation of such a solution is practically insensitive to 
temperature. In this connection, it should also be noticed that the 
ethyl tartrate molecule appears to be most sensitive to temperature 
in those solvents in which its molecular-solution-volume is greatest, 
which fact is in agreement with the above considerations. In dilute 
glycerol solutions, the sensitiveness of ethy] tartrate is probably 
slightly less than that of the free ester, whilst in methyl and ethyl 
alcohols it is practically the same as that of the free ester. In 
n-propyl alcohol, however, it is rather greater. This corresponds with 
what has been suggested above; the greatest sensitiveness is shown 
in that solvent in which molecular-solution-volume is high, that is, in 
n-propyl alcohol. 

It is obvious, however, that here again we a with difficulties, for 
the molecular-solution-volume of the ethyl tartrate in an insensitive 
aqueous solution (that is, of p=55) is about 163 c.c., which is higher 
than the volume in infinitely dilute methyl alcoholic solution (159°3 ¢.c.), 
and therefore the rotation of dilute solutions in the latter solvent 
ought also to decrease with increasing temperature, which, of course, 
is not the case. We must remember, however, that it is not possible to 
tell what the true molecular-solution-volume of ethyl tartrate in 55 


* Always in this particular case of ethyl tartrate, of course. With some other 
molecule of different asymmetry, the phenomena might be reversed. 
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per cent. aqueous solution really is, and consequently must be content 
in the meantime with the indications already pointed out. 

This relationship of rotation and molecular-solution-volume has been 
first discussed because the figures necessary for the calculation of both 
these quantities may be directly obtained from the data collected in 
this investigation. As already remarked, however, the volume change 
accompanying solution is probably more complicated than has been 
assumed, and it is worth while to try to trace the cause of variation 
in rotation still further back, namely, to that property of liquids which 
has been supposed to be the cause of variation in volume, the internal 
pressure. It may be that the variations in volume due to solution are 
not directly proportional to variation of internal pressure whilst the 
variations of rotation are, and that therefore there may bea closer and 
more obvious connection in the latter case than in the former. 
Barmwater (Zeit. physikal. Chem., 1899, 28, 124) has calculated this 
quantity for a number of substances, and Traube has suggested a 
method of calculation based on his work on molecular-solution-volume, 
whilst others have been proposed by van der Waals, Stefan and 
Tammann. 

The choice of a particular set of figures would involve a critical 
discussion of the various methods of calculation, and this we may 
avoid by considering, instead of the pressure, that which Briihl (Zeié. 
physikal. Chem., 1899, 30, 43) calls the medial energy or heat of 
disgregation of a liquid, because it is from this quantity that Stefan 
and Tammann both derive—although by slightly different reasoning— 
their figures for internal pressure. 

The heat of disgregation is calculated from the formula 


p=H-2—-") 
E 


where D=heat of disgregation, H=heat of vaporisation, p= vapour 
pressure, V=volume of 1 gram of vapour, V,=volume of 1 gram of 
liquid, Z = mechanical equivalent, which, since we may set 

RT 


V-V,)=—, 
P( 9) U 


where M=mol. wt. of substance, reduces to 


p-MH-27 
u 


The heat of disgregation therefore represents the amount of energy 
hecessary to overcome the internal forces of a liquid, and to separate 


its particles from each other at any particular temperature and 
Pressure, 
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By calculation from the above formula, the following figures are § ,, 


obtained. . 
po 
pr 
| Adis 
Solvent (¢=0°). Se A. [a]®. 

001 
— ; bee 

a en csbee sesces | 575°9 +26°5° (p=10) , 
Methyl alcohol................ | 972-1 ye 9°5 (p=10) eb ult 
Ethyl alcohol.................. | 2238°4 6°2 (p=5) a8 
| doe 
dis 
It will be noticed that here the differences in rotation and heat of § sub 
disgregation are nearly proportional to each other. exis 


By making the calculations for a higher temperature, n-propyl § {iss 
alcohol may also be included in the table. Its heat of vaporisation }*#tl 
has only been determined at the boiling point, and has been found to | 8) 
be 166° (cal.). By assuming that it varies in the same manner with } ‘ba 
temperature as those of methyl and ethyl alcohols, the value at 60°can | A 
be approximately obtained. From the number thus deduced, the heat |follc 


of disgregation in the following table has been calculated : 60°, 
T 
it is 
Solvent (¢=60°). D. A. [a}®, A. give: 
cence 
ics sinus sonny sseneed 523°1 ' +24° (p=10) , 
Methyl alcohol................ 248°6 = : 14°1 (p=10) : ; 
Ethyl alcohol.................. 201°6 26°4 12°3 (p=10) 0°5 
m-Propy] alcohol.............. 175°2 11°8 (p=5) 8c 


These figures are also in fairly close agreement with each other ; 
the rotation in the different solvents appears to decrease in much th 
same proportion as the heat of disgregation. Such an agreement may fh), 
of course, be merely accidental, and the examination of several othe 
series of solvents will be required to determine the point, but the 
figures are certainly striking. Plotted on a system of coordinates, th 
one property is seen to vary almost linearly with the other. It is not Fro 
necessary, however, to enter into any further discussion regarding), 
this relationship, for nearly everything that could have been said her 
has been said for molecular-solution-volume, and applies almost] * p,, 
equally to both. ‘+Th 

It would appear, then, that molecular-solution-volume, heat of dis- 
gregation and rotation have some connection with each other, and in Tra 
the paper already mentioned Briihl shows that the heat of disgregation| ) 7, 
and the dielectric constant of a substance are also related phenomena/{ Tra 
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} are § the latter again varying in an analogous manner with dissociating 
power, as Nernst has pointed out, and thus we are led back again to a 
problem which was discussed earlier in this paper—the relationship of 
dissociation and rotation. As has already been shown, no definite 
connection can be deduced from the various researches which have 
been carried out on the subject, but it is nevertheless possible that 
1-0) although the dissociating power of a liquid—a term usually applied to 
33 asolvent with regard only to its behaviour towards electrolytes— 
___. J does not cause actual dissociation in substances other than electrolytes 
dissolved in that liquid, it may nevertheless modify them. Thus a 
at of § substance such as ethyl tartrate dissolved in two different liquids may 
exist in simple molecules in both, but still the force which we call 
ropyl | fissociating power is acting to a different extent in each case, and 
sation |#ithough unable to cause any decomposition of the molecule into ions, 
nd to | may yet exert some other influence on it which will be evident as 
- with | change of rotation, for instance. 

0°can | As a summary of the relationships discussed in this paper, the 
» heat |following table may be added. The heat of disgregation is given for 
60°, whilst the other figures are for lower temperatures. 

The association factors of the solvents have been introduced, as 
=—= jii is of interest to compare their values with the other figures 


‘ given. 
‘ Association factor of | Ws. V 
9°9 8. V. 
1'8 20° solvent. of ethyl F man . Dielectric 
0°5 [alo tartrate. *8rege | constant 
Solvent. Infinite Infinite tion of of 
— dilution Ramsay and | Traube, | dilution, — solvent. 
Shields, 15°. 20°. . 
other ; 
ich thebVater ............ +26°2° |1-644* (20°) | 2-3¢ | 157-7 523°1 80t 
ethyl alcohol.| 11°5 |2°82* (20°) 1°799 159°3 248°6 32t 
1b MAY Biveerol ........ 10°6 1°90¢ | 163°3 56°2 II 
1 othergthyl alcohol .. 91 |1°65* (20°) 167+ | 164 201°6 26°1t 
but the -Propylalcohol 7°4 |2°25§ (46°3°)| 1°669 167°5 175°2 22t 
tes, th 


bis not From this table, and from what has already been said, it appears 
ae hat a relationship, satisfactory in a qualitative sense, can be 
vi 

almost] * Proc. Roy. Soc., 1894, 56, 180. 
t These numbers are not quoted by Traube, but are ealculated according to his 
. of dis-fitestions. 

d in t+ Nernst, Theor. Chemie, 3rd edition, p. 305. 

ane ___|§ Trans., 1898, 68, 1102. 
regation) | Thwing, Zeit. physikal. Chem., 1894, 14, 293. 
omens}? Traube, Ueber den Raum der Atome, Ahrens Sammlung, pp. $2 and 41, 
VOL. LXXIX. P 
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established between variation of rotation in solution and variation of 
molecular-solution-volume—at least so far as this series of solvents is 
concerned—and when these phenomena of rotation are traced further 
back to what may with reason be regarded as the cause of variation 
of molecular-solution-volume, namely, differences of internal pressure, 
or what is probably the same thing, of heat of disgregation, very 
similar regularities are observed, which seems to show that the 
original assumptions, dependence of volume on internal pressure and 
rotation on both, are justified. 

i Finally, it may be pointed out that if the idea developed here be 
’ correct, greater account must be taken, when considering the rotation 
of homogeneous active substances, of their own internal forces ; the 
molecular rotation is not that of a free molecule of the compound. 
The molecular rotation of a homogeneous liquid is the rotation of the 
molecule subjected to the internal forces of that liquid. 


Rotation of ethyl tartrate. 


Temperature. ay (100 mm.). Density. [a]}f. 
10°8° +8°047° 12144 +6°63° 
37°6 11°354 11873 9°56 
33°7 10°842 1°19138 9°10 
29°9 10°392 1°1952 8-70 
20°1 9°244 1°2051 7°67 

100 15129 | 1°1230 13°47 
89°4 14°725 1°1349 12°97 
84°4 14°510 1°1399 12°73 
771 14°110 1°1472 12°30 
67°2 13°600 1°1576 11°75 
55°1 12°792 1°1697 10°94 
46-1 12-067 1°1789 10°24 
25°1 9°900 1-2000 8°25 
16 8°719 12094 7°21 

8-089 1°2140 


Densities determined : 
Temperature. 
Density ...... 


99°4° 
1°1248 


68°1° 76°2° 
11566 1°1484 


58°3° 
1°1665 


46°8° 
1°1783 


37°2° 
1°1878 


16°8° 
1°2087 


Ethyl Tartrate in Water. 


The distilled water used in these experiments was well boiled 
before use. 


D 
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p=l. 


Temperature, @> (400 mm.). Density. [a}f. 


20° 1°043 1°0006 +26°06° 
50°8 0°995 0°9945 25°01 
27°2 1°026 0°9990 25°67 
22°3 1°052 1°0001 26°30 


Densities determined : 


Temperature 
Density 


Temperature. | a (400 mm.). Density. [a]é. 


14°7° | +2°612° 1°0053 +25°98° 
50°3 2°450 0°9940 24°65 
27°3 2°572 1°0023 25°66 
14°6 2°598 1°0053 25°80 


Densities determined : 


Temperature ‘ 26°8° 41°6° 55° 
Density ‘ 1°0024 0°9971" 0°9912* 


* Although the water used in making up this solution had been boiled, it 
was found difficult to carry out the density determinations at these higher tempera- 
tures owing to the separation of air-bubbles. These two figures are probably 
therefore too low. 


p=4:999, 


Temperature. ay (400 mm.). Density. [a}é. 


15°3° +5°304° 1°0110 + 26°23° 
30°8 5°199 1°0077 25°80 
5°289 10108 26°16 


16°6 
(after standing 14 
days) 


Densities determined : 


Temperature 
Density 


————— 
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p=9°994. 


Temperature. 


a» (400 mm.). 


Density. 


[a]>. 


21°3° 
14°8 
29°4 
18°6 
20°7 
(after standing 5 
days) 


+10°598° 
10°701 
10°415 
10°650 
10°490 


Densities determined : 


Temperature 
Density 


19°2° 13° 
1°0237 


1°0220 


1°0211 
1°0231 
1°0184 
1°0220 
1°0213 


27°5° 34°4° 
1°0164 


1°0192 


+ 25°95° 
26°17 
25°57 
26°05 
25°69 


After standing 
5 days, 
14°1° 18°5° 
170235 1°0220 


p=24-954. 


Temperature. 


ap (249 °6 mm.). 


* Density. 


[a}s. 


+15°725° 
14°867 
15°314 
15°505 
15°747 
14°249 
15°714 


Densities determined : 


Temperature ... 


Density 


16° 23° 
1°0562 


1°0594 


1°0597 
1°0511 
1°0549 
1°0571 
1°0597 
1°0457 
1°0597 


+ 23°83° 
22°71 
23°31 
23°55 
23°85 
21°88 
23°81 


After heating After heating 


33°3° 
1°0509 


to 33°3°. 
15°8° 15:2° 
1°0595 


to 449°, 
1°0598 
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p= 49-993, 


Temperature. a (100 mm.). Density. [af 


14°7° +9°759° 1°1193 +17°44° 
34°2 9°379 1°1052 16°97 
26'8 9°529 1°1102 17°17 
19°9 9°670 1°1158 17°34 
15°1 9°742 1°1190 17.41 
46 9°197 1°0973 16°76 
15 9°727 1°1190 17°39 


Twelve hours later : 
15°3 


9°739 © 1°1188 17°41 
52°6 9°112 1°0927 16°68 
14°5 9°750 1°1194 17°42 
662 8°894 1°0835 16°42 
56°1 9°065 1°0903 16°63 
15°9 9°704 1°1184 17°35 
17 9°689 1°1175 17°34 


Densities determined : 
After 
experiment. 
15°7° 22°8° 85°3° 63°8° 70°3° 16°8° 
11186 1°1187 1°1046 1°0807 1°0752 1°1180 


p= 74:99, 


Temperature. ay (100 mm. ). Density. [a}s. 


+10°069° 1°1707 +11°47° 
11°100 1°1408 12°97 
11-000 1°1446 12°82 
10°587 1°1579 12°19 
10°210 1°1679 11°66 
10°049 1°1709 11°44 
11°497 1°1248 13°63 
11°194 1°1369 13°13 
10°144 1°1691 11°57 


Densities determined : 
After 
experiment. 
Temperature 29°7° 41°2° 58° 18°2° 
Density 1°1690 1°1588 1°1482 1°1323 1°1691 


Ethyl Tartrate in Methyl Alcohol. 


The methyl alcohol used was Kahlbaum’s best quality and was 
redistilled from some sodium which had been carefully freed from 
petroleum. 
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The density of the methyl alcohol was determined at various tem- 
peratures, the following numbers being obtained : 


Temperature. 16° 29° 38°4° 48° 
Density ...... 0'7953 = =0°7830 = («07741 0°7646 


From these figures, by extrapolation, we find that the density at 0° 
is 0°8105, whilst, according to Dittmar and Fawsit, the density of 
pure methyl alcohol at 0° is 0°81015. 


p=5. 

Temperature. ay (400 mm.). Density. [a]é. 
14°8° +1°845° 0°8120 +11°36° 
13°2 1°773 0°8137 10°92 
49°2 2°121 0°7796 13°60 
40°2 2°081 0°7860 13°24 
82°5 1'993 0°7949 12°54 
24°3 1°913 0°8029 11°91 
12°2 1°750 0°8147 10°74 


Densities determined : 


After 
experiment. ; 
Temperature...... 20°2° 83°8° 46°7° 18°3° 
DOOIMERT, c0ssecenssee 0°8068 0°7939 0°7815 0°8068 
p=10. 
Temperature. @ (400 mm. ). Density. {a}é. 
18°9° +8°744° 0°8240 +11°36° 
12°8 3°545 0°8300 10°68 
16°7 8°715 0°8288 11°21 
53 4°368 0°7905 13°81 
_ 46-7 4320 0°7970 13°55 
42°6 4°238 0°8010 13°23 D 
35°5 4°138 0°8080 12°81 
ay . 27 3°946 0°8162 12°09 
i 16°2 3°695 0°8268 11°17 
} 18 3°615 0°8306 10°88 ~ 
Densities determined : 
After 
experiment. 
Temperature...... 22° 80°6° 89°6° 45°8° 14:2° 
a 0°8210 0°8128 0°8040 0°7980 0°8286 


0° 
of 
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p= 25°01. 
Temperature. ay (249°6 mm.). Density. [a}f. 
18°3° +6°044° 0°8757 +11°06° 
20 6°110 0°8741 11°20 
13°2 5°810 0°8807 10°57 
48°1 7°068 0°8468 13°37 
45°6 6°997 0°8492 13°20 
42°8 .6°913 0°8518 | 13°00 
39°4 6°813 0°8553 12°76 
33°4 6°627 0°8610 12°33 
25 6°328 0°8693 11°66 
19°2 6°074 0°8750 11°12 
18°9 6°065 0°8751 11°10 
Densities determined : 
Temperature...... 141° 27°3° 36° 432° 
Density ......... 0°8799 0°8671 0°8585 0°8515 
p=50°00. 
Temperature, a, (100 mm.). | Density. | [a}s. 
} 
| } 
13° +4°781° | 0°9762 +9°80° 
16 4°891 0°9743 10°04 
53°8 6°088 09366 13°00 
46°9 5968 0°9435 12°65 
43°2 5°863 | 09471 12°38 
88°2 §°711 0°9521 12°00 
34:8 5°616 0°9555 11°76 
24°9 5-281 | 0°9655 10°94 
17 4°966 0°9733 10°21 
13'2 4°820 0°9770 9°87 
14°7 4°908 0°9755 10°06 
Densities determined : 
Temperature...... 19°8° 84°4° 44°6° 51° 
Density 0°9707 0°9561 0°9460 0°9395 


See bak See ge eh ek a 
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p=75. 

Temperature. a» (100 mm.). Density. [a]f. 
14°9° +7°012° 1°0879 +8°59° 
12°5 6°839 1°0901 8°24 
51°1 9°380 1°0504 11°91 
45°6 9°014 1°0564 11°38 
40°8 8°792 1:0610 11°05 
33°7 8°374 1°0685 10°43 
24°7 7°767 1:0778 9°61 
171 7°207 1°0858 8°85 


Densities determined : 


After © 

experiment. 
Temperature...... 18°3° 82°8° 39°7° 53°2° 176° 
ee 1°0842 1°0692 1°0626 1°0488 1°0853 


Ethyl Tartratein Ethyl Alcohol. 
The ethyl alcohol used was carefully distilled over sodium. Its 
density was determined with the following results : 
Temperature 17°6° 30°4° 41°6° 58°2° 
Density ...... 0°7932 07822 0°7723 0°7575 


This gives, by extrapolation, the number 0°8090 at 0°, whilst 
Mendeléef found 0°80625 (Landolt-Bornstein). 


p=5°0013. 

Temperature. ap (400 mm.). Density. [a]é. 
188° +1°419° 0°8072 +8°79° 
17 1°370 0°8090 8°47 
11 1°262 0°8143 7°75 
13°7 1°304 0°8119 8°03 
15°9 1°350 0°8099 8°33 
51°8 1°840 0°7779 11°81 
42°9 1‘729 0°7858 11°01 
37°2 1°660 0°7908 10°49 
31°1 1'565 0°7961 9°83 
21°7 1°417 0°8046 8°80 
80°3 1°551 0°7970 9°73 
23 1°459 0°8035 9°08 


After 
experiment. 
Temperature ........... 20°5° 80°6° 38° 54°4° 16° 
Density  .....cscerceees 0°8056 8 0°7969 0°7900 0°7754  0°8097 
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Pp = 10°94. 
Temperature, a (400 mm. ). Density. J [a}§. 
18°6° +3°023° 0°8251 +8°37° 
71 2°553 0°8353 6-98 
59°1 4°220 0°7893 12°22 
52°8 4°067 0°7950 11°69 
41 3°772 0°8052 10°71 
23°6 8-243 0°8208 9-08 
6°6 2°542 0°8359 6°95 
Densities determined : 
After 
experiment 
Temperature ........... 17°4° 55°8° 65°8° 20°2° 
I cccocesccsessoes 0°8263 0°7922 0°7826 0°8240 
p= 20-003. 
Temperature. Gp (249°6 mm.), Density. [a]é. 
16°2° +3°348° 0°8569 +7°82° 
8°7 2°965 0°8639 6°87 
64°4 5°078 0°8119 12°53 
59°7 4°945 0°8161 12°14 
54 4°803 0°8215 11°71 
45°6 4°551 0°8293 10°99 
87°9 4°296 0°8367 10°28 
23°6 3°756 0°8499 8°85 
9°5 3°076 0°8632 7°14 
Densities determined : 
After 
experiment. 
Temperature 18°1°  18°9° 33° 89° 46°4° 69° 15°6° 


Density .... 0°8595 0°8544 


0°8418 0°8397 0°8362 0°8294 0°8074 0°8577 


ee 
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p=40-002. 

» Temperature. a» (249°6 mm.). Density. [a}€. 
19°7° +7°260° 0°9244 +7°87° 
10°2 6°263 0°9334 6°72 
60°3 10°335 0°8857 11°69 
55 10°058 0°8907 11°31 
51°2 9°831 0°8944 11°01 
44°9 9°368 0°9004 10°42 
40°1 9°063 0°9050 10°03 
36°7 8°788 0°9083 9°69 
25 7°785 0°9194 8°48 
12°4 ’ 6528 0°9312 7°02 


Densities determined : 


After 
experiment 
Temperature........... 16°7° 33°3° 43°8° 62°8° '19° 
REE cadseoreaasenee 0°9272 0°9114 0°9017 0°8833 0'9258 
p=60°01. 
Temperature. ay (100 mm.). Density. [a]f. 
21°3° +4°667° 1°0040 +7°75° 
11‘1 3°987 1°0141 6°55 
14 4°140 1°0113 6°82 
56°7 6°480 0°9690 11°24 
48°2 6°122 0°9774 10°44 
39 5662 0°9865 9°56 
34 5°389 0°9914 9°06 
22 4°732 1°0030 7°86 
_Densities determined : 
Temperature ............ 17°5° 28°9° 47°8° 59°1° 
|” errno 1‘0079 0°9969 0°9780 0°9668 


Ethyl Tartrate in n-Propyl Alcohol. 


The n-propyl alcohol used was of Kahlbaum’s best quality and was 
carefully distilled over clean sodium before use. 

Its density was determined at various temperatures with the follow- 
-ing results : 


Temperature 20° 23°4° 32° 40° 62°8° 69°6° 
Density....... 0°8039 0°8012 0°7942 0°7875 0°7682 0°7622 


Ow- 
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Landolt-Bérnstein’s tables give d 0°/0° 0°8205 hence d 0°/4° 0°8204, 
whilst by extrapolation from the above figures we find d 0°/4° 08210, 
so that, judged by the density, the alcohol used seemed almost pure. 
However, after three solutions had been examined some doubt arose 
as to whether a portion of one of them had not been returned by 
mistake to the bottle containing the pure propyl] alcohol instead of to 
that for residues, and to determine this, some of the former liquid was 
examined polarimetrically and found to have a slight levorotation. 
This might be due to presence of ethyl tartrate (although in that case 
a positive rotation was to be expected), so the propyl alcohol was 
redistilled and, on examination, the distillate and the residue left 
in the flask were found to be levorotatory to almost exactly the same 
extent, which although proving that no mistake had been made in the 
first instance, also showed the propyl alcohol to be somewhat impure. 
This rotation of the alcohol being only very slight and several experi- 
ments having already been carried out, it seemed unnecessary to repeat 
them, since the quantity of impurity present probably did not influence 
the effect of the propyl alcohol on the rotation of the ethyl tartrate, 
except by superposition. The rotation of the propyl alcohol was 
therefore carefully determined : 


ap —0:067° at 18°8° in a 400 mm. tube. 
ap —0°094° at 68°5° ~ “ 


ii Its rotation is thus very small, but becomes of some importance 
inthe case of dilute solutions, and consequently the results of the 
experiments performed have been approximately corrected for the 
rotation of the propyl alcohol, the length of the tube and the com- 
position of the solution examined being taken into account. 


p=2'5004. 
Temperature. ( Ba ) Corr. ( By beg ) Density. [a}é. 
16°1° +0°488° +0°066° +0°554° 0°8152 +6°79° 
29 0°614 0°070 0°690 0°8045 8°58 
19°4 0°506 0°068 0°574 0°8120 7°07 
Densities determined : 
Temperature ......... 16°6° 20°9° 82°5° 
Density...........s0006. 0°8146 0°8111 0°8017 
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p=4-9996. 

Temperature. sg 1 Corr. ( P-cell Density. [a}. 
17°6° +1°072° +0°064° +1°136° 0°8201 +6°93° 
20 1°125 0°066 1191 0°8174 7°29 
68°8 1°867 0°091 1°958 0°7763 12°61 
62°3 1°775 0°088 1°863 0°7821 11°91 
52°6 1°662 0°082 1°744 0°7907 11°03 
45°7 1°572 0°079 1°651 0°7970 10°36 
28°3 1'308 0°069 1°377 0°8112 8°49 
18°4 1°108 0°065 1173 0°8197 7°16 

Densities determined : 

After 
experiment, 
Temperature 16°7° 33°2° 44°9° 58° 80°2° 18°8° 
Density ...... 0°8210 0°8075 0°7977 0°7863 0°7661 0°8193 
p=7'713. 

Temperature. al . Corr. ( gang ). Density. [a]f. 
18°7° +1°766° +0°062° +1°828° 0°8279 +7°16° 
55°1 2°751 0°089 2°840 0°7970 11°55 
48°7 2°616 0°084 2°700 0°8023 10°90 
39°5 2°396 0°077 2°473 0°8102 9°89 
28°9 2°082 0°070 2°152 0°8191 8°52 
21°3 1°858 0°064 1°922 0°8254 7°55 
18°5 1°761 0°062 1:823 0°8279 7°18 
13 1°570 0°058 1°628 0°8825 6°34 

Densities determined : 

After 
: experiment. 
Temperature 23°5° 84°2° 45°8° 58°4° 79°6° 20°8° 
Density ...... 0°8236 08148 0°8050 0°7941 0°7763 0°8268 
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p= 17°507. 


Obs. Tru , 
Temperature. | (» 1906 rin N Corr. (9 bth ),| Density. 


15°9° +2°354° +0°035° +2°389° 0°8596 +6°36° 
29°7 3°010 0°040 3°050 0°8480 , 
19°7 2°555 0 037 2°592 0°8563 


Densities determined : 


Temperature............ 18°9° 28°2° 
NES 0°8570 0°8492 
3 p=25. 
Obs. ap True ap. 


Temperature. (249°6 mm.). Corr. (249°6 mm.). Density. 


189° +3°626° +0°033° +3°659° 0°8799 +6°67° 

68 ‘2 6°125 0°053 6°178 0°8358 11°84 

63°3 5°945 0°051 5°996 0°8402 11°44 

57°9 5°756 0°049 5°805 0°8453 11°01 ; 
ii 51°9 5°486 0°047 5°533 0°8509 10°42 | 

42°3 5076 0°043 5°119 0°8596 9°54 

83°1 4°496 0°039 4°535 0°8678 8.37 

18°8 3°608 0°033 3°641 0°8800 6°63 


Densities determined : 


After 
experiment, 
Temperature ...... 17°7° 31°6° 52°1° 70°6° 19° + 
Density ......:+++ 08810 0°8691 0°8506  0°8334 08802 | 
p=37 51. 1 
Temperature. wae Ne 00 Corr. > _ Density. [a}é. | | 
a j 
159° | +2-082° +0011" | +2-098° 09259 +6°03° ‘| 
36 2-939 0-014 2°953 0:9080 8°67 | 
~ 31 2°705 0018 2-718 0'9122 7°94 
23-2 2395 0012 2°407 0'9194 698 


Densities determined : 
Temperature ............ 17°8° 35°6° 
eer 0°9242 0°9082 
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p= 49°834. 
. Gp T , 
Temperature. Py ting ). Corr. (100 mm. ). Density. [ alt. ' 
| | bet 
19° +3046 | +0-009° | 43-055° | 0-9687 +6°38° ba 
71°2 5°305 0°016 5°321 0°9237 11°56 
63°6 5°021 0°015 5°036 0°9262 10°91 fol 
58°2 4°830 0°014 4°844 0°9314 10°48 
52°4 4°613 0°014 4°627 0°9370 9°91 
41°2 4°150 0°012 4°162 0°9479 8°81 
28 3°525 0°011 3°536 0°9601 7°39 
19 3°031 0°009 3°040 0°9687 6°30 
p= 
Densities determined : - 
After 
experiment, 
Temperature ......... 19°8° = 81°2°,s 48°8°— «94° «80°29 — «186° - 
EE RO 0°9678 0°9571 0°9453 0°9308 0°9099 0-°9696 
p=T4'99. 
‘ , . , De 
No correction has been made in this case for the rotation of the 
propyl alcohol. 
Temperature. ay (100 mm.). Density. [a]. 
P= 
20° +5°276° 1°0756 +6°54° _ 
79 9°065 1°0169 11°89 
73°6 8°928 1°0221 11°65 
69°9 8°791 1°0259 11°43 a 
60°5 8°356 1°0350 10°77 
33°3 6°495 1°0622 8°15 
47°1 7°605 1°0487 9°67 
bh fie § 5°133 1°0780 6°35 
Densities determined : 
After After 
experiment, * experiment.* 
Temperature ...... 21° 38°3° 50°6° = 712° 18° 20°8° 
Density ........+0+. 1°:0747 =1°0576 =1°0448 1°0248 1°0833 1°0811 
D 


* In this case, the density after experiment differs more than is usual from the 
original density. 
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mes Ethyl Tartrate in Glycerol. 


The glycerol used was carefully redistilled ina vacuum. It boiled 
between 177° and 178° under 20 mm. pressure, the temperature of the 
bath being 225—235°. 

Its density was determined at different temperatures with the 
following results : 


Temperature 13:2 30° 54° 75°5° 99°5° 
Density...... 12651 1:2552 1:2397 1:2256 - 1:2097 


p= 4°985. 
Temperature. ap (249°6 mm). Density. [a]f. 
98°2° +2'12° 1°2080 +14°18° 
_ 17 1°52 1°2617 9°68 
77°5 1°95 1°2198 12°88 
47°6 1°87 1°2425 12°10 
35°7 1°77 1°2500 11°38 
26°8 1°66 | 1°2555 10°63 


Densities determined : 


she 
Temperature ......... 17°1° 40° 57° 99° 
EE een 1°2620 1°2475 1°2366 1°2076 
a p=9°906. 
Temperature. ap (200 mm). Density, [a}f. 
99° +3°1l 1°2050 +18°01° 
17 2°26 1°2600 9°07 
78 3°04 1°2193 12°59 
72°6 3°00 1°2230 12°28 
65°8 2°94 1°2277 12°09 
57 2°86 1°2340 11°70 
52°7 2°80 1°2865 - 11°43 
‘ 17°2 2°25 1°2601 9°01 
t. 12°1 2°14 12682 8°55 
aii Densities determined : 
the Temperature...... 17°3 37° 57° 68°2° 99°5° 


Density ......... 1°2601 1°2474 1:2338 1°2263 1°2044 
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p=23°455. 
Temperature. a (200 mm.). Density. [a}f. 
15°4° + 4°21° 1°2098 +7°42° 
100 6°94 1°1944 12°39 
75 6°60 1°2125 11°61 
68°8 6°44 1°2173 11°28 
64°9 6°35 1°2200 11°10 
55 5:99 1°2271 10°41 
28°3 5:00 1°2460 8°55 
25°8 4°87 1°2480 8°32 
13 4°18 1°2566 7°09 
10°5 4:03 1°2580 6°83 
8 3°89 1°2597 6°58 
Densities determined : 
Temperature ...... 8°5° 21°4° 452° 60° 100° 
BEET, sccccsesosee 1°2600 1°2512 1°2344 1°'2238 1°1944 
p=48'125. 
Temperature. @» (200 mm.). Density. [a}é. 
100° +12°97° 1°1749 +11°47 
79 12°14 1°1920 10°58 
70°5 11°57 1°1990 10°03 
65°8 11°31 1°2030 9°77 
§1°2 10°49 1°2145 8°98 
46°5 9°60 1°2187 8°18 
41°8 9°12 1°2222 7°76 
39°1 8°89 1°2243 7°54 
24 7°24 1°2368 6°08 
6°5 4°92 1°2507 4°09 
Densities determined : 
Temperature ...... 10° 86°3° 55° 70° 100° 
j Density ............ 1°2480 1°2269 1/2116 1°1998 1°1749 


De 
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p= 69°93. 

Temperature, @p (200 mm.). | Density. [a}é. 
98°5° +18°82° 11592 +11°61° 
16 7°91 1°2310 4°59 
78°4 17°48 11763 10°63 
70°7 16°62 1°1832 10°03 
60°8 15°37 11920 9°22 
48°5 14°17 1°2028 8°42 
40°6 13°04 1°2097 7°71 
33°9 11°87 1°2153 6°98 
19 8°78 1°2287 5‘11 

Densities determined : 

Temperature ............ 19° 45° 59°5” 80° 97° 100° 

POM scnsecccansovsiore 1°2289 1°2059 1°19382 1°1752 1°1592 1°1575 

p=89°98, 

Temperature. ap (200 mm.). Density. (a6. 
98°5° +25°64° 1°1392 +12°50° 
15°7 11°72 1°2190 5°34 
83 24°49 1°1540 11°79 
778 24°03 1°1589 11°52 
70°2 23°01 1°1665 10°95 
66°1 22°41 1°1702 10°64 
62°5 21°83 1°1736 10°34 
49°5 20°17 1°1865 9°44 
37°9 17°77 1°1975 8°25 
82°2 16°73 1°2030 7°73 
13 11°25 1°2212 5°12 

Densities determined : 
Temperature ..... 8° 17° 35° 53° 72° 78° ~=—-100 


1°2271 1°2178 1°2004 1°1828 1°1643 1°1582 1°1877 
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Experiment with Rochelle Salt, C,H,O,NaK,4H,0. 


p=13°686. 

Temperature. a, (400 mm.). Density. [a}f. 
15°6° +12°737° 1°0711 +21°72° 
58°9 12°834 1°0521 22°28 
34 12°905 1°0640 22°15 
14°8 12°772 1°0715 21°77 
99°2 12°482 1°0273 22°34 
14 12°760 1°0719 21°74 


Densities determined : 


Temperature. 15°6° 30°8° 55° 70°1° 14°7° 98°8° 
Density ...... 1°0710 1°0654 1°0541 1°0457 10714 1°0269 


Molecular-solution-volume of Ethyl Tartrate in various Solvents. 


M=206. Molecular volume of ethyl tartrate at 20° = 206/1°2053 = 170°91 


[ap = +7°67. 
t. p. d. 8. M.S. V. [a}’. 
( 
Water: 
2°)60Ol | 8S 1-0041 0°9983 158°25 +25°82°* 
; oi eS 1:0100 is 159-06 26°10 
ve | 10 1°0216 ve 159°44 26°00 
ra | 24°954 1-0574 ue 160-05 23°60 
< | 49-993 1°1153 we 163-05 17°33 
ne | 74°99 1°1673 a. 166°50 11°70 x 
10 | 10 10245 09997 156°15 26°30 
- 4 
Methy] alcohol : fro 
Tren 
20° 5 08070 0°7914 159°43 11°50 a 
oe 10 08229 Be 160°68 11°48 2 
ye 25 0°8741 a 161°83 11°20 7 
‘i 50 097038 ie 16431 10°50 Use 
“ 75 1°0824 as 166°97 9°12 
10 10 08327 08010 159°24 10°60 ; 
of a 


* This value is probably rather low. 
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Molecular-solution-volume of Ethyl Tartrate, dc. (continued). 


d. ; | M.S. V. [a]f. 


0°8113* 
0°8183 
0°8261* 
0°8339 
0°8561 
0°8790 
0°7222 
0°9677 
1°0757 
0°8267 


ADA A WWHTAIN 
SAR AIS Sd 
Ss 


ofrrFOWOo*O 


9°97 
9°30 
7°80 
5°62 
5°19 
6°05 
8°28 
8°82 


* These are not experimental values. They have been obtained by interpolation 
from a density-concentration curve constructed from the other figures. This is 
rendered necessary by the fact that in so dilute a solution as one of p=2°5 a very 
slight error in density makes a very large errorin M.S.V. The experimental values 
are, for p=2°5, d=0°8118, and p=7°713, d=0°8265. 

7 This experiment was done much later than the others, and when the alcohol 
used had probably absorbed some moisture. 


This research is at present being extended in order that the effect 
of a considerable number of other solvents, not only upon the rotation 
of ethyl tartrate, but upon those of other active substances as well, 
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may be ascertained, and in order to determine whether the ideas sug- 
gested here can be further developed so as to explain existing difficulties 
and discover new regularities. 


YORKSHIRE COLLEGE, 
LEEDs. 


XIX.—On the Union of Hydrogen and Chlorine. 
Parts Ito II. 


By J. W. MELLor. 


TuIs paper contains the preliminary results of an investigation, sugges- 
ted by Professor Dixon, on the mode of formation of hydrogen chloride, 

So far as I can gather, William Cruickshank,’ of Woolwich, was 
the first to observe the gradual combination of hydrogen and chlorine 
gases. In reference to the action of chlorine on hydrogen, hydro- 
carbons, and carbon monoxide he said on August 10, 1801: 

“If the pure oxigenated muriatic acid, in the form of a gas, be 
mixed in certain proportions with any of these inflammable gases and 
introduced into a bottle filled with and inverted over water, though no 
immediate action may be at first perceptible, yet, in twenty-four hours 4 
complete decomposition will be found to have taken place, the products 
varying according to the nature of the gases employed. . . 

“T introduced into a phial with a glass stopper, filled with and inverted 
over water, one measure of pure hydrogen and afterwards two mea- 
sures of very pure oxigenated muriatic gas, this nearly filled the 
bottle ; the stopper was then introduced very tight under water, and 
before the stopper was introduced, a whitish cloud appeared in the 
mixture yet very little or no diminution could be observed . . .; at the 
end of twenty-four hours when the stopper was withdrawn the whole 
of the gas instantly disappeared except about one-tenth of a measure, 
which was found to be azote, and must have been originally contained 
in the two measures of oxigenated muriatic acid gas. In this case 
the products were manifestly common muriatic acid and water, for the 
water in the phial contained common muriatic acid, but did not in the 
least smell of the oxigenated.” 

The words I have italicised appear to be the first record of a pheno- 
menon named, later, the period of induction. 

On February 27, 1809, Gay Lussac and Thenard announced that ap 


1 Cruickshank, Nicholson's Journ., 1801, [i], 5, 202. Compare Desormes and 
Clement, Ann. Chim., 1801, 39, 26; Berthollet’s ‘‘ Essai de Statique Chimique, 
1803, 1, 423. 
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explosive combination occurs when a mixture of hydrogen and chlorine 
gases is exposed to direct sunlight.1_ In June of the same year, John 
Dalton showed the influence of light in this reaction, and on repeating 
Cruickshank’s experiment, also observed that “the gases after being 
put together (over water) seemed to have no effect for one or two 
minutes, when suddenly the mixture began to diminish with rapidity.” 2 

In a letter to Goethe in 1810, Seebeck intimated that a mixture of 
hydrogen and chlorine gases contained in a clear glass vessel detonated 
in the sunshine, whilst under a dark blue glass combination occurred 
without explosion in one minute, and under a dark red glass the action 
either took place very slowly or not at all. This observation was 
more particularly investigated by Berard (1813), Draper (1843),5 
Favre and Silbermann (1853),6 and finally by Bunsen and Roscoe 
(1857). 

Draper took up the subject about 1840, and made an instrument, 
called the tithonometer, to measure the rate of combination of hydro- 
gen and chlorine under the influence of light. The action of his in- 
strument is based on the fact that the hydrogen chloride formed is at 
once absorbed by the liquid in the same vessel. The resulting con- 
traction is measured on a suitable index. Draper believed that the 
first action was to induce a more active, allotropic modification of 
chlorine, for he found that insolated chlorine combines with hydrogen 
more readily, and even in the dark. The period of inertness, pre- 
viously noted by Cruickshank and Dalton, was then also suppressed. 
This allotropism was not confirmed by Bunsen and Roscoe (1855), or 
by Askenasy and Meyer (1892),§ although Favre and Silbermann 
(1853), and Amato (1884) have given experimental evidence in favour 
of Draper’s original statement. Fremy and Becquerel believe it to be 
due to the presence of oxychlorine compounds formed by the action of 
chlorine on the water vapour present.? Draper also records that if an 
intense light, such as that of a spark from a Leyden jar, be momentarily 


1 Gay Lussac and Thenard, Mem. phys. Chim. Soc. d’ Arcueil, 1809, 2, 340, or 
Gilbert’s Ann., 1810, 35, 8. Alembic Club Reprints, No. 13, p. 438. 

2 Dalton’s ‘‘ A New System of Chemical Philosophy,” 1811, 2, 189. 

5 Seebeck, ‘‘ Von der Chemischen Action des Lichts und der farbigen Beleuchtung,” 
in Goethe’s ‘‘ Zur Farbenlehre,” Tiibingen, 1810, quoted in Eder’s ‘‘Geschichte der 
Photochemie und Photographie,” 1891, 1, 73. 

* Berard, Ann. Chim., 1813, 85, 309. 

5 Draper’s ‘* Collected Memoirs,” 1878 ; Phil. Mag., 1848, [iii], 28, 401; 1845, 
fii], 27, 827. 

6 Favre and Silbermann, Ann. Chim. Phys., 1853, [iii], 87, 479. 

7 Bunsen and Roscoe, Pogg. Ann., 1855, 96, 373 ; 1857, 100, 43, 481 ; 1857, 101, 
235; 1859, 108, 198 ; 1862, 117, 529; Phil. Trans., 1857, 146, 355, 601 ; 1859 
148, 879 ; Ostwald’s ‘‘ Klassiker,” Nos. 34 and 38. 

® Askenasy and V. Meyer, Annalen, 1892, 269, 72. 

* Becquerel and Fremy, Wurtz’s ‘‘ Dictionnaire de Chimie,” 1879, 2, 255. 


218 MELLOR: ON THE UNION OF 


flashed on to the mixture, a sudden expansion, followed instantly by a 
return to the original volume, takes place (therefore no formation of 
hydrogen chloride). This phenomenon will be named, after its first 
observer, the “ Draper effect.” 

Favre and Silbermann! found that the heat developed in the 
action of insolated chlorine on potash was greater than that of non- 
insolated chlorine by some 39 cal. The increase in the activity of the 
chlorine is not accompanied by a change in volume. 

The first part of Bunsen and Roscoe’s classical work appeared in 
1855. The final result was the establishment of the more important 
laws of the chemical action of light. These investigators, by means 
of a perfected form of Draper’s tithonometer, found that an amount 
of actinic energy disappeared in the act of photochemical combination 
equivalent to the amount of light absorbed. This phenomenon was 
styled “ photochemical extinction.” After the period of inertness, 
observed by Oruickshank, the rate of combination of hydrogen and 
chlorine was found to gradually increase until a maximum steady 
state was attained (period of acceleration*). The interval between the 
first impact of light and the period of constancy was termed the period 
of ‘* photochemical induction.” Bunsen and Roscoe also found that 
the presence of minute traces of oxygen, or of an excess of either of 
the reacting components, considerably retarded the rate of formation 
of hydrogen chloride. Gautier and Helier,’ under somewhat different 
conditions, found an acceleration in the rate when either of the react- 
ing gases is present in excess. This is what the dynamical theory of 
mass action would lead us to expect. 

In 1871, Budde‘ discovered that when chlorine is exposed to a source 
of actinic light it occupies a greater volume. This expansion cannot 
be attributed to the direct effects of heat. Recklinghausen ° (1894) 
found that a photo-expansion also occurs when the chlorine is mixed 
with hydrogen, carbon monoxide, or ethylene. No change in volume 
occurs when perfectly pure and dry chlorine is exposed to light under 
somewhat similar conditions (Baker® and Shenstone’). 

Since Bunsen and Roscoe’s great work, the most important contribu- 
tion to the subject was published by Pringsheim® in 1887. Prings- 


1 Loe. cit. 

2 Veley, Phil. Mag., 1894, [v], 37, 165. 

3 Gautier and Helier, Compt. rend., 1897, 124, 1121. 

* Budde, Phil. Mag., 1871, [v], 42, 290; Pogg. Ann. Ergbd., 1878, 6, 477. See 
also Richardson, Proc. London Phys. Soc., 1891, 11, 185. 

5 Recklinghausen, Zeit. physikal. Chem., 1894, 14, 494. 

6 Baker, Brit. Assoc, Rep., 1894. 

7 Shenstone, Trans., 1897, 71, 471. 

8 Pringsheim, Wied. Ann., 1887, 82, 884; Dixon and Harker, Mem. and Proc. 
Manchester Lit. Phil. Soc., 1889, [iv], 8, 118. 
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heim rediscovered the Draper effect, and also found that by drying 
the mixed electrolytic gases the rate of combination was retarded, for 
in sunlight the reaction was only accompanied by a feeble clicking 
sound (“ein sehr schwaches knisterndes Geriusch”). Pringsheim 
believes that during the period of induction some such intermediate 
compound as chlorine monoxide is formed by the action of chlorine 
on the water vapour present. 

A most interesting observation has just been recorded by Cordier? 
somewhat to the effect that dry chlorine is transparent, but moist 
chlorine opaque, to the actinic rays. 


It has been my purpose to investigate the mode in which light 
effects the combination of hydrogen with chlorine. With this object 
in view, I began by studying the electrolysis of hydrochloric acid, and 
the solution of chlorine in this acid, since an exact knowledge of these 
processes is necessary to interpret the work of previous investigators. 


I.—Tue E.ectrotysis of Hyprocuioric Aor. 


The general and most convenient mode of preparing a mixture of 
equal volumes of hydrogen and chlorine gases (Chlorknallgas) is. by 
the electrolysis of hydrochloric acid, under the conditions Bunsen and 
Roscoe 2 found to be most favourable. 

I have examined the gases prepared by this method with a view to 
finding what impurities, if any, are present. The highly’ successful 
experiment of Baker® in which a dried mixture of hydrogen and 
chlorine, prepared by another process, did not completely. combine 
when exposed for two days to the direct rays of tho sun, has not 
been equalled by the use of the electrolytic gases. 

Bunsen and Roscoe have also shown that the influence of impurities 
in modifying the rate of combination of electrolytic hydrogen and 
chlorine is most remarkable. “The amount of foreign gas sufficient 
to materially disturb the normal rate cannot approach the billionth 
part of the total volume of the gas.” 

Draper * has stated that the electrolysis of hydrochloric acid 
never yields equal volumes of hydrogen and chlorine. Bunsen and 
Roscoe, however, very carefully studied the action, and came to the 
conclusion that small variations from equality in the proportions of 
the two gases can be brought within the limits of analysis by taking 


’ Cordier, Monatsh., 1900, 21, 660. 

* Bunsen and Roscoe, Pogg. Ann., 1855, 96, 373. 

* Baker, Trans., 1894, 65, 611. It might also be pointed out that 25 per cent, 
of the mixture remained uncombined after four days exposure, two of which were 
of bright sunshine, 

* Draper, Joc. cit, 
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suitable precautions and keeping the strength of the acid over 23 per libe 
cent. of hydrogen chloride. neg 
If, during the electrolysis of concentrated hydrochloric acid, the 
4HCl+2H,0 are decomposed to form 2HOCI + Cl, + 3H,, the electro- equ 
lytic gases would consist of (m+n)H, and (mHOC1+Cl,), neglecting 
the hydrogen chloride and steam present. If a cylinder containing 
these gases bewpened under an aqueous solution of potassium iodide, The 
then for every four volumes of HOCI present a quantity of iodine pro 
equivalent to two volumes of chlorine will be liberated. In Bunsen and at { 
Roscoe’s analyses there is a mean error of —0°72 per cent., assuming cat! 
that the mixture contained equal volumes of the gases. Therefore, ( 
unless the electrolytic gases contain as impurity an amount of HOCI des 
vapour exceeding 0°18 per cent., it would have escaped detection.2 A chi 
slight excess of hydrogen would also occur if a very little water were tio 
decomposed in the electrolysis. dar 
A large amount of matter has been published on the electrolysis of de. 
the hypochlorites and chlorides. The following refers to hydrochloric thi 
acid. rou 
Riche*® (1858) observed that. dilute hydrochloric acid yields per- per 
chloric acid when a current from 10 Bunsen cells is passed through it, 1 
Tommasi‘ (1882) found chlorine oxides at the positive pole even are 
with concentrated acid, and pointed out the possibility of their forma- f 
tion by the decomposition of the hydrate, HC1,6H,0, or by the action chl 
of oxygen or water on the electrolyte. spe 
Haber and Grinberg ® (1898), in a very complete investigation, con- mi 
firm Bunsen and Roscoe’s observation. Working on small quantities, ser 
they have shown that concentrated hydrochloric acid, with platinum oth 
electrodes, furnishes a 100 per cent. yield of chlorine, which falls to pal 
zero with increasing dilution. They also trace the presence of varying of 
quantities of oxygen, perchloric, chloric, and hypochlorous acids to the ant 
combination of Cl ions with the OH ions of water.® | 
The great solubility of the liberated chlorine and its diffusion over Mi 
to the cathode is, no doubt, an important factor in the inducing of cel 
secondary actions.’ It is this that causes the electrical sign of the wi 
1 It is interesting to observe in this connection that E. Morley (Zeit. physikal. 
Chem., 1896, 20, 430) was unable to obtain an electrolytic mixture of hydrogen and : 
oxygen in the proportions H, : O by the electrolysis of water. 
2 Bunsen, Annalen, 1853, 86, 278. ‘ 
3 Riche, Compt. rend., 1858, 46, 350. 
4 Tommasi, Compt. rend., 1882, 95, 689. , 
5 Haber and Grinberg, Zeit. anorg. Chem., 1898, 16, 198; 18, 37. , 
(2 © Matteucci found that the more intense the current, the greater the amount of tra 
oxygen evolved (Gmelin’s ‘‘ Handbook of Chemistry,” Eng. ed., 1848, 1, 455). Ch 
7 Townsend, Proc. Camb. Phil. Soc., 1897, 11, 245, or Phil. Mag., 1898, [v], 45, on 
+25; Enright, Phil. Mag., 1890, [v], 49, 56. no! 
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liberated hydrogen to change from its initial positive value to a final 
negative one. The formation of oxygen compounds of chlorine by 
the dissociation of chlorine water was first indicated by Millon! in an 
equation subsequently developed by Jakowkin ? in the following form : 


tale ary 
Cl,Aq = (HOCI + H + Cl)Aq. 


The electrolysis of aqueous solutions of chlorine is said to lead to the 
production of hydrochloric acid at the negative pole, and of chloric acid 
at the positive pole.® Oettel * has shown that nascent hydrogen at the 
cathode recombines with the chlorine in the solution. 

Gautier and Helier ° say, “ L’électrolyse de l’acid chlorhydrique ou 
des chlorures fournissent, & chaud ou 4 froid, un gaz mélé d’oxyde de 
chlore, comme ou peut s’en assurer en le faisant passer, aprés dessicca- 
tion préalable, dans un tube de porcelain chauffé au rouge, en receuillant 
dans une éprouvette pleine de potasse les gaz dégagés, il reste toujours 
de l’oxygéne rallumant les corps en ignition.” On carefully repeating 
this experiment, my equivalent to their “tube de porcelain chauffé au 
rouge” was broken by regurgitation of the potash solution. The ex- 
periment succeeds equally well without the hot tube. 

The following experiments prove that variable quantities of oxygen 
are evolved during the electrolysis of concentrated hydrochloric acid. 

Series 1.—Pure cold hydrochloric acid saturated with dry hydrogen 
chloride gas was subjected to electrolysis in a cell from which the 
spent acid could be removed and new acid introduced without ad- 
mission of air (see Fig. 1, p. 222). The electrode gases were led off - 
separately on account of the subsequent heating of the anode gases, 
otherwise explosive combination occurs at 430—440°.° The pre 
pared carbon electrodes were cemented in while warm with a pulp 
of asbestos and sodium silicate (water glass). In other respects Bunsen 
and Roscoe’s directions were closely followed. 

(a). The anode gases were led through a three-way cock and two 
Mitscherlich absorption bulbs, the one containing water the other con- 
centrated sulphuric acid of sp. gr. 1°9 ; then over fragments of glass wet 
with the same acid in a V-tube ’; thence through a heated glass tube, 


1 Millon, Compt. rend., 1849, 28, 42. 

2 Jakowkin, Ber., 1897, $0, 518 ; E. Muller, Zeit. Elektrochem., 1900, 6, 578. 

3 Balard, J. pr. Chem., 1835, 4, 167. 

* Octtel, Chem. Centr., 1895, [iv], 7, ii, 3. 

5 Gautier and Helier, Compt. rend., 1897, 124, 1129, 1267. 

6 Meyer and Freyer, Ber., 1893, 26, 428. 

7 Bailey and Fowler (Trans., 1888, 53, 755) have shown that if the gas contains 
traces of hydrogen chloride, the reaction 2P,0;+3HCl=POCI,+3HPO, occurs. 
Chromic and copper compounds are objectionable for removing the hydrogen chloride 
on account of the possible action of hypochlorous acid. Hence it appeared better 
not to use phosphoric oxide (compare Gutmann, Annalen, 1898, 299, 267 ; Baker, 
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and finally collected in an eprouvette over an aqueous solution of 
potassium hydroxide. Air was carefully swept out of the apparatus 
by means of a current of chlorine, prepared by Gautier and Helier’s 
process, until a blank experiment gave no result. The gases evolved 
during the first two hours electrolysis escaped vid the three-way cock, 
The different parts of the apparatus were sealed together before the 
blowpipe. The experiments were done in a dark cellar. 

In an average experiment, approximately 13—14 litres of the anode 
gases gave 1:2 c.c. of oxygen (at normal temperature and pressure) in 
successive measurements of 0°4, 0°1, 0°3, and 0°4 c.c. 

(b). The dried cathode gases, from which chlorine and hydrogen had 


Fic, 1.—Electrolytic vessel. 


been removed, were passed through a temoin tube and then over 
warm palladium asbestos.1 The water was absorbed in a weighed 
phosphoric oxide tube. Air was, as before, swept out of the apparatus 
by a current of hydrogen previous to an experiment. 

No perceptible increase in weight was noticed. 

The large quantity of desiccating agents used in these experiments 
is a serious objection. E. Morley* has shown that a slow current of 


Trans., 1898, 78, 422). Calcium chloride cannot be used, for any chlorine monoxide 
present would form hypochlorites (Garzarolli-Thurnlackh and Schachal, Annalen, 
1885, 280, 280). 

1 Winkler’s ‘‘ Anleitung zur chemische Untersuchung der Industrie-Gase,” 258, 
(1877). 

2 Morley, Amer. J. Sci., 1885, [iii], 80, 140. 
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sir, passed through strong sulphuric acid, failed to remove something 
like 0°002 milligram of water per litre. This amount of moisture 
yassed along with chlorine through a red hot tube would probably 
liberate oxygen, but not sufficient to account for that obtained. The 
absorption of oxychlorine compounds, as well as of hydrogen chloride,. 
would take place in the first washing bulbs. Whatever the method 
by which Gautier and Helier performed their “ dessiccation prélable,” 
their hot tube is unnecessary, for the experiment succeeds equally well 
without it. 

Unfortunately, there is no satisfactory means of detecting hypo- 
chlorous acid (or chlorine monoxide) under the conditions of these 
experiments, as was shown by Haber and Grinberg! in a recent ex- 
amination of the delicacy of the various methods proposed for the 
detection of hypochlorous acid in the presence of hydrochloric acid. 
They also point out that Wolter’s method,” used by Pedler * to establish 
an equation for the action of light on chlorine water, is quite unreliable 
for “nachweisbare Mengen unterchloriger Siaure kénnen selbst in 
wy Dorm. Salzsiure nicht mehr bestehen.” Millon’s * manganous. 
chloride test can, however, be used as a “ Vergleichsprobe” with 
chlorine water, hypochlorous acid giving a brown colour rapidly, 
chlorine water slowly. Jakowkin® confirms this observation and says, 
“es est deshalb ganz unerklarlich, auf welche Weise Pedler die An- 
wesenheit von HCIO in einer Chlorlésung, welche (nach der Belichtung) : 
iberschiissige Salzsiure enthielt, konstatiert hatte.” 

Srries I1.—A double globe (Fig. 2) had at one end three necks— 
two wider ones for carbon electrodes, and a central one carrying a two- 
way cock (a)—on the other end was sealed a capillary tube, bent twice 
at right angles, and carrying a three-way cock (d). The free end of 
the capillary had a piece of wider glass tubing sealed on, as shown in 
the figure, p. 224. 

The lower globe was painted black. Both globes were filled with 
concentrated hydrochloric acid (completely saturated with hydrogen 
chloride in the cold) as far as the three-way cock, which was lubricated 
with glacial phosphoric acid. This filling was easily done by dipping™ 
the tip of a in the acid and connectingd with an aspirator, or as shown in. 
the figure. The upper cock d was then closed, and the lower one partially 
s, An electric current was switched on (2—4 volts), and while the globe- 
bwas being filled with electrolytic gas, the capillary tube, on the side 
of the apparatus, was filled with concentrated sulphuric acid by pouring: 
the acid ine and applying suction at d. A drying tube was then. 
fitted on to e. 


1 Loe, cit. 2 Wolters, J. pr. Chem., 1878, [ii], 7, 468. 
3 Pedler, Trans., 1890, 57, 613. * Loc. cit. 
5 Jakowkin, Zeit. physikal. Chem., 1899, 29, 613, 


224 MELLOR: ON THE UNION OF 


When the globe 4 was almost full of the electrolytic gas, the cock 
at @ was closed, and d opened for some two hours. The right and 
left hand sides of the vessel were then put into communication, and 
the upper globe exposed to some source of artificial light (coal gas 
lamp). The current was so regulated by the introduction of a suitable 
resistance that the ratio of the rate of formation of the gases H, +(l, 
and the rate of solution of the reformed HCl was approximately 
constant. 

After 14 days, the three-way cock d was joined to a Hempel burette 
containing an aqueous solution of manganous chloride, and the current 


stopped. All the air between the capillary of the cock and the buretie 
was driven over into the right hand side of the apparatus. Water 
was then run into the lower cock, until all the gases in the upper globe 
were transferred to the burette. Analysis, by Haber and Grinberg’s 
method, invariably showed that oxygen is formed during the electrolysis. 

From this and the preceding experiments, it follows that if « be the 
amount of oxygen in the vessel at the end of the time ¢, we have: 


x = ¢(é). 
The manganous chloride comparison test generally shows the presen 
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of traces of hypochlorous acid, thus confirming the suspicion of Haber 
and Grinberg. 

The gases exposed to the light are, therefore, a mixture of chlorine, 
hydrogen, steam, hydrogen chloride, and oxygen. There is probably 
acondensation of water vapour on the glass. A reaction between 
chlorine and water is, therefore, quite possible. From the thermo- 
dynamical principle of maximum work, it can be shown that, while 
gaseous chlorine will not decompose steam at 100°, it will act slowly 
on water at atmospheric temperatures. Thus, in round numbers: 


(1). Water Vapour and Chlorine Gas. 


[H,,0] gas at 100°= +58 Cal. ; [H,Cl]= +22 Cal. 
H,O (gas) + 2Cl (gas) = 2HCl (gas) + O (gas) — 14 Cal. 


(2). Liquid Water and Chlorine Gas. 


[H,,0] liquid = 68-4 Cal. ; [HCl,Aq]= + 17-2 Cal. 
H,0 (liquid) + 2Cl (gas) + Aq = 2HCIAq +O (gas) +.10 Cal. 


Under similar conditions, in a cool cellar and an atmosphere of 
noist chlorine in the globe 6, a negative result was obtained.} 

It is thus evident that : 

(1). Oxygen is present among the gaseous products of the electro- 
lysis of hydrochloric acid. 

(2). Even though traces of the lower chlorine oxides may be formed 
during the electrolysis, it is unlikely that any escape a preliminary 
washing of the gases. 


Il. Tae Sonvusinity or CoLorine 1n Aqueous Hyprocutoric Acip. 


When a mixture of equal volumes of hydrogen and chlorine in the 
presence of water saturated with the two gases is exposed to the action 
of light, hydrogen chloride is formed by the water at a rate pro- 
portional to the intensity of the light. Thinking that this absorption 
of the hydrogen chloride might disturb the equilibrium of the gases in 
the insolation vessel of Bunsen and Roscoe’s actinometer, I have in- 
vestigated the solubility of chlorine in water containing varying 
quantities of hydrogen chloride at a constant temperature. 


‘See the various reports to the British Association collected by Richardson 
(B. 4. Reports, 1888, 89 ;.1889, 59; 1890, 263). Bunsen and Roscoe (this Journ., 
1856, 8, 190), investigating Wittwer’s proposal (Pogg. Ann., 1855, 94, 527) to 
Measure the chemical action of light by the decomposition of chlorine water [say, 
2Cl, (liquid) + 2H,O (liquid) = 4HCI (liquid) + O, (gas)), found that the presence 
of hydrochloric acid greatly retarded the action. 
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No systematic work appears to have been done on this subject, 
Three isolated records were all I could find. 

In 1856 Roscoe ! found that the presence of 1/120th part of hydro- 
gen chloride lowered the value of the coefficient of absorption of 
chlorine in water from a=2°3911 to 1°9789 at 14°. 

Berthelot * (1880) found that a 38 per cent. solution of hydrogen 
chloride absorbs 17:3 grams of chlorine per litre ; a solution containing 
1/3HCl, that is, 33 per cent.,* absorbs 11°0 grams; whilst a 3 per 
cent. solution absorbs 6 grams of chlorine per litre (temperature not 
stated). Berthelot suspects the formation of hydrogen perchloride, 
HCl,, in strong solutions, and quotes thermochemical data in support 
of this view. 

Goodwin * (1882) investigated the influence of temperature on the 
solubility of the following different strengths of acid and found : 


Hydrochloric acid of sp. gr. 1046, a=2°5403 at 23°6° (752 mm.). 
1:080, a = 4°1433 at 15°5° (763 mm.). 
1:125, a=4°7631 at 20°7° (762 mm.). 


” 


”? 


In my preliminary work I found that Heidenhain and V. Meyer's’ 
method for saturating the liquid by shaking with the gas did not work 
so satisfactorily as the one described below. 

Chlorine, evolved from the liquid, was washed in boiled distilled 
water, then in chromic acid solution, and again in water. The gas 
was then passed into a vessel containing the given solution until two 
titrations, with sodium thiosulphate, showed constant figures. The 
saturation vessel stood in a water-bath maintained at a temperature 
of 20—21° by means of a thermostat. This work was done ina 
dark cellar. 

Ten c.c. of the saturated solution were run’ into an aqueous W/10 
solution of potassium iodide. The free iodine was determined by 


1 Roscoe, this Journ., 1856, 8, 14. 

2 Berthelot, Ann. Chim. Phys., 1881, [v], 22, 462; or Compt. rend., 1880, 91, 
194, 

3 A. M. Comey, ‘‘ Dictionary of Solubilities,” 105, 1896, translates this as one- 
third of the 38 per cent. solution, and, therefore, wrongly reads ‘‘12°7 per cent. 
HCl absorbs 11 grams of chlorine per litre.” 

* Goodwin, Trans. Rey. Soc. Edin., 1882, 830, 597 ; or Ber., 1882, 15, 3039. 

5 Timofeeff, Zeit. physikal. Chem., 1890, 6, 141. 

® This temperature was chosen to eliminate, as far as possible, any disturbance 
due to the formation of hydrates (compare Roozeboom, Rec. trav. Pays-Bas, 1884, 
3, 59; 1885, 4, 69 ; Isambert, Compt. rend., 1878, 86, 481). 

? The slight loss of chlorine involved in the withdrawal of this liquid by * 
suction pipette is avoided by using a pipette similar to that described by Reid 
(Chem. News, 1892, 66, 167), or Ruting’s patent pipette (Zeit. physikal. Chem., 
1899, 29, 626). 
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means of standardised sodium thiosulphate solution in the usual way. 
The loss due to the decomposing effect of hydrochloric acid on the 
thiosulphate! was negligibly small, since the thiosulphate was added 
direct to the iodine.? 

Let 6 be the temperature, p the height of the barometer in mm. of 
mercury, a the coefficient of absorption, A the coefficient of solubility, 
nthe number of c.c. of the standard thiosulphate required in titrating, 
the volume of chlorine in c.c. absorbed by the given solution. Since 
each c.c, of the thiosulphate solution was equivalent to 0°01386 gram of 
iodine, or 0°003848 gram or 1°2127 c.c. of chlorine, that is, v= 1°2127, 

273 Pp » 
o273 +0, 760 * 10° 


For chlorine in pure water at 21°, 2=2°1167, Schinfeld*® gives 
21148. The variations in the barometer readings were so small that 
their influence on the results is well within the errors of experiment. 
Temperature variations were, for the same reason, neglected. Hence: 


_ 2734+0_ : 
Ama—ae NX 1:2127. 


Absorption coefficients of chlorine. 


Grams HCl | Grams Cl, 


per . 6 per 
1000 c.c. 1000 c.c. 


313°401 31°52 761 21°0 12°08 3°5492 8°8224 
282°060 29°57 761 21°0 11°87 3°3278 8°5859 
250°720 27°77 759 21°0 | 10°68 8°1272 3°3677 
219°380 25°82 759 21°0 9°93 2°9248 $°1312 
188040 24°01 761 20°2 9°23 2°7020 2°9117 
156°700 22°30 761 20°2 8°58 2°5095 2°7048 
125°360 20°18 761 20°5 7°76 2°2711 2°4473 
94°020 18°70 760 205 | 7°19 2°1044 2°2677 
62°680 16°60 760 20°0 6°38 1°8682 2°0131 
31°340 14°87 762 21°0 5°81 1°6736 1°8033 
15°670 13°27 759 21°0 | 5°10 1°4983 1°6092 
12°540 12°61 759 21°0 | 4°85 1°4200 1°5292 


9°402 12°38 760 21°0 4°76 1°3942 1°5013 
6°248 12°87 760 20°0 4°94 1°4483 1°5607 
3°134 13°77 760 21°0 5°30 1°5496 1°6698 
nil 18°80 760 21°0 | 7°23 2°1157 2°2799 


When the amounts of hydrogen chloride contained in the solution 
are plotted as abscisse against the amounts of chlorine absorbed, two 
1 Pickering, this Journ., 1870, 37, 135. 


2 Norton, Amer. J. Sci., 1899, [vii], 7, 287. 
3 Schénfeld, Annalen, 1855, 98, 26. 
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distinct curves appear. The one is subsequently referred to as the 
**ourve of dissociation,”’ the other as the ‘‘ curve of association.” 

The first action of chlorine on dilute hydrochloric acid is apparently 
represented by some exponential curve which intersects another 
simpler linear curve represented by the equation : 


B=ap+b 
where a and 6 are constants approximately equal to 0°023 and 4:92 
respectively, and p and £ respectively denote the amounts of hydrogen 
chloride and of chlorine per 1000 c.c. of solution. 
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Jakowkin! has proved that the action of chlorine on water is 4 
reversible dissociation somewhat in the form of the equation : 


Cl,Aq = (HCl+HOCIAg. 


He takes advantage of the fact that undissociated chlorine divides in 
a known ratio between water and carbon tetrachloride, in order to 


1 Jakowkin, Zeit, physikal. Chem., 1899, 29, 618. 
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determine the amounts of dissociated and undissociated chlorine in 
aqueous solution, hydrochloric and hypochlorous acids being insoluble 
in carbon tetrachloride. 


According to the dissociation theory, HClAq = (H+Cl)Aq, 
while the hypochlorous acid suffers little if any dissociation. The 
latter statement is confirmed by (1) its weak acidity; (2) its easy 
hydrolysis with strong bases; (3) the rapid increase of its molecular 
conductivity with dilution ; and (4) its normal molecular weight by 
cryoscopic methods. 

Even in darkness the action is termolecular, 


oo _ 
ClAq = (H+Cl+HOCI)Aq, 
and is therefore denoted by the formula 


go4-7 we 
c 
where A represents the total number of gram-molecules of chlorine 
in the solution, c that of the undissociated chlorine, A —¢ the number 
of dissociated chlorine molecules in the solution. 

The total volume of a substance taken up by unit volume of solvent 
is often referred to as the apparent solubility, whilst the amount of 
substance which remains unchanged in unit volume of solution is 
termed the real solubility. 

Applying Nernst’s distribution law,' 


A=c+(A-—c), 


oo 
and since for every Cl ion that goes to form HOCI one H ion is set 
free, we have, according to the mass law, 


cK={A-c)* . (2) 


where X has not necessarily its former value. 

If c, is the concentration of a second electrolyte which has one ion 
in common with the ions already in solution, we have for H or Cl ions, 
as before, 

A'=¢'+(A'-c’), 
and 

cR'=(A'-c')(A'—c' +e). ° (3) 

But since 

(A -¢)<(A'-c’) 

c’>¢, 

that is, the amount of undissociated chlorine will be increased by the 
addition of a second electrolyte containing either H or Cl ions ; hence 


1 Nernst, Zeit. physikal. Chem., 1889, 4, 872; Noyes, ibid., 1890, 6, 241. 
VOL. LXXIX. R 
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it follows from the “theorem of constant solubility” that the solu- 
bility of chlorine will be diminished. 

Let A represent the apparent solubility, and x the real solubility of 
chlorine in hydrochloric acid, « the amount of chlorine or of disso- 


4 oo 
ciated (H+Cl) in solution according to Jakowkin’s equation, y the 
amount of chlorine in solution assumed, for the present, to be in some 
way combined with HCl. Hence 


A=xt+aut+y. 
For dilute solutions we should have 
A=x+2%. 


The value of « is easily calculated from the dissociation data compiled 
by Fitzgerald in the Reports to the British Association, 1893.1 The 
results are not altogether in accord with experiment, showing that 
under these conditions x is either not constant, or y cannot be 
neglected. Beyond a certain limit, however, y becomes relatively 
large, while x becomes small. That is 
dxX= ay + Vd, 

assuming x to be constant. 

This diminution in the solubility of chlorine can be readily shown 
in a qualitative way, by adding a few c.c. of concentrated hydrochloric 
acid to a quantity of saturated chlorine water contained in a narrow 
vessel, Bubbles of chlorine soon form and escape to the surface. 

It is evident from the termolecular action of chlorine on water : 

(1) The addition of an electrolyte capable of supplying Cl ions to 
the solution will cause a diminution in the solubility of chlorine. 

Thus Kumpf,? Goodwin,’ and Jakowkin® have shown this diminu- 
tion in the solubility of chlorine in saturated solutions of alkali 
chlorides. The separation of sodium chloride, when chlorine is passed 
into saturated aqueous solutions, is another consequence of the same 
law. Conversely, Engel has shown‘ that the addition of hydrogen 
chloride diminishes the solubility of electrolytic chlorides. Non- 
electrolytic chlorides, however, do not influence the solution unless 
molecular association occurs: for example, mercuric chloride. 

(2) The addition of an electrolyte capable of supplying H ions must 
also effect a reduction in the solubility of the chlorine. 

This has been proved, for the electrolytic acids, nitric acid, hydro 


1 Reprinted in Whetham’s ‘‘ Solution and Electrolysis,” 215, (1895). 

2 Kumpf (Jnaug. Dissert.) Wied. Biebl., 1882, 6, 276. 

3 Loc. cit. 

* Engel, Bull. Soc. Chim., 1889, [iii], 1, 695 ; or Compt. rend., 1889, 104, 1710 ; 
Ditte, dann. Chim. Phys., 1897, [ vii], 10, 556. 
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chloric acid, sulphuric acid, and acetic acid, and its three chloro-deriva- 
tives. Non-electrolytic acids have no influence on the result: for 
example, boric acid. 

(3) The addition of hypochlorous acid reduces the solubility of 
chlorine in water, since it acts in virtue of the change, Cl,Aq =(HCl+ 
HOCI)Aq. 

Hydrogen chloride, supplying as it does both H and Cl ions, has a 
very marked influence in dilute solution. This is shown in Fig. 3, 
p. 228, as an isothermal curve of dissociation. The more concentrated 
the solution of hydrogen chloride the less the dissociation. For very 
concentrated solutions of hydrogen chloride we should expect a bimole- 
cular action : 

Cl,Aq = (HCl+ HOCI)Aq, 
and from equation (1) 


Pc SS 
c 
or 
cK =(A-—c)(A -—c+2), 

where z denotes the number of hydrogen chloride molecules added to 
the solution. 

When the amount of dissociated chlorine (x) in the solution is exactly 
equivalent to the amount in combination (y) 


“, or y= 3(A vl x): 
From Berthelot’s original paper,! the conclusion may be drawn that 
there is a concentration of hydrogen chloride having a maximum 


Gram HCl Berthelot. 

No, | &¢: Thio- per Gram Cl t 
sulphate, | 100 gram | per litre. ; P- P t 

of solution. ACL, * | Gram Cl. 
1| 177 2°90 60 6 150 | 759 3 6-0 
4 18°9 3°22 6°3 16°3 763 3 6°0 
5 7 11°53 7°2 16°3 763 a —_ 
2 23°4 12°19 7°76 15°0 759 — 
6 31°1 31°24 10°3 16°3 7638 33 11°0 
3 31°8 82°00 10°55 15°0 759 33 11°0 
7 34°9 84°57 11°6 16°3 763 38 17°3 
8 36°2 35°90 12°7 16°3 763 38 17°3 


The number 17°3 for the weight of chlorine in a 38 per cent. solution of hydro- 
chloric acid attributed above to Berthelot is given in his paper as 7°3. He has 
recently informed me that this isa misprint. The mistake also occurs in Comey’s 
Dictionary. The experiments in the text were made at the end of 1899 in the attempt 
sm a point of maximum solubility, before it was found that 7°3 was not the true 
number, 
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power of absorption for chlorine. Hydrochloric acid saturated with 
hydrogen chloride in the cold was used for the strongest solution, 
The chlorine was passed into the solutions as indicated above. Free 
chlorine was determined by the usual thiosulphate titration, total 
chlorine by boiling 10 c.c. of the saturated solution with ferrous sul- 
phate and aqueous potassium hydroxide. The chlorine was then pre- 
cipitated as chloride from the solution, acidified with nitric acid, and 
weighed in the usual way. One c.c. of thiosulphate = 0-003319 gram 
of chlorine. 

There is thus no indication of a point of a maximum followed bya 
diminishing solubility with increasing concentration. 

An objection to the preceding method of finding the solubility of 
chlorine in the stronger solutions might be pointed out. If the current 
of gaseous chlorine occupies any considerable time, the acid will tend 
to attain that particular concentration which has a constant com- 
position, and at equilibrium, the chlorine and hydrogen chloride will 
be distributed according to their partial pressures + and the phase rule, 


On the Existence of HCl, in Liquid Solution. 


The curve of association indicates the possibility of the existence 
of some combination of hydrogen chloride and chlorine, possibly stable 
only in the presence ef a great excess of hydrogen chloride, just as 
the great quantity of chlorine retained by strong solutions led Draper?* 
to believe in the existence of a “bichloride of hydrogen,” and Ber- 
thelot of a “perchloride of hydrogen.”® In a quite analogous way, 
Engel found that the solubility of certain chlorides is increased if 
hydrochloric acid is present in the solution owing to formation of 
“ chlorhydrates.” Some of these were isolated; for instance, those of 
stannic, ferric, cupric, and mercuric chlorides. 

The following evidence for the existence of HCl, might be cited: 

(1). The existence of other well-established tri- and penta-halides.* 

(2). The partition-coefficient of igdine, between aqueous solutions 
of potassium iodide and carbon disulphide, leads to the formula KI'I, 
(Jakowkin).° 

1 Pérman, Trans., 1895, 67, 868. 2 Draper, Phil. Mag., 1843, [iii], 28, 431. 

3 Millon (J. Pharm., 1841, 28, 299) regarded the yellow liquid remaining when 
lead chloride is removed by the cooling of the products of the interaction of lead peroxide 
and concentrated hydrochloric acid according to the equation PbO,+6HCl=PbCl,+ 
2H,0+2HCl,. It is now generally believed that the action is PbO,+4HCl= 
PbCl,+2H,0, although the action PbO,+5HCl=PbCl,+2H,0 + HCl, appears to 
be equally probable. 

4 Compare Wells, Amer. J. Sct., 1892, [iii], 48, 17; Wells and Wheeler, #id., 
1892, 44, 42, 475. 

5 Jakowkin, Zeit. physikal. Chem., 1894, 18, 539. Compare Wilderman’s 
BrHBr,, &c., ibid, 1893, 11, 407 ; Noyes and Seidenstraker, ibid., 1898, 27, 357. 
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(3). The increasing solubility of chlorine with increasing additions 
of hydrogen chloride, and the analogy with Engel’s “‘chlorhydrates.” - 

(4). The heat disengaged by solutions of chlorine in concentrated 
hydrochloric acid approaches that required for HCl,, and resembles 
that required for KI, and KBr, (Berthelot). 


On the Existence of HCl, in Gaseous Solution. 


Evidence for the existence of gaseous HCl, was sought by bringing 
hydrogen chloride and chlorine together in the dark by means of the 
apparatus devised by Dixon and Harker.’ A slightly greater con- 
traction occurred, differing from that with hydrogen chloride and air, 
or with chlorine and air. This might be attributed either to a con- 
densation of the gases on the glass or else to some form of molecular 
attraction between hydrogen chloride and chlorine. 

The only evidence of chemical combination between certain gases is 
aslight difference between the total volume occupied by the separate 
and by the mixed gases. It is assumed that if no chemical combination 
takes place, the mixture will obey Dalton’s law of partial pressures, 
namely, ‘the pressure exerted by a mixture of gases is equal to the 
sum of the pressures separately exerted by the several components.” 

The work of Regnault? on mixtures of air with carbon dioxide and 
with sulphur dioxide ; of Andrews*® on mixtures of carbon dioxide 
with air and with nitrogen, and of Braun* on mixtures of sulphur 
dioxide and carbon dioxide, sulphur dioxide and hydrogen, sulphur 
dioxide and nitrogen, hydrogen and carbon dioxide, hydrogen and air, 
hydrogen and nitrogen, and carbon dioxide and air, shows that 
Dalton’s simple law of addition is not strictly followed. 

Dalton’s law assumes : 

(1) That each component exerts the same pressure in the mixture that tt 
would if it occupied the space alone. 

To avoid this limitation, Sarrau® has proposed to recast Dalton’s 
law somewhat in this form : the specific volume of a mixture of gases 
is equal to the sum of the specific volumes of the several components. 
Leduc and Sacerdote® find that in this form the law agrees better 
with the results of their experiments. 


Pr Dixcn and Harker, Mem. and Proc. Manchester Lit, Phil. Soc., 1890, [iv], - 
, 118, 

* Regnault, Mem. de U’ Acad., 1862, 26, 256. 

* Andrews, Phil, Mag., 1876, [v], 1, 78; Phil. Trans., 1888, 178, 57. 

* Braun, Wied, Ann., 1888, 34, 943. 

* Sarrau’s ‘‘ Introduction & la Theorie des Explosifs,” 25, (1895). 
-* rend., 1898, 126, 218, 1853 ; Leduc’s “‘ Recherches sur les gaz,” 105, 

8). 
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D. Berthelot? has deduced an expression from van der Waals’ equa- 
.tion which gives results in close agreement with experiment for the 
change of pressure accompanying the mixing of gases, for example: 


Calculated increase. Observed increase. 
CO, +N,O 0:00013 atm. 0:00011 atm, (Sacerdote). 
CO, - 80, 0°:0019 » 0:0018 ~ so 


These calculations are based on the assumption that the change of 
pressure which accompanies the expansion of each component of the 
mixture obeys van der Waals’ modification of Boyle’s law. 

Some interesting examples in which the final pressure is obscured by 
the dissociation of one of the components of the mixture are treated 
in a recent paper by Professor Dixon and J. D. Peterkin.* 

(2). That the molecules of the different gases exert neither attractive nor 
repulsive forces on one another. 

According to the kinetic theory, intermolecular attraction will (1) 
increase the number of collisions between the molecules, (2) 
cause certain molecules to swerve from their normal rectilinear path, 
(3) diminish the outward pressure of the gas. The molecules of such 
a gas are only attracted from within, its volume will therefore be less 
than that of a gas containing the same number of non-attracting 
molecules subject to the same external pressure. 

It is proved in works on the kinetic theory of gases that for every 
‘molecule that loses its motion by collision, another will acquire the 
same motion by another simultaneous collision. That is to say, unless 
the attracting molecules during a collision remain in contact a longer 
time than non-attracting molecules, their motion will go on just the 
same as if there were no collision at all. 

Sutherland ® by assuming that this attractive force varies in- 
versely as the fourth power of the distance between the molecules, has 
deduced very satisfactory formule to explain certain physical proper- 
ties of gases. For instance, Lord Kelvin and Joule found that the 
cooling effect produced when a mixture of gases undergoes expansion 
is not exactly the value calculated on the assumption that there are no 
attractive forces between the molecules. Sutherland, applying his law 
of the inverse fourth, obtains results in harmony with experiment. 
Similarly with the variation of viscosity with temperature, diffusion 
of gases, &. 

The term av~? in van der Waals’ equation is intended to allow for 


! D. Berthelot, Compt. rend., 1898, 126, 954, 1080, 1415, 1708, 1857; 1899, 
128, 1159; Leduc, cbid., 1898, 126, 1859 ; Van der Waals, idid., 126, 1856. 
® Dixon and Peterkin, Trans., 1899, 75, 613. 
Pe Sutherland, Phil. Mag., 1898, [v], 36, 507 ; also 1886, [v], 22, 81; .1895, [v], 
, 421. 
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the effects of the attraction of-the molecules when gases undergo 
certain changes in.volume under the influence of a varying pressure. 

In a private communication last June, M. D. Berthelot pointed out to 
me that there is no reason to suppose that the increase of pressure 
calculated for the mixture of hydrogen chloride and chlorine would 
differ very much from that for the mixture of carbon dioxide and 
sulphur dioxide, unless the chlorine exercised some action on the walls 
of the vessel. Of course this action may to some extent be allowed for 
by a preliminary saturation of the walls of the vessel with chlorine 
and comparative experiments with other gases. 

Any slight contraction, therefore, which might occur on mixing two 
gases (say hydrogen chloride and chlorine) cannot be taken as con- 
clusive evidence of a chemical combination (say, formation of HOl,) 
until it has been shown that intermolecular forces are inadequate to 
account for the discrepancy. 


III. ToeRMopyNAMICS oF SOLUTIONS oF CHLORINE AND HyDROGEN 
CHLORIDE IN WATER. 


If hydrogen chloride be added to a saturated solution of chlorine 
water in equilibrium with its atmosphere, the chlorine will be redis- 
tributed until the potential energy of the system attains a minimum 
value. 

From the properties of the thermodynamical potential, it can be 
shown that for an increase 6v in the amount of HOl present, there 
will be an increase or a decrease in-the amount of chlorine retained 
by the solution, according as the van’t Hoff factor ¢ is less or greater 
than unity. 

J. Willard Gibbs! (1876) has shown that the differential of the 
energy of any material system, subject to gain or loss of energy and 
of mass, is expressed by the equation : 


dU = Ode —pdv + pdm, +. «pelt, . - « (i) 


where U denotes the energy, @ the absolute temperature, ® the en- 
tropy, p the pressure, v the volume, » the “ potential” (Gibbs) or 
“intensity ’’ (Helm) factor expressing the rate of increase of energy 
in a reversible increase of unit mass with constant volume energy, 


namely : 
0U 
(Sem 


Where m denotes the mass of the body, and as a suffix implies that all 
other m’s in the above formula are constant. 


1 See H. le Chatelier’s ‘‘ Equilibre des Systsmes Chimiques, par J. Willard Gibbs,” 
54, (1899). 
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Putting, with Duhem, 
6=U-Op+pv . . « . . s (2) 
we get from (1) 


db = -—d¢dO+vdp+Spdm.... . (3) 


where © is clearly a quantity depending only on the parameters 
describing the particular state of the system, that is, ® is a complete 
differential,! and 
Co é 
@ar,0%q Baty aty" 
Consider now the work (W) gained during an isothermal compres- 
sion from an initial pressure p, to a greater pressure p,. 


fer =( °vdp 
”1 pogry iy ap pig 
d; 
= ro) 
and, integrating by the aid of the ordinary gas equation, 
W = ROlog®t . . .... (6) 
Po 


By differentiation of (2) 
and since d® is a perfect differential, as in Massieu’s well known 
functions, 

d@ = vdp 
from (4), therefore 
® = Rolog™ . .... . (6) 
Po 

It now remains to show that ® is a function of the amount_of 

chlorine in solution, or that 
® = f(a). 
where X is the coefficient of solubility. 

The extension of the gas laws to dilute solutions by Arrhenius, 
van’t Hoff, and Nernst, enables the various components of the mixture 
to be expressed as functions of the parameters describing the thermo- 
dynamic state of the mixture. Nernst’s distribution law allows us to 
replace the vapour phase in the extension of Gibb’s equation to Henry's 
law, by a second liquid phase. Let the formula 


poe Moe ae ER) 


1 Duhem’s ‘*Le Potential Thermodynamique,” 33, (1895); ‘'revor, J. Physical 
Chéem., 1897, 1, 205, 633. 
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be applicable to dilute solutions of electrolytes, p now representing 
the osmotic pressure of the dissolved substance, ¢ the isotonic coeffici- 
ent greater than unity for dissociated substances, that is to say ¢ = @ 
gram-molecule of the substance in solution. 

From (2), (6), and (7), if &, now represent the potential of a given 
mass, ¢, of chlorine in dilute solution of hydrogen chloride, ©, that of 
a more dilute solution, we have at constant temperature, 

©, — 6, =iR6log/?, 
Pi 
where p, and p, represents the osmotic pressures of the chlorine in 
the two solutions, hence 


d®, = iROdlog.?, 
Pi 


If the molecular weight i of chlorine in the two solutions is the 
same, then, by the properties of dilute solutions, 


ae 
ny OC 


where C, and C, are the concentrations of the two solutions (c -: ). 


We have, therefore, the relation 


d® = iR6dlog.<? «ewe et ae 
1 
= df(r) 


In words the potential energy of chlorine in dilute solutions of 
hydrogen chloride is increased by a further addition of the latter gas. 
By Helmholtz’s law, any dynamical system behaves so that the 
decrease in the potential energy may be a maximum, therefore the 
solution under these conditions cannot dissolve so much chlorine. If 
otherwise, the gas is either present in a supersaturated state, that is,. 
ina state of unstable equilibrium (“ faux équilibres,” Duhen), or else 
the stipulation that the molecular weight, i, of chlorine is constant in: 
the different solutions, no longer holds. 

In stronger solutions the same solution has phases in which the 
van’t Hoff factor may be 

¢>1, *<1, ¢=1. 


From the earlier part of this paper it follows that there is a 
considerable variation in the relative values of i for chlorine in the 
different solutions of hydrogen chloride. For the curve of dissociation 
>1, and for the curve of association i”’<1. In the more dilute solu- 
tions of HC1, the relative proportion of ¢’>1 is the greater, while in 
concentrated solutions ¢’<1 is the larger. At the point of inter- 
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section of these two curves, we can say no more than that the amount 
of chlorine (8x) for which 7’>1 may be equal to the amount dy for 
which ¢<1, or 


where p is the amount of hydrogen chloride in the solution. 

It is then evident from an equation similar to (9) that if, corre- 
sponding to HCl,, :’<1, the solution will dissolve more chlorine in 
order that the potential energy may be a minimum, an inference 
which may be deduced from (1) when the system includes another 
term pdm. 

There is, however, a considerable amount of uncertainty as to what 
actually takes place in these and all other concentrated solutions. No 
further progress can be made in a quantitative way until this has been 
determined. A consistent theory for concentrated solutions is wanting. 


THE OWENS COLLEGE, 
MANCHESTER, 


XX.—On the Nature of Polyiodides and their Dissocia 
tion in Aqueous Solution. 


By H. M. Dawson, Ph.D., B.Se., late 1851 Exhibitioner. 


THE nature of the equilibrium in solutions of potassium iodide con- 
taining dissolved iodine has been the subject of frequent investigation 
and discussion. From the fact that strong solutions of potassium 
iodide, when saturated with iodine, deposit the latter almost completely 
on dilution, Dossius and Weith (Zeit. Chem., 1869, 5, 379) concluded 
that no compound exists in the solution. A similar conclusion was 
drawn by Baudrimont (Compt. rend., 1860, 51, 287), who found that 
by means of carbon disulphide the whole of the iodine could be 
abstracted from a solution of potassium iodide. 

Le Blanc and Noyes (Zeit. physikal. Chem., 1890, 6, 385) found that 
the freezing point of a solution of potassium iodide is but very slightly 
altered on the addition of iodine; on the other hand, the electrical 
conductivity of the solution was observed to be considerably smaller. 
These facts can only be satisfactorily explained by assuming that an 
additive compound is formed in the solution. By making use of the 
law regulating the distribution of a substance between two non-miscible 
solvents to determine the amount of uncombined iodide in the potassium 
iodide solution, Jakowkin (Zeit. physikal. Chem., 1894, 18, 359 ; 1896, 
20, 19) showed that for dilute solutions, the application of the law of mass 
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action to the experimental numbers gave results in agreement with the 
assumption of a dissociation equilibrium represented by the equation, 


KI + I, = KI. 


Noyes and Seidensticker (Zeit. physikal. Chem., 1898, 2'7, 357) finally 
have shown that in the limiting case where the dilute potassium iodide 
solution is saturated with iodine the amount of halogen dissolved by 
solutions of different concentration is also in complete accordance with 
the above conception of the equilibrium in solution. 

In Jakowkin’s experiments, a quantity of iodine was shaken up 
with carbon disulphide and a solution of potassium iodide of known 
strength, in a stoppered bottle at a constant temperature of 25°, until 
equilibrium was attained. From the titration of the carbon disulphide - 
layer with sodium thiosulphate, the concentration of the free uncom- 
bined iodine in the aqueous layer could be calculated, the total amount 
of iodine being obtained from the titration of the aqueous layer. 

If A denote the iodine concentration in the carbon disulphide layer, 
¢ the iodine concentration in the potassium iodide solution, and & the 
distribution coefficient of iodine for CS,—H,O, the fraction of the 
iodine uncombined is 

aw & 
ke 

If, further, v is the volume of the aqueous solution containing one 
gram-mol, of iodine as titrated by sodium thiosulphate, a the number 
of gram-mols. of potassium iodide in volume v, and if in the solution 
we have a dissociation equilibrium which can be represented by the 
equation 

KI + I, = KI, 


then, neglecting electrolytic dissociation, there will be present in 
volume v, (1 —) gram-mols. of the complex compound and (a—1 +2) 
gram-mols. of potassium iodide. Application of the law of mass 
action to the above equation leads to the equilibrium constant, 
pao (@-l+a)e 

w(l—a) ° 

Jakowkin found that the expression thus obtained for & is constant, 
provided the concentration of the iodine is not very great. 

On account of the electrolytic dissociation, the equilibrium in solution 
is, however, not quite so simple as the above equation would suggest, and 
in order to set up a strictly applicable formula this dissociation must 
be taken into account. Assuming that a compound of the formula 
KI, exists in the solution, and that this undergoes electrolytic dissoci- 
ation with the formation of I, ions, then if the I, ion is one of the 
components of the equilibrium in which the free molecular iodine 
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takes part, we may represent the equilibrium in solution by the 
following dissociation isotherms : 


(1). KI, = 
(2). KI = 
(). 224i 


Let 4, and &, denote the dissociation constants of the states of Jequi- 
librium represented by equations (1) and (2), and suppose that the 
degree of electrolytic dissociation of the triiodide and of the iodide in 
their common solution is y and z respectively. :If, further, v, a, and x 
have the signification previously assigned to them, the constant, k,’of 
the dissociation equilibrium in which, according to the above formula- 
tion, the uncombined iodine takes part is: 


wa -*#) “ 2(a—1+a)e = 


v v 
a* e-beam  - 
y W(l-") 7 


From this equation y and z might be eliminated by writing down 
the values for the dissociation constants k, and k,. Since the concen- 


trations of undissociated KI, and KI are (1-y)(1-2) and 
v 


(1 —z)(a—1+2) 
v 
y(1 - x) sh -1 +*) y(1 - ”) and so-lte +), we obtain for k, and ky 
v v 
by application of the law of mass action to the dissociation equilibria, 
the following expressions: 


x, = Yl — «)+2(a-1+2)] k, = “yt -—2)+2(a-1 +2)] 


(I-y)o 2 (1 -2)o 

The resulting expression for k would obviously only contain the 
electrolytic dissociation constants k, and k, in addition to the factors «, 
v, and a, which are determined directly by experiment. 

The ordinary method of determining the electrolytic dissociation 
constant by conductivity measurements fails, however, in the case of 
strong electrolytes. This cannot be taken as evidence or proof of the 
non-existence of such a constant in these cases, since it is a direct 
consequence of the application of the law of mass action, and the 
dissociation formule not only result from the application of mole- 
cular kinetic conceptions, but rest on the sure basis of thermodynam- 
ics. It must rather be inferred that the ratio of the molecular con- 
ductivitiesrA,/A,, does not give the true value of the degree of dissociation 


+ - _ 
, and those of the K, I,, and I ions respectively 


the 
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in the case of strong electrolytes. According to Jahn (Zeit. physikal, 
Chem., 1900, 33, 545), the reason of this is to be found in the experi- 
mental fact that in the case of strongly dissociated substances, the 
jonic mobility not only depends upon the intrinsic nature of the ions, 
but also upon the concentration of the solution, This is the case even 
for very dilute solutions, Arrhenius (Zeit. physikal. Chem., 1899, 31, 
197) attributes the increase in the value of the Ostwald constant with 
increasing concentration of the solution to the stimulating action of 
the ions themselves in promoting electrolytic dissociation, comparing 
it with the action of neutral salts in increasing the dissociation of 
weak acids, Until the anomalous behaviour of strong electrolytes is 
satisfactorily explained, the values of the dissociation constants of salts 
cannot be determined. The empirical constant of Rudolphi or van’t 
Hoff has no theoretical signification and cannot be regarded as a 
dissociation constant. 

For the compounds under consideration in this paper the values of k, 
and k, are therefore not known, and the general equation for the 
equilibrium in the haloid salt solution cannot be directly subjected to 
the test of experiment. The experimental results can, however, be 
applied in an inverse manner to enable conclusions to be drawn with 
regard to the nature of the components taking part in the equilibrium. 
If we assume that the trifodide and the iodide in their common solution 
are electrolytically dissociated to the same extent (y=z), which is 
equivalent to the assumption that the dissociation constants k, and k, 
are equal, the formula (1) for & reduces to the simpler form 

(a—1+a)x 

k ad ~ ol—-a)y . . . . ss (2) 
which is identical with the dissociation formula set up by Jakowkin 
(loc. cit.) 

ihe experiments of Jakowkin, carried out at 25°, show that for solu- 
tions up to 1/4 normal in regard to potassium iodide and to 1/10 normal 
with respect to iodine, the values of & calculated from equation (2) are 
very constant. In order to confirm these results and so justify any 
conclusions drawn from them and further to determine the influence of 
temperature on the dissociation, a series of experiments was carried out 
similar to those of Jakowkin but at a different temperature. The 
temperature chosen was 13°5°, the lowest which could be conveniently 
maintained in the laboratory for considerable periods of time, For 
the calculation of the degree of dissociation of the polyhaloid compound, 
it was necessary to know the distribution ratio of iodine between 
carbon disulphide and water at 13°5°. Three experiments were 
carried out at 15° (the ratio at this temperature being required for 
ancther investigation) the values obtained being 616°8, 619-6, and 
6240, mean=620. The value obtained by Jakowkin at 25° for the 
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smaller concentrations of iodine, such as were used in my experiments, 
was 585. By extrapolation, the value of the distribution ratio at 13-5° 
obtained is 625. The distribution coefficient varies considerably therefore 
with the temperature, decreasing by about 0°6 per cent. for a rise of 1°, 
The experiments to confirm the validity of equation (2) were carried 
out as follows. About 30 c.c, each of carbon disulphide and of potassium 
iodide solution of known strength were introduced into a stoppered 
cylindrical separator, a weighed quantity of iodine added, and after 
shaking for five minutes and allowing to stand at 13°5° until the two 
layers had completely separated, the concentration of the iodine in 
each was determined. The small changes resulting from the mutual 
solubility of the two media, and the small influence of the presence 
of dissolved salt in the aqueous phase on the value of the distribution 
coefficient of the iodine, could be neglected. The following tables 
contain the experimental data and the calculated values of & from 
equation (2): ¢ is the iodine concentration in the aqueous solution, A 
that in the carbon disulphide ; 2 the fraction of uncombined iodine in 
the aqueous solution =A/625c, v the volume of the aqueous solution 
containing 1 gram of iodine and a the molecular ratio KI/T,. 


¢. A x @ k 
| 
1/8 N potassium iodide : 
1°255 6°627 0°008449 202°1 25°27 0°001021 
2°283 12°69 0°008893 111°1 13°89 0°001042 
4°425 25°58 0:009249 57°33 7°166 0001006 
7°185 48°10 0°01071 35°31 4°414 0°00105 


1/4 N potassium iodide : 


1°229 3°205 0°004173 206°4 51°60 0001027 
2°154 5°751 0°004272 117°8 29°45 0001037 
4°231 11°39 0°004306 59°96 14°99 000101 
4°313 11°63 0°004315 58°82 14°70 0°00101 
6°469 18°31 0°004529 39°22 9°805 07001021 
8°898 25°89 0°004655 28°51 7°128 0°001005 
12°66 39°68 0°005015 20°04 5°01 0°001008 


N potassium iodide : 


5°731 3°657 0°001020 44°27 44°27 00009984 
11°10 7°062 0°001018 22°86 22°86 00009744 
19°14 12°68 0°00106 13°26 13°26 0°0009811 
54°63 35°94 0°001052 4°644 4°644 0°000827 


ee 
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The value of kas calculated from equation (2) is constant provided 
the concentration of the halogen is not too great, although there 
appears to be a slight gradual decrease as the concentration of the 
potassium iodide increases, which can probably be explained by the 
influence of the dissolved salt on the value of the distribution co- 
eficient, which has been assumed to be constant. The mean value of 
the constant (0°001015) is, however, much smaller than that determined 
by Jakowkin at 25°, namely, 0°00138. That this difference is merely 
due to the difference of temperature is shown by the result of two 
experiments made with 1/8 normal potassium iodide at 25°, the values 
of & obtained being 0°001361 and 0°001351, which agree with the 
constant determined by this author. Even with 1/160 normal potass- 
ium iodide solutions, & at 25° retains the same value as at the higher 
concentrations. 

The following numbers show the influence of temperature on the 
degree of chemical dissociation of the polyhaloid compound, the per- 
centage of uncombined iodine at the concentrations given in the 
table having been interpolated from curves representing the experi- 


mental data : 
Degree of dissociation 
of the polyiodide at 


Concentration of iodine. 13°5° 25° 
1/4N potassium iodide ;3, molecular. 0°439 per cent. 0°575 per cent, 
9 % er ” 0-452 =i, 0592 =a, 
” - ais - 0481 pa 0628 _ Si, 
1/8N ” ” Tos ” 
” ” Br ” 0-905 ” 1 16 ” 
” ” gis ” 0°97 ” 1°25 ” 
1:14 ” 1°44 


The dissociation of the polyhaloid compound obviously increases with 
tise of temperature, the relative increase for a rise of temperature from 
13'5° to 25° being in each of the above cases about 25 per cent. 

From the fact that the simplified equation (2), represents the ex- 
perimental results within the above limits in such a satisfactory 
Manner, it may be concluded that the assumption made in the de- 
duction of this equation from the general one is justifiable. In 
accordance with this assumption, namely, that the degree of electro- 
lytic dissociation of iodide and triiodide in the solution containing 
both is the same, potassium triiodide must be considered as a salt 
the electrolytic dissociation constant of which is the same as that of 
potassium iodide ; its character is therefore that of a normal salt of 
Potassium. It should be noted that equation (1), would also represent 
the experimental results with the same amount of exactitude if 
instead of y/z=1, we assumed y/z=k' any constant, but such a 
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relationship between the degrees of dissociation of electrolytically 
dissociating compounds for varying relative and absolute concentra- 
tions is not known. 

The result thus arrived at regarding the nature of potassium tri- 
iodide is perhaps what might have been expected, if the latter be 
regarded as a substance having the character of a true salt correspond- 
ing to an acid of the formula HI,. The case of the corresponding 
acid is, however, quite different. A priori, it is impossible to say 
whether this acid belongs to the weak acids, to the half electrolytes, 
or the strong acids. For the equilibrium in a solution of hydriodic 
acid containing iodine, dissociation isotherms can, however, be written 
down analogous to those employed in the case of the potassium iodide 
solution, and the application of the law of mass action leads as be- 

ae 2 (a—-1l+zx)x ot 
fore to the equilibrium constant k= 1-2) =a) for the reaction in 
which the free molecular iodine is supposed to take part, y being the 
degree of electrolytic dissociation of HI, and z that of the HI in the 
same solution. 

If the two halogen acids are not of the same order of magnitude in 
respect of their chemical affinities, the ratio z/y will vary very con- 
siderably with varying concentration of the solution and with the 
relative masses of the two compounds. If, as before, however, we 
assume that the electrolytic dissociation constants of HI, and of HI 
are equal, then y=z, and the equation reduces to the simpler form 
represented by equation (2). 

A series of iodine distribution experiments similar to those pre- 
viously described, was carried out with solutions of hydriodic acid. 
The results are contained in the table on page 245, the numbers in the 
several columns corresponding to those in the previous table for solu- 
tions of potassium iodide. 

As was found by Jakowkin at 25°, the value of & calculated from 
the simple equation remains constant within the limits of experi- 
mental error for all the concentrations investigated. In agreement 
with his results also, the equilibrium constant for the acid solution is 
somewhat less than that for the salt solution, the numbers at 13°5° 
being 000098 and 0:001015 and at 25° 0°00134 and 0:00138 
respectively. 

The constancy of & shows that the assumption made in the deduction 
of the simple formula is justified. The electrolytic dissociation con- 
stant of HI, is therefore of the same order of magnitude as that of 
hydriodic acid ; in other words, the compound HI, belongs to the 
group of strong acids, and in aqueous solution at moderate dilutions 
is (apart from the chemical dissociation) almost completely dissociated 


oo - 
into its ions H and I,. 
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: 
} J 
. 9 pai tee, 
A, #. v. a. (l-2)o 
a o ws | Basi,» 
1/3 N hydriodic acid : 
0730 | 3662 0-008026 347°6 | 43°45 00009888 
2°260 11°66 0008254 1122 | 14-02 0-0009658 
2°987 16°14 0008646 84°94 | 10°62 0-0009878 
5001 28°84 0-009227 50°73 | 6°341 9-0009830 
7°615 48°21 901013 33°32 | 4°165 0°0009754 
1/16 N hydriodic acid : 
06246 | 8128 001609 394°8 | 2468 | 0-0009812 
2046 =| 22°11 0°01729 124°0 7°75 0°0009602 
1/32 NW hydriodic acid: 
0°5815 11°74 0°0323 436-2 | 13°63 0-000969 
0°864 18°32 0703394 | 2986 | 9-175 0-0009822 


According to the theory of Abegg and Bodlinder (Zeit. anorg. 
Chem., 1899, 20, 453), every complex ion may be supposed to consist 
of a simple ion combined with a neutral component. As a result of 
this formation of a complex ion, the electro-affinity—that is, the 
afinity of the atom or atomic group for the electric charge—of the 
ion is increased. The greatest tendency towards the formation of 
such complex ions by addition of a neutral group of atoms is exhibited 
by weak ions, that is, those of small electro-affinity. In the case of 


the complex ion Iy, the neutral component I, has the same chemical 

composition as the simple ion I, analogous to which we have the 
++ 

complex divalent mercurous ion Hg,, which results from the mercuric 


++ 
io Hg by addition of a neutral atom of mercury. In the case of 
weak ions, the formation of complex ions has an enormous effect in 


increasing the electro-affinity, compare the S ion with the SO, ion, 
but in the case of strong ions which, as a rule, have a much smaller 
tendency to form complex ions, the increase is relatively small, com- 


pare the Cl, ClO,, and Clo, ions. The electro-affinity of the latter ions 


is not very different. The iodine ion I is already a strongly electro- 
hegative ion, and the formation of a complex ion by the addition of a 
molecule of iodine would not be expected to produce any remarkable 
increase in the electronegative character. The result obtained above 
regarding the relative degrees of dissociation of hydrogen iodide and 
hydrogen triiodide is in harmony with this conclusion. 
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With regard to the velocity of migration of the complex ion [, 
under the influence of a difference of potential, some light may be 
obtained from the measurements of Le Blanc and Noyes ((oe. cit.) of 
the conductivity of potassium iodide solutions containing iodine. 

The following numbers are taken from their paper, v denoting the 
volume in litres containing one gram-molecule of KI, the molecular 
conductivities having been multiplied by 107 : 


Percentage diminution7of 


v. My (KI). pw’, (KI + 4/101) wv’, compared with p,. 
2 112-7 101°6 9°9 
8 121°1 110°4 8°8 
32 128°2 117°0 8°7 
54 130°7 121°5 7:0 
128 133°2 125°4 58 
256 135°4 128°9 48 


At all the concentrations investigated, the molecular conductivity 
is considerably diminished on the addition of iodine. The migration 
velocity of the complex ion would appear to be smaller than that of 
the simple ion. This diminution of the velocity of the ion with 
increasing complexity is in accordance with the regularities observed 
regarding the dependence of the velocities of organic acid ions on 
the number of the atoms contained in them when this number does 
not exceed a certain limit represented by about twelve atoms. 

In connection with the views brought forward in this paper, some 
older observations of Johnson (this Journ., 1877, 31, 249) regarding 
the nature of potassium triiodide are of interest. By slow evaporation 
of a potassium iodide solution containing dissolved iodine over sul- 
phuric acid, he found that lustrous, dark blue prismatic crystals were 
deposited which had the composition required by the formula K1I,. 
The specific gravity of these crystals was found to be 3°498, from 
which the atomic volume of the triiodide =120°1. Now the atomic 
volume of potassium + three times the atomic volume of iodine 
= 122-2, whereas the atomic volume of potassium iodide + twice the 
atomic volume of iodine =105°6, “so that it appears that the tri- 
iodide of potassium does not consist of a molecule of potassium iodide 
united with a molecule of iodine, but of an atom of potassium united 
with three atoms of iodine without condensation.” 

The existence of a large series of polyhalogen compounds of cxsium 
and rubidium, in which the metals appear to be ter- and quinque- 
valent, has been shown in recent years by Wells (Zeit. anorg. Chem., 
1892, 1, 85) and Wheeler (Zeit. anorg. Chem., 1892, 1, 442 ; 2, 255), 
and by Erdmann. Without entering into the merits of the dis- 
tinction, the admission, by a large number of chemists, of the possi- 
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bility of differentiation between so-called ‘molecular’ and ‘atomic’ 
compounds, forces upon us the question as to whether these polyhaloid 
derivatives of cesium and rubidium belong to the first or to the 
second class. If the analogy between these compounds and the less 
stable potassium triiodide and the evidence in favour of the latter 
being an ‘atomic’ compound be considered, then there are grounds 
for the conclusion that at any rate the trihaloid derivatives of 
cesium and rubidium are also ‘atomic’ as opposed to ‘ molecular’ 
compounds. 


THE YORKSHIRE COLLEGE, 
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XXI1.—The Decomposition of Chlorates. Part III. 
Calcium Chlorate and Silver Chlorate. 


By Wituram H. Sopgav, B.Sc. 


PurE calcium sulphate, silver sulphate, and barium chlorate were 
prepared,and by carefully balancing the barium salt with the sulphates, 
pure calcium and silver chlorates were respectively obtained ; these 
chlorates were subsequently recrystallised. When employing silver 
sulphate the barium chlorate should be added little by little, never 
exceeding the amount required to precipitate the sulphate already in 
solution, as an excess practically stops the reaction. 


Calcium Chlorate. 


By heating at 160—165°, the crystals of the dihydrate Ca(ClO,),,2H,O 
were slowly rendered anhydrous. The product, which was very 
deliquescent, contained only a faint trace of chloride and was neutral 
to methyl-orange; unlike commercial specimens, it was free from 
magnesium. Potilitzin (compare Abstr., 1892, 62, 1275) has studied 
the decomposition under atmospheric pressure with reference to the 
formation of a small proportion of perchlorate and the relation of 
temperature to rate of decomposition. 

Examination of the Decomposition Products.—The solid residue from 
the partial decomposition of 1 gram of chlorate was dissolved in 
water with the addition of a little methyl-orange, some 1/50 nitric 
acid was then added, and the slight excess titrated back with W/50 
soda. The amount of calcium oxide or of liberated chlorine having 
been thus ascertained, the neutral liquid was diluted to 50 c.c., and 
the calcium chloride determined by titrating two 10 c.c. portions with 

s 2 
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1/10 silver nitrate, using potassium chromate as an indicator. To 
test for peroxide, 20 c.c. were treated with 0-2 c.c. of W/100 perman- 
ganate and a little V/50 nitric acid ; the pink colour was not dis- 
charged even after standing for some minutes, and titration with V/100 
thiosulphate, after adding potassium iodide and starch, indicated no 
appreciable reduction of the 02 c.c. of permanganate. Had the whole 
of the oxide been present as CaO,, 1:0 to 7:3 c.c. would have been 
bleached. The oxide present in the residue must, therefore, be CaQ 
(probably as oxychloride), but it may be formed by reduction of the 
peroxide, as calcium chlorate tends to be converted into perchlorate. 

The numerical results stated in Table I (p. 249), were calculated from 
the analyses of the residues, but accidental errors were guarded against 
by observing the loss of weight, volume of oxygen, and (in decom- 
positions conducted under atmospheric pressure) the amount of iodine 
liberated from potassium iodide. The potassium iodide did not become 
alkaline, hence the gas contained no appreciable amount of ozone or of 
oxides of chlorine. 

As in previous papers, the chlorine has been stated per 100 parts 
contained in the weight of chlorate actually decomposed. 

Decomposition under varied Conditions.—The chlorate in portions of 
1 gram was decomposed in bulbs of 30 mm. diam. blown at the end of 
soda glass tubes of 8 mm. bore (placed in a bath of fusible metal to- 
gether with a thermometer) ; in other respects, these experiments were 
conducted in the same manner as the decompositions of lead chlorate 
(Trans., 1900, '7'7, 718). 

Calcium chlorate undergoes fusion at the beginning of the decom- 
position, and its great tendency to spirt has rendered it uncertain 
whether reduction of pressure affects the rate of decomposition. A 
slight retardation observed on reducing the pressure to 4 mm. in ex- 
periments 155 and 156 is probably explicable by the fact that the 
average temperature as well as the pressure must have been reduced, 
for under 4 mm. the greater part of the chlorate left the lower half of 
the bulb and a portion formed a broad ring in the 8 mm. tube. 

In the slow decompositions, the temperature of the bath was about 
295—320° during the greater part of the time, being slowly raised in 
order to render the rate fairly uniform. 

In experiments 157 and 160 the average amount of chloride present 
during the decomposition was more than double that in experiments 
155a and 156a, yet rather less free chlorine was obtained in the two 
former experiments ; this appears to show that no appreciable amount 
of chlorine was displaced from previously formed chloride, for otherwise 
the proportion should have been much greater in experiments 157 and 
160. 

Experiments 1554 and 1566 were similar to 157 and 160, except as 
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regards pressure ; their mean gives 0°58 per cent. of free chlorine at atmo- 
spheric pressure as compared with 0°54 per cent. under 4 mm. pressure. 
Since reduction of pressure caused no increase of free chlorine, there 
was no appreciable action between chlorine and calcium oxide, for 
this would have varied with the concentration (or pressure) of the gas. 

In experiments 154 and 158 the greater part of the decomposition 


TaBLE I.—Calciwm chlorate. 


| | 
, Chlorine (total in | 
decomposed portion 
No, | Duration Nee sare Pressure isi ct 
(minutes). (per cent. ).| . _ Mols. oxide. 
— 
Free. | chloride. | 
ie | | 
154 | About 0°1 95°9 1 atmosphere 2°35 97°65 41°5 
158 99 94°1 - 2°02 97°98 48°4 
159 (#) 78°5 99 1°52 98°50 65 
155a, 120 31°8 4mm. 0°90 99-10 110 
156a 140 28°3 és 0°95 99°05 104 
157 105 63°2 4mm. 0°56 99°44 179 
160 100 67°7 »» | 0°52 99°48 191 
155d 120 76°0 1 atmosphere | 0°51 99°49 197 
1560 140 80°5 a | 0°66 99°34 151 


The ‘‘ proportion decomposed” under 4 mm. pressure would doubtless be much 
higher if ascertained for the portion remaining at the bottom of the bulb. 


took place in a few seconds, the thermometer bulb being then at about 

355° ; rapid decomposition greatly increased the proportion of free 
chlorine, the mean being 2°2 per cent. as compared with 0°58 in slow de- 
composition. Experiment 159 gave a lower result because the bath was 
heated too slowly and a fair amount of the chlorate decomposed before 

the rush occurred. 

The further significance of these results is discussed in the last sec- 
tion of the paper. 


Silver Chlorate. ° 


This chlorate is anhydrous and sparingly soluble. After drying at 
100° it dissolves in water to a practically clear solution neutral to 
methyl-orange. When the salt is wrapped in paper, a tap with a 
hammer readily produces an explosion, but on a clean anvil I have not 
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been able to explode it by a blow. If rapidly heated in a glass tube, it 
explodes with a yellow flash and sharp report when the thermometer in 
the bath has reached a temperature of about 345°, the increase in the rate 
of decomposition giving very little warning of the approach of the 
explosion. Analyses of the solid residues resulting from three such 
experiments showed that the proportions of free chlorine were respec- 
tively 5:1, 8°7, and 6:2 per 100 parts of chlorine present in the sub- 
stance. Some metallic silver was formed, probably because the 
temperature rose beyond that at which silver oxide ceases to be even 
moderately stable. 

Silver chlorate undergoes slow decomposition at about the same 
temperature as calcium chlorate and with far more difficulty than lead 
chlorate (Joc. cit.), yet the violence of its decomposition when rapidly 
heated is much greater than is the case with either of these 
chlorates. 

Stow Decomposition under Varied Conditions.—The mode of working 
resembled that adopted in the case of calcium chlorate (p. 247) except 
that plain tubes of 18 mm. bore, sealed at one end, were substituted 
for bulb tubes. By employing potassium iodide solution, the gas was 
shown to be free from ozone and oxides of chlorine, as in the case 
of other chlorates. The solid residue was completely soluble in 
ammonia and hence contained no appreciable amount of metallic 
silver, although, for example, a tenth of the residue consisted of silver 
oxide. Each residue was thoroughly disintegrated in 1/10 nitric 
acid ; after standing for twenty-four hours methyl-orange was added 
and the excess of acid titrated with V/50 soda; the difference gave 
the amount of oxide in the residue and hence the amount of chlorine 
remaining free. The residual silver chloride * was weighed in order to 
determine the “ chlorine as chloride,” and the filtrate titrated with V/10 
sodium chloride as a check upon the other results. The “ proportion 
decomposed” was calculated from the sum of oxide and chloride. 

Variation of pressure did not markedly affect the rate of decom- 
position, but it will be seen from Table II. (p. 251) that, as in the 
case of lead chlorate (loc. cit.) each decrease of pressure caused an 
increase in the amount of chlorine remaining free. There was, 
therefere, considerable secondary action between the chlorine and the 
silver oxide, this being lessened on diminishing the concentration (that 
is, pressure) of the gas. The residues obtained under atmospheric 
pressure were practically white, whilst those formed under reduced 
pressure were dark brown, owing to the large proportion of oxide. 

In experiment 168 there was a second tube in which the chlorate was 


* When this was dissolved in ammonia and reprecipitated with nitric acid no 
silver remained in solution, hence the whole of the silver oxide had been dissolved 
by the standard acid. 
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decomposed under atmospheric pressure whilst a current of dry air 
was led to the bottom of the tube and up through the substance; the 
volume of air was nearly fifty times that of the gas evolved, and the pro- 
portion of free chlorine was 2°3 percent.—about ten times that ordinarily 
obtained under atmospheric pressure but only about a third of that 
found under 20 mm. pressure. The silver chlorate fused and remained 
fairly liquid until near the stage at which these decompositions were 
stopped ; this will explain the relative inefficiency of the air current, 


the gas in many of the bubbles doubtless escaping dilution. In experi- 
TaBLeE I1.—Sitlver chlorate. 
| Chlorine (total in 
Proportion ea ry = 
Duration ws ‘ chloride. 
No. (minutes). leaky Pressure. a eee Equivs. 
P ; aia oxide. 
Free chloride. 
oo. ic si | 
1616 90 78°5 1 atmosphere 0°15* 99°85 670* 
163) 70 71°8 - 0°14* 99°86 690* 
1650) 130 50°0 99 0°24* | 99°76 420* 
166%) 140 63°7 ” 0°25* | 99°75 400* 
lita | ‘i 
1éla} 90 88°5  jabout 20mm. 7°76 92°24 11°9 
163a 70 87°8 20 mm. 6°75 93°25 13°8 
172 110 73°2 wos 16°8 83°2 4°96 
167 120 69°6 S Js 18°4 81°6 4°44 
165a| 130 72°4 32 ,, 19°1 80°9 4°24 
168 110 60°4 - 21°1 78°9 3°74 
166a} 140 68°4 24 ;, 22°6 77°4 3°42 
164 (Explosion). 1 atmosphere 5:1 94°9 18°5 
169 “a i" 8°7 91°3 10°4 
170 a i. 6-2 93°8 15°1 
| 


* Inthe numbers marked with an asterisk, only the first figure is really significant. 


ments 167 and 172 there were comparison tubes each containing 1 gram 
of silver chlorate together with half a molecular proportion of well 
washed dry silver chloride, this addition more than doubling the average 
amount of chloride present. The chloride had no marked influence 
upon the rate of decomposition, but slightly more chlorine remained 
free, the (total) amounts being 20°9 per cent. at 4 mm., and 18°1 per cent. 
at 6mm. As silver chloride appears to dissolve in the fused chlorate, 
the increase, which was about the same as that caused by lowering. 
the pressure to the extent of 1 mm., is sufficiently accounted for by 
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the decrease in reabsorption brought about by the dilution of the 
silver oxide. The conclusion is therefore drawn that silver chloride is 
practically unaffected by decomposing silver chlorate and hence that 
no appreciable proportion of the free chlorine accompanying the 
oxygen has been displaced from previously formed chloride. 

Duration and average temperature of decomposition did not vary to 
any very great extent in the series of experiments at present under con- 
sideration, and increase of duration was necessarily coupled with decrease 
of temperature, so that such variations as occurred tended to compensate 
for each other as regards the secondary action between chlorine and 
silver oxide, hence this action was mainly a function of the pressure 
of the gas. Plotting the observed pressures (ranging from 2°5 to 760 
mm.) as ordinates and taking as abscisse the number of equivalents 
of silver chloride to one equivalent of oxide (Table II., last column), it 
was noticed that all points lay close to a straight line, as might have 
been expected from theoretical considerations. On producing this line, 
it was found to cut the axes in the points (1‘8, 0 mm.) and (0, —3 mm.) 
respectively. It thus appears that if a perfect vacuum could be main- 
tained above the liquid, the observed ratio of chloride to oxide 
would be 1°8: 1, or in other words 36 per cent. of the total chlorine 
would be obtained in the free state.* 

To eliminate reabsorption, it is, however, necessary to put the average 
pressure in the bubbles equal to zero. Under reduced pressure, the 
bubbles are large at the surface, hence their (unknown) average internal 
pressure caused by surface tension cannot be great. The pressure 
axis is cut at —3 mm., hence the supposition that the chlorate first of 
all decomposes entirely into oxide, chlorine, and oxygen requires that 
the average internal presure should be 3 mm. 


Summary of Results. 


Considerations resembling those given in Parts I. and II. (Trans., 
1900, '77, 137, 717) will apply to calcium and silver chlorates. It 
follows that during the slow decomposition of the chlorates of 
(potassium +), barium, calcium, lead, and silver, the whole of the free 
chlorine is produced directly, that is, it is not displaced from previously 
formed chloride, and the primary cause of the production of oxygen and 
chlorine is the occurrence of two simultaneous and independent 
reactions which may be represented by the equations 2M(CI1O,),= 
2MCl, +60, and 2M(C10,),=2M0+2Cl,+50,+ where M is written 
for Ca, Ag,, &c. 

* This mode of elimination could not be employed with lead chlorate, as decrease 
of pressure necessitated a considerable increase of temperature. 


+ Chlorine vanishingly small. 
$ Lead chlorate yields PbO, instead of PbO. 
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With calcium chlorate, the “chloride” decomposition proceeds at 
about 180 times the rate of the “oxide ’’ decomposition, and the free 
chlorine has no appreciable action on the oxide or oxychloride ; this 
chlorate resembles barium chlorate (/oc. cit., p. 138), the main differ- 
ence being that the calcium salt yields much more free chlorine. 
In the case of silver chlorate, the velocity of the “chloride” is less 
than 1°8 times that of the “ oxide” decomposition (hence more than 36 
per cent. of the total chlorine is first liberated), but simultaneously the 
reaction Ag,O + Cl, = 2AgC1+0O proceeds to an extent determined by 
the conditions, all but about 0°2 per cent. of the total chlorine recom- 
bining under atmospheric pressure. The latter results resemble those 
obtained with lead chlorate (Joc. cit., p. 717), but are more striking 
although less complete. As silver chlorate resembles the barium and 
calcium salts in fusing during decomposition, the proof of the absence 
of any recombination of chlorine during the decomposition of the two 
latter chlorates is supported by the behaviour of this chlorate in a 
more satisfactory manner than by the results obtained with (non- 
fusing) lead chlorate. The “chloride” decomposition evolves much 
heat, whilst it is practically certain that the “oxide ’’ decomposition 
is an endothermic reaction, and hence might be expected to gain upon 
the “‘chloride’”’ decomposition when the temperature is greatly raised, 
as in violent decomposition. This will account for a much larger pro- 
portion of free chlorine being obtained when calcium chlorate is 
rapidly decomposed ; in the case of silver chlorate, the increase may 
partly depend also upon the alteration in the conditions under which 
the chlorine acts upon the silver oxide. 


*. 
Lead chlorate and silver chlorate yield large quantities of oxide 


on decomposition, although in either case the oxide has a low heat 
of formation, and is rapidly attacked by the chlorine simultaneously 
produced ; this accords well with the accepted view of the structure 
of the chlorate molecule, namely, that the metal is joined directly to 
oxygen. The decomposition of the chlorates of calcium, barium, and 
potassium has, however, been shown to consist almost entirely (and 
that of lead chlorate to the extent of about 12 per cent.) of the direct 
production of chloride and oxygen without the intermediate formation 
of oxide. This would appear to show either that these chlorates are 
transformed at high temperatures into isomerides in which the metal 
is directly attached to chlorine, or else that the main decomposition 
is a reaction taking place between two molecules, the chlorine of one 
uniting with the metal of the other. 
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XXII.—The Action of Ethylene Dibromide on Xylidine 
and w-Cumidine. 


By Atrrep SENIER and WILLIAM GoopwIN. 


Amone the reactions announced by Hofmann in his classical researches 
on amines is that between ethylene dibromide and aniline whereby 
important bases are formed each of which has been fruitful as leading 
to subsequent discovery. Of these, two are especially notable, namely, 
diphenylethylenediamine and diphenyldiethylenediamine, The latter 
is now called diphenylpiperazine, a name suggested by Merz and 
Mason (Ber., 1887, 20, 267), which shows in a happy manner its 
relation to other heterohexacyclic compounds. The following experi- 
ments were undertaken with the object of applying this reaction to 
the production of the related xylyl and cumy! bases, and of obtaining 
from them derivatives homologous with those which Mills has de- 
scribed (Trans., 1900, '7'7, 1020). We have also endeavoured to extend 
this reaction with the view of preparing methylenediamine derivatives 
and have succeeded in obtaining a series of well crystallisable methy]- 
ene compounds. The study of these as well as their behaviour with 
phenylcarbimide we propose to continue. 


Dixylylethylenediamine, C,H ,(NH*C,H,Me,),. 


Pure xylidine of commerce (b. p. 212°) which consists chiefly of 
the unsymmetrical meta-isomeride was employed. Four mols. of the 
base were brought together with 1 mol. of ethylene dibromide in 
presence of sufficient sodium carbonate to neutralise the hydrogen 
bromide set free. In order to moderate the reaction, the base was 
mixed with the sodium carbonate in a flask fitted with a reflux con- 
denser and the ethylene dibromide gradually added through the latter. 
The reaction was completed by heating in an oil-bath for three hours 
at 145—150°; the mass being frequently shaken. The contents of the 
flask were shaken into cold water, which removed the sodium salts and 
left a soft, resinous mass. This was washed with cold rectified spirit 
and afterwards extracted with the hot solvent. From this solution 
on cooling, white feathery crystals separated; after recrystallising 
three times from absolute alcohol they melted at 74—75°. On 
analysis : 

0:2094 gave 0°6186 CO, and 0°1710 H,O. C=80°56; H=9-06. 

C,,H,,N, requires C= 80°59 ; H =8-95 per cent. 


Dixylylethylenediamine nitrate, C,H,(NH°C,H,Me,),,2HNO,, was 
prepared by adding dilute nitric acid to an alcoholic solution of the 
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base. Rise of temperature was prevented by surrounding the vessel 
containing the solution with cold water. On standing, small colour- 
less needles were deposited which, after washing with water, melted 
at 165°. These were recrystallised from dilute alcohol and then 
melted at 166°. On analysis: 


0'3982 gave 47°6 c.c. moist nitrogen at 13° and 747°55 mm. N=13°91. 
C,,H,,N.,2HNO, requires N = 14°21 per cent. 


Diaylylethylenediamine Platinichloride, C,H,(NH*C,H,Me,),,H,PtCl,, 
separates as bright yellow, glistening crystals when a solution of 
platinic chloride in alcohol is added to an alcoholic solution of the base. 
The salt was dried at 130°, and, on analysis: 


00542 gave 0°0157 Pt. Pt=28°96. 
C,,H,,N,,H,PtCl, requires Pt = 28°79 per cent. 


Diauylylethylenediamine Mercurichloride, C,H,(NH*C,H,Me,),,HgCl,, 
is deposited as pale yellow, well-formed crystals by allowing a mixture 
of alcoholic solutions of the base and mercuric chloride, in molecular 
proportion, to stand for 24 hours ; it may be recrystallised from dilute 
alcohol. The melting point is not definite, but is reached at about 118°. 
On analysis, 34:3 per cent. of Hg was obtained, whilst the formula re- 
quires 37°1 per cent. There can be no doubt, however, that the 
formula given is the correct one, for it is very difficult to obtain these 
mercurichlorides without admixture of either mercuric chloride or the 
base. 

Tetranitrodiaylylethylenediamine, OC,H,[NH-C,H(NO,),Me,]., was 
obtained by treating a solution of the base in glacial acetic acid with 
an excess of concentrated nitric acid. On warming, a brisk reaction 
commenced, which, for its completion, required the application of heat. 
Pale yellow crystals made their appearanve, increasing in quantity as 
the liquid cooled. The crystals were collected and washed, first with 
acetic acid and then with water. After drying, they melted at 220°. 
On analysis : 


03542 gave 57:2 c.c. moist nitrogen at 12°and 752 mm. N=18-98. 
C,,H,O,N, requires N = 18°75 per cent. 


After the separation of the tetranitro-derivative, the solution, on 
addition of water, deposited a small quantity of an orange-red, semi- 
plastic mass, which became crystalline and melted at 52—53°. There 
was not sufficient of the substance to enable a further study to be 
made of it, but from the analogous experience of Mills (Trans., 1900, 
77, 1021), in the case of ethylenediphenyldiamine there can be no 
doubt that this compound is an isomeric tetranitro-derivative. 

An attempt was next made to prepare a dinitro-derivative. In the 


256 SENIER AND GOODWIN: THE ACTION OF ETHYLENE 


first experiment, the base was dissolved in cold concentrated nitric 
acid, and when the reaction was complete the resulting liquid was 
thrown into cold water. An orange powder was precipitated, which 
melted sharply at 191—192°. On analysis : 


0°1723 gave 26°6 c.c. moist nitrogen at 16° and 750mm. N=17°'9, 
C,,H,,0,N, requires N = 17°37 per cent. 


This substance, therefore, may be a trinttrodiaylylethylenediamine. 

In a second experiment, an alcoholic solution of the base was heated 
to boiling with concentrated nitric acid. The solution was thrown 
into an excess of water, when brownish-yellow crystals separated 
which melted at 152—154°. On analysis: 


0°1598 gave 18:3 c.c. moist nitrogen at 13° and 767 mm. N=13-43. 
C,,H,.O,N, requires N = 13°41 per cent. 


The dinitro-compound sought was not obtained, as the derivative 
just described has a composition corresponding to that of a mononitro- 
dixylylethylenediamine, C,H,Me,*NH-C,H,-NH-C,H,Me,°NO,, 


Dixylylpiperazine, CgH,Me,*N-(C,H,),-N*C,;H,Me,. 


This base was produced by using no alkali, but a larger proportion 
of ethylene dibromide, than in the preparation of the diamine. The 
reaction is more violent, and it is necessary to add the dibromide care- 
fully in small quantities. Gentle warming is required to start the 
reaction, which is completed by heating for 2 hours in an oil-bath at 
150°. The piperazine, after repeated recrystallisation from absolute 
alcohol, was obtained in shining, white leaflets which melted at 151°. 
On analysis : 


02374 gave 0°7113 CO, and 0°1997 H,O. C=81-72; H=9:34. 
0:2802 ,, 08401 CO, ,, 02335 H,O. C=81-77; H=9-25. 
C.H.,N, requires C= 81°63 ; H =8-84 per cent. 


Di-w-cumylethylenediamine, C,H,(NH*C,H,Me,),. 


The y-cumidine employed melted at 67°. The proportion of 
base to ethylene dibromide, and the method followed generally, were 
the same as described for the homologous xylyl compound, save 
that the recrystallisation was effected from benzene. A variation 
of this method, in which no sodium carbonate was used, but the mass, 
after washing with rectified spirit, was treated with potassium hydr- 
oxide solution before recrystallisation from benzene, gave a good yield. 
The diamine recrystallised twice from benzene was obtained in the 
form of brilliant, colourless needles melting at 168°. These dissolve 
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readily in benzene, but only slightly in hot alcohol or ether. On 
analysis : 


0'2550 gave 0°7556 CO, and 0°2190 H,O. C=80°81; H=9°52. 
C,,H.,N, requires C= 81:08 ; H= 9-45 per cent. 


Di-p-cumylethylenediamine Nitrate, C,H,(NH-C,H,Me,),,2HNO,, 
was obtained in the same manner as described above for the corre- 
sponding xylyl salt. It consists of colourless needles melting at 154°. 
On analysis : 


0'2074 gave 22:4 c.c. moist nitrogen at 17° and 755mm. N=12°5. 
C,9H,,0,N, requires N = 13-2 per cent. 
Di-p-cumylethylenediamine Platinichloride, 
C,H,(NH-C,H,Me,),,H,PtCl,, 
was prepared as in the case of the corresponding xylyl compound, and 
precipitated as a buff-coloured powder. On analysis : 


03451 gave 0°0939 Pt. Pt=27°49. 
C,,H.,No,H,PtCl, requires Pt = 27°64 per cent. 


Di--cumylethylenediamine Mercurichloride, 
C,H,(NH-C,H,Me,),,HgCl.,, 

corresponds in method of preparation to its xylyl homologue. The 
crystals were a little darker in colour and melted at 150°. The analysis 
also gave a lower percentage of mercury than that calculated from the 
formula. Found Hg =33'2 ; required Hg =35°2 per cent. 

Dinitrodi-p-cumylethylenediamine, C,H,(NH-C,;HMe,*NO,),.—It is 
remarkable that, working in exactly the same manner as for the 
preparation of the tetranitrodixylylethylenediamine, we obtained with 
the cumy] base, not a tetranitro-, but a dinitro-derivative. The product 
melted at 97—98°, and was precipitated as a pale yellow powder. On 
analysis : 


0'1694 gave 20°5 c.c. moist nitrogen at 16° and 753°5 mm. N=14°0. 
C,)H,,0,N, requires N = 14°5 per cent. 


An isomeride obtained by dissolving the base in concentrated nitric 
acid with application of heat, gave, on throwing the liquid into water, 
compound melting at 49—50°. On analysis: 


02069 gave 26 c.c. moist nitrogen at 18° and 769°6mm. N=14°43. 
C,,H,,0,N, requires N = 14°5 per cent. 


Di--cumylpiperazine, C,H,Me,*N:(C,H,).:N*C,H,Meg. 


y-Cumidine (2 mols.) was mixed with ethylene dibromide (1 
mol.), and heated in a closed tube at 200° for 3 hours. The 
contents were treated with boiling water and the residue dissolved in 
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hot rectified spirit ; from the solution, on cooling, crystals were de- 
posited which melted at 148—150°. Recrystallisation from ether 
gave large, brilliant needles which had the same melting point. They 
were readily soluble in chloroform, but less so in light petroleum. On 
analysis : 
02338 gave 0°6984 CO, and 0:1954H,0O. C=81:'4; H=9-28, 
C,,H,,N, requires C=81:91. H=9-25 per cent. 


We desire to express our indebtedness to Mr. Thomas Walsh, B.A., 


for assistance during the course of these experiments. 


QUEEN’s COLLEGE, 
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XXITI.—The Action of Phenylearbinude on Dipheny/-, 
Dialphyl-, and Dinaphthyl-diamines. 
By A.rreD SENIER and WILLIAM Goopwin. 


WueEN the two ethylenediamines described in the previous paper are 
treated with phenylcarbimide, an interesting reaction, resulting in 
the formation of ethylenediamines of the type C,H,(NR’-CO-NHPh),, 
is brought to light. Combination is effected between each of the 
alphyl amino-groups of the diamine and the carbonyl groups of the 
carbimide by the severance of the double linking between the carbon 
and nitrogen of the latter. The reaction is of the same type as that 
between ethylenediamine hydrochloride and silver carbimide, whereby 
ethylenediurea, C,H,(NH°CO-NH,),, was obtained by Volhard 
(Annalen, 1861, 119, 349), and is analogous to the general reaction 
between phenylcarbimide and primary and secondary amines. The 
compounds are also homologous with the trimethylenecarbanilide of 
Hanssen, C,H,(NH*CO-NHPh), (Ber., 1887, 20, 783). The latter 
experimenter did, indeed, by a different reaction, that between ethyl- 
enedicarbanilic chloride and aniline, produce a compound which was 
doubtless an impure specimen of the dicarbanilidodiphenylethylenedi- 
amine described below, but it melted at 170° and resisted all attempts 
at purification. 

We have succeeded in extending this reaction to diphenyl- and 
several dialphyl-diamines, and its general character is further proved 
by its application to the naphthyl group. In the latter case, however, 
unsymmetrical or mono-ureas have so far only been obtained. 
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Dicarbanilidodiphenylethylenediamine (Ethylenedicarbanilide), 
C,H,(NPh:CO-NHPh).. 


Diphenylethylenediamine (1 mol.), carefully dried by standing over 
sulphuric acid in a vacuum, was heated in a closed tube with phenyl- 
carbimide (2 mols.) at 120—130° for 3 hours. The product, of a steel 
grey colour, was washed with ether and crystallised from absolute 
alcohol. The crystals thus obtained were, however, still impure, and 
needed to be recrystallised several times from benzene, and finally 
from absolute alcohol. They consist of pale, bluish-grey needles 
which melt at 220°. On analysis : 

02371 gave 0°6512 CO, and 0:1306 H,O, C=74:9; H=6:12. 

C,,H,,O,N, requires C= 74°66 ; H=5-77 per cent. 


‘ erbantlidoditolylethylenediamines, C,H,[N(C,H,Me)*CO-NHPh],. 


ine ditolylethylenediamines (1 mol.) were heated in closed tubes 
vita phenylcarbimide (2 mols.) in the manner above described, except 
iat, in the case of the para-derivative, a somewhat higher tempera- 
vare, 150°, gave the best yield. In the preparation of the ditolyl- 
thylenediamines employed, the method described by Mills (Trans., 
1900, '7'7, 1020) was followed in the case of the ortho-derivative, that 
of Francis (Trans., 1897, 71, 426) for the meta-, and of Gretillat 
(Monit. Scient., 1873, [iii], 3, 383) for the para-compound. 
Dicarbanilidodi-c-tolylethylenediamine appeared on opening the tube 
asa mass of pink crystals which, after being washed with ether and 
recrystallised from absolute alcohol, retained a faint pink colour. It 
melted at 195—196°. On analysis : 


0'2765 gave 0°7591 CO, and 0:1654 H,O. C=74:87; H=6°6. 
C,,H,,0,N, requires C= 75°31 ; H=6-27 per cent. 


Dicarbanilidodi-m-tolylethylenediamine crystallised in the form of 
brilliant, colourless needles melting at 181°5°. On analysis : 


0°3047 gave 0°8402 CO, and 01788 H,O. C=75:2; H=6'52. 
C,,H,,0,N, requires C= 75°31 ; H=6-27 per cent. 


Dicarbanilidodi-p-tolylethylenediamine was purified in the manner 
described for the ortho-derivative, except that after washing the tube 
contents with ether, the residue was recrystallised several times from 
benzene before the final recrystallisation from absolute alcohol. It 
separated in the form of fine, colourless needles which melted at 186°. 
On analysis : 


0:2990 gave 0°8226 CO, and 0:1766 H,O. C=75-03 ; H=6°58. 
C,,H,,0,N, requires C= 75°31 ; H = 6°27 per cent. 
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Dicarbanilidodixylylethylenediamine, C,H,[N(C,H,Me,)*CO-NHPhi.. 


Dixylylethylenediamine (this vol., p. 254) was heated in a closed tube 
with phenylcarbimide for 3 hours at 135—140°. The proportion 
used was one molecule of the base to two of the carbimide. The 
semi-crystalline mass which resulted was washed with a small quan- 
tity of rectified spirit, and the residue was recrystallised several times 
from absolute alcohol. Well formed, colourless needles melting 
sharply at 167° were finally obtained. On analysis : 


0°3037 gave 0°8453 CO, and 0:1912 H,O. C=75:9; H=6:99. 
C,.H,,0,N, requires C= 75°88 ; H=6°72 per cent. 


Dicarbanilidodi-y-cumylethylenediamine, 
C,H,[N(C;H,Me,)*CO-NHPh],. 


Di-y-cumylethylenediamine (this vol., p. 256) and phenylcarb- 
imide, in the proportion of one molecule to two, were heated in a 
closed tube for 4 hours at 180—190°. The contents were well washed 
with ether and recrystallised several times from alcohol. To obtain 
the compound in a pure condition, it was, however, necessary to re- 
crystallise again several times from benzene, and finally from ether, 
in which latter solvent it is only slightly soluble. It consists of 
glistening, colourless needles which melt at 191°. On analysis : 


0°1615 gave 0:4532 CO, and 01108 H,O. C=76°53; H=7°62. 
C,,H,,0,N, requires C= 76:4 ; H=7-11 per cent. 


Monocarbanilidodi-a-naphthylethylenediamine, 
C,,H,"NH-C,H,°N(C,,H,)*CO*-NHPh. 


The ethylenedi-a-naphthyldiamine was prepared according to the 
directions of Bischoff and Nastvogel (Ber., 1890, 23, 2039), and 
melted at 126°. It was carefully dried and heated for 5 hours with 
phenylcarbimide in the proportion of one molecule to two molecules. 
The tube contents were washed with small quantities of ether and 
crystallised twice from benzene. As the melting point was still not 
definite, further recrystallisation from chloroform was resorted to, 
and after twice treating in this way, small, colourless needles melting 
at 266° were obtained. The crystals are readily soluble in benzene, 
less so in chloroform, and dissolved only sparingly in alcohol or ether. 
On analysis : 


0°2534 gave 0°7530 CO, and 0°1486 H,O. C=81:04; H=6°51. 
C,,H,,ON, requires C= 80°74 ; H=5-80 per cent. 
Uz,H,,0.N, » C=7854; H=5-45 9” 


USE OF PYRIDINE FOR MOLECULAR WEIGHT DETERMINATIONS. 261 


The analysis proves the compound formed to be a monocarbanilido- 
derivative, thus differing from the phenyl- and alphyl-derivatives de- 
scribed above. Several attempts were made, using larger proportions 
of phenylearbimide and varying the temperature, but in each instance 
only the monocarbanilido-derivative was produced. 


QUEEN’s CoLLEGE, 
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XXIV.—WNote on the use of Pyridine for Molecular 
Weight Determinations by the Ebullioscopic Method. 


By Witu1am Ross Innes, M.Sce., Ph.D. 


PyrIDINE has a very remarkable solvent power for both organic and 
inorganic compounds ; many substances which are insoluble, or only 
sparingly soluble in the organic solvents in general use, dissolve 
readily in pyridine. 

An organic liquid in which so many substances are soluble should 
be very valuable in the investigation of the physical properties of 
solutions, as a large number of comparable results can be obtained. 
For such a purpose, it is important to know whether the molecular 
weights of dissolved substances are normal in this solvent. 

As is well known, substances containing, hydroxyl groups generally 
give abnormally high molecular weights both by the freezing and 
boiling point methods, when hydrocarbons such as benzene, naphthalene, 
and phenanthrene are used as solvents. The molecular weight is 
found to increase with the concentration, and is usually nearly 
normal in dilute solution. 

Von Laszezynski and von Gorski (Zeit. Hlektrochem., 1897, 4, 299) 
have shown that pyridine solutions of a number of inorganic salts 
have marked electrical conductivity, and deduce from this that the 
salts are ionised to a considerable extent. If this is the case, pyridine 
should give normal molecular weights with organic hydroxy-compounds, 
asan ionising solvent does not favour the formation of polymerised 
molecules. 

Werner (Zeit. anorg. Chem., 1897, 15, 1) has determined the mole- 
cular weight of a number of inorganic salts in pyridine. The concen- 
trations used were small (about 0°5 to 3percent.). The molecular weights 
found were constant within the limits of experimental error for the 
various concentrations and agreed closely with those calculated from 
the formule, in some cases being a few units above, in others slightly 
below the normal. The only substances which gave values much 
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below the normal were mercuric iodide and cyanide. Both these sub- 


stances are ionised to an unusually small extent in aqueous solution. 

There is therefore no evidence of ionisation in pyridine to be drawn 
from the molecular weights of dissolved salts.* Consequently there 
was a possibility that pyridine might give abnormal results with 
organic hydroxy-compounds. 

As the author wished to examine in a polymerising solvent, sub- 
stances which are soluble in pyridine, but.insoluble in all the solvents 
known to have this action, the following determinations were carried 
out to test this point. 

The method described by Jones (Zeit. physikal. Chem., 1899, 31, 114) 
was tried ; the boiling tube was somewhat smaller than that used by 
him, but otherwise the apparatus was the same. 

The boiling point of the pyridine was not of satisfactory constancy. 
It varied considerably with changes in the gas pressure, and draughts 
affected it very much. This may, no doubt, be ascribed to the direct 
manner of heating recommended by Jones, and to the absence of a 
vapour jacket. 

A determination of the constancy of the boiling point was therefore 
made in an ordinary Beckmann apparatus, using a platinum cylinder 
in the way described by Jones. The result was very satisfactory. 

A glass vapour mantle was used, and a plain glass boiling tube 
without a platinum rod fused into the bottom. 

It was found that pyridine acted rapidly on cork, leaving a shrivelled, 
hard, wood-like residue; the condenser tube was therefore fused 
directly to the boiling tube and the boiling tube made longer than 
usual above the condenser. The cork holding the thermometer was 
covered with tinfoil. Hardly any pyridine vapour came into contact 
with it, owing to the length of the tube. 

The platinum cylinder was 7°6 cm. long, 1:9 cm. in diameter, and 
made conical at the top so as to fit the thermometer closely. 

The boiling tube was filled to a height of about 2°5 cm. with glass 
beads of the usual size, the platinum cylinder slipped down, and very 
fine beads poured in to occupy about 1 cm. The cylinder was then 
brought into the middle of the tube by tapping, and some pieces of 
platinum foil placed in it. The small beads hold the cylinder more 
firmly than the large ones, and mix the vapour and liquid more 
thoroughly. 


* Joneshas suggested (Zeit. physikal. Chem. , 1899, 31,114) that the apparent absence 
of ionisation indicated by osmotic methods in this and similar cases may perhaps be 
accounted for by combination of the dissolved substance with the solvent. Itis evident, 
however, that combination with the solvent should lower, not raise, the apparent 
molecular weight. The number of molecules of dissolved substance would be the 
same, but the amount of solvent would be smaller than that used in the calculation. 
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The pyridine used was Kahlbaum’s “ gereinigt” ; it was dried over 
solid potassium hydroxide and fractionated, a dephlegmating column 
being used. The fraction boiling at 115°-2—115:5° was taken for 
the experiments. 

Two series of determinations were made with Kahlbaum’s “ pure” 
pyridine ; the constant obtained agreed perfectly with that given by 
the much cheaper specimen. 

A Jena glass Beckmann thermometer with a very small bulb was 
employed. A constant temperature was only obtained after -the 
liquid had been boiling for several hours. 

The following readings show the apparent variation ef the boiling 
point due to changes in the thermometer : 


Liquid began to boil at 11°30. 


Time. Reading. Time. Reading. 

11°45 2°45 3°25 2°990 

12°15 2°59 3°40 2°990 

12°30 2°740 4:0 3°060 
2°10 2°835 4°25 3°070 
30 2°885 4°35 3°070 
3°7 2-940 


By leaving the liquid boiling all night, a boiling point of satisfactory 
constancy was obtained. 


Time. Reading. Time. Reading. 
5°10 p.m. 3°130 10°50 a.m 3°272 
6°10 ,, 3°148 1°5 P.M. 3°270 


10°20 a.m. 3:278 


During both these determinations the atmospheric pressure varied 
very little. 

In the experiments, of which the results are given, the pyridine 
was left boiling all night, the boiling point observed several times 
during an hour in the morning, and if it did not vary more than 0°01° 
the determinations were then carried out. A regulator was used to 
keep the gas pressure constant. 

In calculating the results, 0-2 gram is deducted from the weight of 
solvent actually taken. 

Rosenheim and Woge (Zeit. anorg. Chem., 1897, 15, 315) used 
pyridine to determine the molecular weight of beryllium chloride. 
They state that, with ordinary German glass, constant results could 
not be obtained, as the pyridine attacked the glass. They found it 
necessary to use Jena glass. No effect of this sort had been noticed 
in my experiments. 

Twenty grams of pyridine were heated for sixteen hours in the 


264 INNES: NOTE ON THE USE OF PYRIDINE FOR MOLECULAR 


boiling tube, fitted up as if for a molecular weight determination. 
The pyridine was then evaporated to dryness in a weighed platinum 
dish. There was no residue, and the weight of the dish was the same 
to four places of decimals. 


Determination of the molecular rise of boiling point for pyridine : 


Wt. of Wt. of Rise of | Grams subst. per Mols./100 per 
solvent. subst. b. p. 100 g. solvent. 100g. solvent. Constant. 


Benzophenone, C,,H,,O = 182. 


15°72 0°2480 0°268° 1°60 0:88 30°5 
” 0:5970 0°648 3°85 2°12 30°7 
” 0°926 0°988 5°97 3°28 30°1 
” 1-259 1318 8°12 4°46 29°6 


Phenanthrene, C,,H)= 178. 


18°59 0°1592 0°140° 0°87 0°49 28°8 
” 0°4236 0°392 2°30 1:29 30°3 
” 0°8406 0740 4:57 2°57 28°8 
- 1°450 1240 7°88 4°43 28°0 
in 2°063 1°758 11°21 6°30 27:9 


Diphenylamine, C,,.H,,N = 169. 


18°40 0:2282 0:218° 1:23 0°73 29°0 
» _ 05278 0536 2°84 1°68 30°9 
” 1°7008 1596 9°34 5°53 285 


The mean of all the determinations is 29°5. 


The constant has been determined by Werner (Joc. cit.) with 
diphenylamine in concentrations varying from 0°93 to 9°69 per cent. 
The mean value was 301, the numbers varying from 28°6 to 31°5. 

The constant has also been determined by Rosenheim and Woge 
(Joc. cit.), who used diphenyl, triphenylmiethane, and p-toluidine as 
dissolved substances in concentrations of from 1°7 to 3°7 per cent. The 
mean was 30°7. The numbers obtained for the constant were very 
concordant, the greatest difference being only 1:3, but the determina- 
tions were nearly all carried out at about the same concentration, and 
the greatest differences of concentration were small. 

Werner calculated the constant from the Trouton-Schiff rule 
C=0-000967m=29°5 This method only gives an approximate value 
in most cases. The constant may be calculated with considerable 


16 
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0019872 
accuracy by van’t Hoff’s formula C ——, which has been 


shown to apply to the boiling point by Arrhenius (Zeit. physikal. 
Chem., 1889, 4, 550). ' 

The heat of vaporisation of pyridine has been determined by 
Louguinine (Compt. rend., 1899, 128, 366), who found it to be 101°39 
at 115°5°. Introducing these values, we get 


0:0198 x (388°5)2 
———_ =: 


29°5 is therefore taken as the constant for pyridine. 


Molecular weight of hydroxy-compounds in pyridine: 


Wt. of Wt. of Rise of Grams subst. per Mols./100 per 
solvent. subst. b. p. 100 g. solvent. 100g. solvent, Mol. wt. 


Suecinic acid, C,H,(CO,H), = 118. 


17°77 0°2104 0°278° 1:18 1-00 127 
- 0°4316 0°575 2°43 2°06 126 
” 0°8524 1215 4°80 4°06 117 
” 1-492 2°205 8°40 711 113 


Tartaric acid, C,H,(OH),(CO,H), = 150. 


19°60 0°3542 0°335° 1°81 1°20 160 
9 1:1530 1-065 5°88 3°92 164 
” 2°372 2°175 12°10 8:07 165 


Salicylic acid, C,H,(OH)-CO,H = 138. 


18:26 0°1782 0°188° 0°98 0°71 123 
” 05021 0-615 2°75 1°99 133 
” 11978 1390 6°56 4°75 140 
” 2°193 2°630 12-00 8°70 136 


Resorcinol, C,H,(OH), = 110. 


16°89 0:0968 0°145° 0°57 0°53 124 
” 0°3050 0°497 1:80 1°64 107 
” 0°6968 1153 4:17 3°99 105 


Tartaric ditoluidide, C,H,(OH),(CO-NH-C,H,:CH,), = 328. 


16°99 0°2094 0°110° 1°23 0°38 331 
” 0°4112 0°218 2°42 0°74 330 
” 0°6234 0°308 3°67 1°12 354 
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-Naphthol, O,,H,* OH = 144. 
Wt. of Wt. of Rise of Gramssubst. per Mols,/100 per 


solvent, subst. b. p. 100 g. solvent. 100g. solvent. Mol. wt, 
18°54 0°1734 0°176° 0:93 0°65 * 158 
” 0°4284 0°465 2°31 1°60 148 
” 0:9694 1060 5:23 3°63 147 
” 1:342 1-470 7°22 5-01 146 
” 1-798 2°000 9°68 6°72 144 


The molecular weights found are in every case near the normal, 
and ‘there is no regular increase with concentration. Pyridine may 
therefore be used to find the normal molecular weight of hydroxy- 
compounds. 


BIRMINGHAM UNIVERSITY. 
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XXV.—The Amide, Anilide, and o- and p-Toluidides 
of Glycerie Acid. 


By Percy Farapay FRANKLAND, FREDERICK MatcoLm WHARTON, 
and Henry Aston. ~ 


In pursuing the systematic study of the effect onrotatory power produced 
by substitution in optically active compounds, we have recently been 
directing our attention to active amides and their substitution products. 

The information at present available concerning the rotatory power 
of compounds of this class is summarised in the following table. In 
this table only such amides have been included as are derived from 
acids of which the rotatory power of several esters is also known, and 
the rotations of these esters are also given so that the relative 
rotatory effects of the amino- and alkyloxy-groups are rendered apparent. 
It will be seen that the existing material for such comparison is very 
scanty, being practically limited to the derivatives of malic, tartaric, 
and mandelic acids. 


Mandelic acid (Walden, Zeit. physikal. Chem., 1895, 1'7, 706). 


¢. [a], [M]>. 
Free acid Acetone...... 2-50 — 148°0° — 225°0° 
Methy] ester “ 3°33 —110°2 — 182°9 
Ethyl me 9 5°81 — 90°6 — 163'1 
” ” ” 1°16 — 87'1 — 1568 
Amide os 2°50 — 66°6 — 100°6 


1:50 — 66°7 — 1007 
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Malic acid (Walden, ibid., 248). 


Dimethyl ester Liquid 
Diethyl ~ ‘ 
Dipropyl _,, ” 
Diisopropy] ,, - 
Diisobutyl ,, sis 
Diamide Water 


” 9? 
Dianilide Glacial acetic acid 


” 
Di-o-toluidide ” 


”? 
Di-p-toluidide ~ 
B-Naphthimide ~ 
Anil* Water 


Dimethyl ester Liquid 
Diethyl » 9% 
Dipropyl ,, oe 
Diisopropy]l ,, - 
Diamide Water 


Methyltartrimide t Water 


9? 


Ethyltartrimide tT ” 


” ? 


4°32 
8°65 
1:50 
0°75 
2°00 
1:00 
1-00 
1-00 


0°2258 


c. 


7°31 


12°94 


5°76 
8°57 


[a], 
— 6°85° 
—10°18 
—11°62 
— 10°41 
-—11°14 
— 376 
— 38-0 
— 60°66 
— 58°66 
— 65:0 
— 66°5 
[a] — 70-0 
[a]p- 515 
[a]p— 33°95 


d-Zartaric acid. 


[a], 

+ 2°14° 
+ 7°66 
+12°44 
+ 14:89 


[a]j;+133°9 


[a]. 
+ 194-2 
+192°6 
+ 164°9 
+166°2 


[M]>. 
-11-1° 
-—19°3 
— 25:3 
— 22:7 
— 27-4 
—49°6 
—50°2 
—172°3 
— 166°6 
— 202°8 
— 207°5 
— 218-4 
— 124-1 
—59°4 


L[M]p. 
+ 3°8° 
+15°8 
+29°1 
+ 34°8 


[M]; + 198-2 


[M]>. 
+ 281°6 
+ 279°3 
+ 262:2 
+ 264°3 


A glance at the table is sufficient to show that the rotatory effect 
of the NH, group is qualitatively similar to that of the alkyloxy- 
(0A) group, but quantitatively greater. Thus, in the case of man- 
delic acid, the replacement of OH by OA has the effect of dimin- 
ishing the levorotation (the ethoxy- having a greater effect in this 
respect than the methoxy-group), the replacement by NH, leading 


toa still greater depression of the latter. 


In the case of malic acid, the alkyloxy-groups successively raise the 


* Bischoff and Walden, Stereochemie, 855. 
+ Ladenburg, Ber., 1896, 29, 2710. 
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levorotation, the latter being very greatly further elevated by the 
replacement of OA by NH,. 

Again, in the case of d-tartaric acid, the effect is exactly similar, 
only that here it is the dextrorotation which is raised by these sub- 
stitutions, 

On substituting the hydrogen in the amino-group by phenyl or 
tolyl, it is seen that the rotatory effect of the group is still further 
increased. Again, if the amino-group becomes an imino-group leading 
to the formation of a ring compound, the rotatory effect is also in- 
creased, as in the cases of malic B-naphthimide and of methyl and ethyl 
tartrimides. 

The present paper deals with the preparation and properties of the 
amide, anilide, o-toluidide, and p-toluidide of glyceric acid. With the 
exception of the o-toluidide, these compounds have had their rotation 
determined in the liquid state, whilst the rotation of all of them has 
also been taken in methyl alcohol solution. So far as we are aware, 
these are the only amides which have hitherto had their rotation 
determined in the fused or liquid condition. 

The rotations of these new compounds should be compared with 
those of the esters of d-glyceric acid given below (P. Frankland and 
Price, Trans., 1897, '71, 270) : 


Methyl glycerate......... [a je — 4°80° | M }p’ - 576° 
Ethyl is wenn -9:18 — 12°30 
Propyl i ideanbainn —12°94 —19°15 
GEOR TORTI ng se vivecees — 11°82 — 17:49 
Butyl ae -— 13°19 — 21°37 
isoButyl -~ sneaked — 14:23 — 23:05 
Amyl a: >, eleaiaiies — 14:12 — 24°85 
Heptyl sj -haati - 11°30 — 23°05 
Octyl ies Wecaieaes -— 10°22 — 22°28 


The rotation of glycerylamide is much greater, [M]¥"= — 41-98%, 
of glycerylanilide still greater, [M]}#"= —72-36°, whilst that of 
glyceryl-p-toluidide is intermediate between that of the two latter, 
[M}*= -67-65°. The levorotation of the o-toluidide in the fused 
state is doubtless lower than that of the para-compound, as in methyl 
alcohol solution it is very much lower than that of the latter ; indeed, 
it is about the same as that of glycerylamide in the same solvent at 
the same concentration. 

The levorotation of the amide, anilide, and p-toluidide is very con- 
siderably greater in methyl alcohol solution than in the liquid state; 
the o-toluidide, as already mentioned, could only be optically examined 
in solution, but it may safely be assumed that its rotation is simi 
larly affected by this solvent. 


eee =. ao . 
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It is further noteworthy that the rotation of the amide, anilide, 
and p-toluidide in each case diminishes with rise of temperature ; in 
methyl alcobo] solution, increase of concentration diminishes the rota- 
tion of the amide and anilide, whilst it increases that of the o-toluidide. 
The rotation of the p-toluidide is almost independent of the concentra- 
tion within the limits examined, there being, however, a very slight 
diminution with increase of concentration. 

The corresponding compounds of inactive glyceric acid were also 
prepared, and their melting points compared with those of the active 


substances : 
Melting point. 


Active. Inactive. 
Glycerylamide......... 99°5—100° 915— 92° 
Glycerylanilide ...... 113 —113°5 91 


Glyceryl-o-toluidide... 89 — 89°5 129 —129°5 
Glyceryl-p-toluidide .. 131 —131°5 120 —1205 


Thus, in all cases, excepting that of the o-toluidide, the melting 
point of the active is higher than that of the corresponding inactive 
compound. 

We are continuing the investigation of the effect produced by these 
and similar substitutions. 


EXPERIMENTAL. 
I. Glycerylamide (Inactive). 


Dry ammonia was passed into inactive ethyl glycerate surrounded 
with a freezing mixture of ice and salt. The saturated liquid was 
allowed to stand for 24 hours, the excess of ammonia and alcohol 
being then taken off under reduced pressure at the ordinary tem- 
perature of the air. When nearly the whole of the ammonia had 
been removed, the residue crystallised out. It was recrystallised from 
methyl alcohol ; the prismatic crystals melt at 91-5—92°. 


0°0411 gave 0:0054 nitrogen. N=13°14. 
C,H,O,N requires N = 13°33 per cent. 


Glycerylamide (Active). 
This was prepared in exactly the same way from active ethyl glycer- 
ate.* It forms large plates or prisms melting at 99-5-—100°. 


0°0402 gave 00052545 nitrogen. N=13-07. 
00409 ,, 0005397 9 N= 13-20. 
C,H,0,N requires N = 13°33 per cent. 
d 130°/4° = 1-3099. d 140°/4° = 1°3016. d 150°/4° = 1°2932. 
* ap= —11°35°; J=1. 
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Rotation of glycerylamide. 


Temp. Lengthof tube. d?#*/4°. Gp: [a ]>. [M 
100° 44 mm. 13347 --—23°47° -—39-98° -—41-98° 
109°5 a 13268 -—23-06 — 39°50 — 41-48 
136 = 13048 -—21°88 — 38:11 — 40°02 
182 Mm 1:2666 -—19°91 -—35°73* —-—37-52 
[20° calculated from rotations at 100° and 

136° above —44°14 — 46°35 ] 


II. Glycerylanilide (Inactive). 


Ten grams of inactive ethyl glycerate were heated with 8 grams of 
aniline (7 grams is the theoretical quantity required) for 4 hours at 
140°. The temperature was then gradually raised to 160° and main- 
tained there for 4 hours more. On cooling, the mixture solidified to a 
brown, pasty mass. The colour was:removed by boiling in alcoholic 
solution with animal charcoal, and crystallisation was then effected 
from chloroform, small plates melting at 91° being obtained. 


0'1745 gave 12:2 c.c. moist nitrogen at 12° and 729 mm. N=7°95. 
01584 , l10cc. ,, a 125 ,, 7255mm. N=7°85, 
C,H,,0,N requires N =7°73 per cent. 


Glycerylanilide (Active). 


This substance was prepared from active ethyl glycerate as described 
above for the inactive compound. It was first crystallised from 
alcohol, being obtained in long, flat blades. On subsequently crystal- 
lising from chloroform, in which it is but slightly soluble, it was ob- 
tained in small needles. On melting, these yielded a dark liquid, 
which could not be satisfactorily examined in the polarimeter ; it was 
therefore boiled with animal charcoal in alcoholic solution, and finally 
crystallised from this solvent. The crystals melted at 113—113°5°, 
and yielded a clear and colourless liquid. 


0°2288 gave 15°6 c.c. moist nitrogen at 14°and 736 mm, N=7°77. 
01993 ,, 132cc ,, » 12° ,, 7514mm, N=777. 
C,H,,0,N requires N =7°73 per cent. 


d 120°/49=1:1914. — d 140°/4°= 11744. 


* This value is somewhat doubtful, as the glycerylamide underwent partial de- 
composition during the polarimetric measurements at this temperature, 


1 de- 
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Rotation of glycerylanilide. 


Temp. Length of tube ad t°/4°. Gp. [a]p. (M]> 
100° 49°85 mm, 12084 -—24°09° -—39°98° —72°36° 
109 - 1:2008. -—23°42 — 39°12 —70°81 
139 ™ 11752 -—21°19 — 36°16 — 65°45 
180 - 11404 -—18:15 — 31°93 ~ 57°79 
[20° calculated from rotations at 100° and 

139° above. -47'32 —86°55] 


III, Glyceryl-o-toluidide (Inactive). 


Ten grams of inactive methyl glycerate were heated with 15 grams 
of o-toluidine for 4 hours at 140°, the temperature being then raised 
slowly to 160°; finally the excess of toluidine was distilled off under 
14mm. pressure, On cooling, the contents of the flask nearly solidified 
toa dark brown mass. On crystallising from benzene, the substance 
was still much coloured, and it was therefore boiled with animal 
charcoal in alcoholic solution. It was then several times recrystallised 
from benzene until of constant melting point, and finally from chloro- 
form by which the melting point was not altered. The crystals are 
colourless, have a somewhat silky appearance, and melt at 129—129°5°. 
The liquid obtained by melting the crystals does not colour in con- 
tact with air, and in this respect differs from the active compound 
(see below). 


0'2000 gave 0:4499 CO, and 0°1219H,O. C=61':35 ; H=6°77. 
01536 ,, 9°4¢.c. moist nitrogen at 14°5° and 757°4 mm. N=7'15. 
C,,H,,0,N requires C=61:°54; H=6°66 ; N=7°18 per cent. 


Glyceryl-o-toluidide (Active). 


This was prepared similarly to the inactive substance, 15 grams of 
active methyl glycerate * being heated with 22°5 grams of o-toluidine. 
Although the colour of the product was removed by boiling in aleco- 
holic solution with animal charcoal, it reappeared during the exposure 
to air necessitated by the subsequent filtration. Thus pink crystals 
were obtained from benzene, but finally an almost perfectly colourless 
separation was obtained by using chloroform as the solvent and wash- 
ing the crystals with ice-cold chloroform. The crystals had a constant 
melting point of 89—89°5°. On melting these crystals, however, the 
liquid obtained was of such a deep-red colour, when viewed by trans- 
mitted light, that it could not be used for polarimetric observation. 
The rotation could therefore only be determined in solution, and_this 


* ap= -6°20°; J=1, 
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necessitated determining the rotatory power of all the other substances 
referred to in this paper in solution also. The values for the rotatory 
powers in solution are given later (see p. 273). 
0:2002 gave 0°4509 CO, and 01213 H,O. C=61:42; H=6°73. 
02004 ,, 04515 C0, ,, 0°1219H,O. C=61:44; H=6-75. 
0°2030 ,, 12°6 c.c. moist nitrogen at 12° and 746-4 mm. N =7:23. 
C,)H,,0,N requires C= 61°54 ; H=6-66; N=7-'18 per cent. 


IV. Glyceryl-p-toluidide (Inactive). 

This was prepared from inactive ethyl glycerate and p-toluidine 
(m. p. 44°5°), After heating together as described in the case of the 
o-toluidide, the mixture became semi-solid on cooling. The brown mass 
was treated with benzene to extract the excess of base, and the residue 
then crystallised from chloroform, in which it is only very slightly 
soluble. Crystallisation was repeated from this solvent until the 
melting point was constant at 120—120°5°. 


0:2009 gave 12°9 c.c. of moist nitrogen at 14°and 734 mm. N=7:29. 
02013 ,, 126 ,, ” - 13° ,, 7445 mm. N=7'24, 
C,,H,,0,N requires N=7:18 per cent. 


Glyceryl-p-toluidide (Active). 


This was similarly prepared and purified by crystallisation from 
chloroform. The constant melting point was 131—131°5°. 


0°1001 gave 6°5 c.c. moist nitrogen at 23°and 754°8mm. N=7:27. 
02009 ,, 12:9 cc. os e 14° ,, 734 mm. N=7'28. 
C,,H,,0,N requires N=7:18 per cent. 


d 140°/4° = 1°1735. d 150°/4° = 11643. 


Rotation of Glyceryl-p-toluidide. 


Temp. Length of tube. d t°/4°. Gp. [a]p. [M]p. 
179° 49-92 mm. 11376 -—16°82° —29°62° —57-76 
136 n 11772 —19°03 — 32°38 — 63°14 
109- ~ 12020 - 20-41 — 34:02 — 66°34 
98 ™ 1:2121 -—20°99 — 34°69 — 67°65 
[20° calculated from rotations at 98° and 
136° above - 39°43 — 76°89] 


V. Rotation of Glycerylanilide and of Glyceryl-o- and -p-toluidide in 
Methyl Alcohol Solution. 


Owing to the impossibility of taking the rotation of the fused 
glyceryl-o-toluidide, it was determined in solution, the rotation of the 


_ 


ANILIDE, AND O- AND P-TOLUIDIDES OF GLYCERIC ACID. 273 


pcompound and of the glycerylanilide and amide being also deter- 
mined under the same conditions for the purpose of comparison. 

The glycerylanilide is only soluble in methyl alcohol to the extent 
of a little more than 6 per cent., and the glyceryl-p-toluidide to the 
extent of 6°61 per cent., so the rotations were determined in solutions 
of about 2°5, 5, and 6 per cent. concentration respectively. 

I- benzene, glycerylanilide is only soluble to the extent of 0°15 per 
cent. Glycerylamide is even less soluble in methyl alcohol than the 
other compounds, and hence could only be optically examined in the 
two lower concentrations. 


Rotation in methyl alcohol solution at 20° (1=100°45 mm.). 


[Rotation in liquid state (calculated) {a} = 


Weight | Weight | Grams sub- 
of of stance in 0)40 20° 20° 
solution, | substance,| 100 grams @ 20°/4". “Ds [a]”. (My. 
grams. grams. | solution. 
Glycerylamide.* 
8°1877 0°1997 2°4390 0°8022 | —1°24° — 63 09° — 66°24° 
7°7469 0°3689 4°7619 0°8122 | — 2°40 — 61°77 — 64°86 


[Rotation in liquid state (caleulated) [a]?” = -44°14°,[M}2” = —46°35°]. 


Glycerylanilide. 
10°2500 0°2500 2°4390 0°8035 —1°42° —72°18° | —180°55° 
10°5000 0°5000 4°7619 0°8118 — 2°70 -—69°53 | -—125°85 
10°6000 0°6000 5°6604 0°8155 — 3°12 —67°29 | -121°79 


~ 47°82°, [M}2° = -86°55°. 


Glyceryl-p-toluidide. 
| 
10°2500 0°2500 2°4390 0°8039 — 1°26° —63°97° | -124°74° 
10°5000 0°5000 4°7619 0°8108 — 2°49 —63°95 | -—124°70 
10°6000 0°6000 5°6604 0°8140 — 2°95 -—63°74 | —124°294 


[Rotation in liquid state (calculated) [a]2” = -39°43°, [MJ] = —76°89°]. 


Glyceryl-o-toluidide. 

n 10°2500 0°2500 2°4390 0°8025 | -0°64° — 82°55° - 68°47° 
10°5000 0°5000 4°7619 0°8117 — 1°37 — 35°41 — 69°05 
10°6000 0°6000 5°6604 0°8137 -1°72 — 37°18 — 72°50 

d 


e * A 6 per cent. solution could not be prepared, owing to the limited solubility. 
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eVI. Molecular Volumes. 


In the following table, the experimental molecular volumes are 
compared with the values calculated by Traube’s formula : 


Molecular volume at 15°, 
Calculated. Experimental, 


' pe 
Glycerylamide............ 85:1 14063" 74:7 


2 181 
eeeeceres F 792nne~ 1413 
Glycerylanilide 143°7 1°2806 


- ' 195 
. saa 159°8 saaax = 151°3 
Glyceryl-p-toluidide 9 13885 15 


Constants used : 
C=9'9; H=3-1; O (in CO)=55; O (in OH)=0°4; N”’=155, 
Co-volume = 25°9 ; deduction for benzene ring = 13:2. 


Thus in the case of all three compounds the molecular volume 


points to association, which is greatest in that of the amide and least d 

in that of the anilide. - 

In carrying out this investigation we have been assisted by funds & 
placed at the disposal of one of us by the Government Grant Com- 

mittee of the Royal Society. is 
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XXVI.—The Preparation of Acetylchloraminobenzene ‘ 

and some related Compounds. + 

By F. D. Onarraway and K, J. P. Orton. “s 

THE criticism to which Armstrong (Trans., 1900, ‘77, 1047) has chlo 

- recently subjected our work makes it evident that several points hn 

need fuller consideration. the 

In a reference which he makes to the omission in our earlier papers refer: 

of all mention of Slossen’s work (Ber., 1895, 28, 3265), he fails to amon 

remark that we have twice expressed our regret (Proc., 1900, 16, 2, forms 


and Trans., 1900, '77, 134) that at the time these papers were published 
we had unfortunately overlooked the communication and were con- 
sequently in entire ignorance of it. Whilst very gladly acknowledging 
Slossen’s contribution to the subject, we may perhaps again repeat 
that our observations were made quite independently. 

Armstrong also notes in our papers the absence of all reference t 
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his views upon substitution. In his first communication to the Society 
on the subject (Trans., 1887, 51, 258), he advocates the view originally 
put forward by Kekulé that in all cases of substitution additive com- 
pounds are first formed by the union of the interacting substances, 
He endeavours to develop a general theory, and writes : “ Passing now 
to the consideration of the formation of di-derivatives, I may at once 
point out that the difference under discussion in the behaviour of the 
two classes of mono-derivatives * is, in my opinion, attributable to the 
different manner in which they form additive compounds, In the 
case of those which furnish the ortho- and para-derivative, it may be 
held that the additive compound results from the union of the reacting 
molecule with the carbon atom to which the radicle R’ is attached ”’ 
—and again: “.... my opinion being that the additive compound 
which generates the meta-derivative is formed by the combination of 
the reacting molecule with the radicle R’ of the mono-derivative, and 
not with the carbon atom which carries that radicle.” T 

Forster Morley, in reply (Trans., 1887, 51, 579; Proc., 1887, 3, 61), 
directed Armstrong’s attention to the case of the anilines, and instanc- 
ing their behaviour on nitration, insisted that his assumptions as to 
the particular atoms where addition takes place were opposed to known 
facts and “in the very highest degree improbable.” ¢ 

After considering these objections, Armstrong, although he does 
not in any way withdraw his previously quoted generalisations, 
appears to have modified his views, for in his answer (Trans., 1887, 
51, 583) he states: “The behaviour of amido- and hydroxy-derivatives, 
which is in many respects peculiar, deserves minute study from the 
above point of view, several highly suggestive observations having 
been recorded, from which it may be inferred that the phenomena of 


* The formation of para- and ortho- and of meta-derivatives respectively. 

t Armstrong earlier in the paper refers to the facts that potassium phenyl sul- 
phate on heating beconies potassium phenol-p-sulphonate, and that the nitrosamine 
of methylaniline is converted by digestion with an alcoholic solution of hydrogen 
chloride into p-nitrosomethylaniline, not as in any way throwing doubt on his 
theory, but as showing that where para-compounds are produced it is not necessary 
to assume that the reacting molecule attaches itself to the carbon atom occupying 
the para-position relatively to the one to which the radicle R’ is attached. He also 
refers to the transformations of sodium and potassium pheny] carbonates as instances, 
among others, showing that the proportion in which ortho- and para-derivatives are 
formed varies with the nature of the transforming compounds, 

t Forster Morley pointed out that, if Armstrong’s views were correct, compounds 
containing the NH, group, which can combine with nitric acid, ought to produte 
meta-derivatives, whilst the chief product when aniline, for example, is nitrated is 
p-nitroaniline. He argued that when aniline yields a meta-derivative on nitration in 
presence of a large excess of sulphuric acid, it is the circumstance that the nitric acid, 
HNO,, cannot then combine with the NH, group which causes the formation of the 
meta-compound, This explanation, which is now generally accepted is the exact 
opposite of Armstrong’s view, 
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substitution are less simple than is perhaps commonly supposed, and 
that isomeric change is by no means of infrequent occurrence in the 
formation of derivatives of amines and phenols.” He then mentions 
several well-known cases of isomeric change, among them the trans- 
formation of acetylchloraminobenzene, of the nitrosamine of methyl- 
aniline and of potassium phenyl sulphate, and adds : ‘‘ These examples, 
although few, are perhaps numerous enough to justify the inquiry 
whether the formation of para-derivatives of primary or secondary 
amines and of phenols is not always preceded by that of an isomeric 
compound formed by the displacement of the aminic or hydroxylic 
hydrogen. Whether ortho-derivatives are formed in a similar manner 
remains to be ascertained ... .” 

Since 1887,* much work throwing great light on the mechanism of 
substitution has been done. For example, Bamberger (Ber., 1894, 27, 
359; 1895, 28, 399; 1897, 30, 1248, 2247) has shown that nitro- 
amino-derivatives of benzene are transformed readily into o- and 
p-nitroanilines, and that phenylsulphamic acid easily passes into 
o- and p-sulphanilic acids. Hantzsch (Ber., 1897, 30, 2334) also 
has shown that in brominated diazonium chlorides the chlorine can ex- 
change places with bromine atoms in those positions. These facts clearly 
demonstrate that the NO, group and halogen atoms when associated 
with a nitrogen atom can readily interchange with hydrogen atoms in 
the nucleus in ortho- and para-positions relatively to the carbon atom 
to which the nitrogen atom is attached, and in these only. It had 
been shown much earlier that CH; and C,H, groups could wander 
from the nitrogen of secondary anilines only into these positions in 
the ring (Hofmann, Ber., 1874, '7, 526; Limpach, Ber., 1888, 21, 
641). 

In 1899 we submitted to the Chemical Society a paper in which our 
views on the substitution of chlorine and bromine in anilines and anilides 
were clearly stated, accompanied by the experimental evidence on 
which we based them. This paper was read on June Ist, and an 
abstract of it containing all our experimental results, which admitted 
but of one explanation, was printed in the Proceedings of that date 
(Proc., 15, 152). In the next number of the Proceedings, containing 
an account of the meeting of June 15th (Proc., 15, 176), Armstrong 
published a short note containing an unreserved withdrawal of his 
previous opinions, and a substitution of views in the main identical 
with those to which our work had led us, all the important facts of 


* Bender in 1886 (Ber., 19, 2272), a year before the appearance of Armstrong’s 
first paper, showed that the chlorine in acetylchloraminobenzene easily passes into 
the para-position in the nucleus, and this observation was extended in 1890 by 
Comstock and Kleeberg (Amer. Chem. J., 12, 500), who proved that the iodine atom 
in formyliodaminobenzene behaves similarly, 
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this work having been published a fortnight previously, Armstrong’s 
more complete communication to the British Association was made 
two months later. In neither place does he refer to our work, 
although his changed views are as direct a consequence of it as.of the 
work of Bamberger, of Hantzsch, and of others. 

We have never in any way claimed originality for the view that substi- 
tution is probably preceded by the formation of an isomeride which 
subsequently undergoes isomeric change; this directly follows from 
much earlier work. What we do claim is that in the particular case 
of the substitution of halogen in anilines and anilides we have con- 
verted a probability into a certainty by showing that all the compounds 
ordinarily formed by substitution can be produced by isomeric change 
from previously formed nitrogen chlorides and bromides, and that the 
degree of difficulty with which transformation is effected corresponds 
with that experienced in effecting apparently direct substitution. 


EXPERIMENTAL. 
Acetylchloraminobenzene. 


Armstrong (Trans., 1900, '7'7, 1051), referring to our method of 
preparing acetylchloraminobenzene from acetanilide, states : ““Accord- 
ing to my experience, whatever excess of hypochlorite be taken, and 
however long the stirring be continued, the chlorination is almost 
always imperfect, and eventually at most 60—70 per cent. of p-chlor- 
acetanilide has been obtained.” 

We have in consequence reinvestigated our original method, namely, 
the action of a solution of bleaching powder on acetanilide suspended 
in excess of potassium bicarbonate solution. 

A mixture of finely powdered acetanilide and potassium bicarbonate 
was added to an excess of a 0°3 solution of bleaching powder. After 
standing for some hours at the ordinary temperature, the solid was 
filtered off and thoroughly extracted with chloroform, in which both 
acetanilide and the nitrogen chloride are soluble, After the solution 
had been dried by calcium chloride, the solvent was completely evapor- 
ated away ina vacuum. An analysis, made by titrating the iodine 
set free from acidified potassium iodide by a weighed quantity of the 
solid residue, showed it to be pure acetylchloraminobenzene. ' 


0°1126 liberated I= 13-25 c.c. W/10 iodine. Clas: NCl= 20°86. 
C,H,*NCl-CO-CH, requires Cl as : NCl= 20-9 per cent. 
{n our later work (Trans., 1900, '77, 789, &c.), we have used a solu- 
tion of potassium hypochlorite containing potassium bicarbonate* for 


* Prepared by mixing solutions of potassium bicarbonate and bleaching powder 
and filtering off the calcium carbonate. 
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the preparation of chloramino-derivatives, when it was necessary to 
avoid the presence of acids. With this agent, pure acetylchloramino- 
benzene is very easily and rapidly prepared in any quantity. 

Twenty grams of acetanilide were added to 300 c.c. of a solution of 
potassium hypochlorite (0°3 to 0°4 VY) containing potassium bicarbonate, 
After standing for half an hour at the ordinary temperature of the 
laboratory, some of the solid was filtered off, washed with water, and 
dried in a vacuum over sulphuric acid. The product was well crystal- 
lised in small plates. 


01655 liberated I= 18-45 c.c. W/10iodine. Cl as: NC1=19°8 per cent. 


Further portions of the solid were filtered off at intervals, dried, and 
analysed : 


After 3 hours the product contained Clas: NCl= 20°26 per cent. 
Clas: NCI=20°81 ,,_,, 


”? 5 ” 9 ” 


It is seen, therefore, that in half an hour more than 95 per cent, 
of the acetanilide becomes converted into the chloramino-derivative, 
and that the conversion is finally absolutely complete. We do not 
find it an advantage to work at the higher temperature recommended 
by Armstrong. 

It must be carefully noted that a too concentrated solution of bleach- 
ing powder cannot be used. If potassium bicarbonate is added toa 
solution of bleaching powder above 0°5 WN, chlorine is always set free, no 
matter what excess of bicarbonate is present. Under such circumstances, 
we find that p-chloroacetanilide is invariably formed. If a sufficient 
excess of bleaching powder is employed, the whole of the acetanilide 
will become converted into p-chloroacetanilide, and this, in its turn, 
into its chloramino-derivative. 

Five grams of acetanilide were mixed with a considerable quantity 
of potassium bicarbonate and added to a large excess of a normal solu- 
tion of bleaching powder. Free chlorine was liberated, and was 
unmistakably present in the carbon dioxide evolved. After standing for 
3 days, the solid was filtered off and extracted with chloroform. The 
residue left, after evaporating away the chloroform, was pure acetyl- 
chloramino-p-chlorobenzene, 


0°2395 liberated I=23°5 c.c. V/10 iodine. Cl as: NC1=17°39. 
O,H,Cl-NCl-CO-CH, requires Cl as : NC] = 17°38. 

We have never observed the formation of p-chloroacetanilide when no 
chlorine is developed; moreover, acetylchloraminobenzene has been 
kept completely unchanged for a week under dilute hypochlorite 
solution, and apparently may be so kept for a long period. 

Acetylchloraminobenzene, from whatever solvent it separates, 


a i f° oo Ue 
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crystallises, accdrding to our observations, in plates or short, four- 
sided prisms. When needles are present, they are undoubtedly the 
isomeric p-chloroacetanilide, and can be shown not to be the nitrogen 
chloride by the following method. The crystals are placed on a slide 
under a microscope and a few drops of a strong solution of potassium 
iodide added. The needles of anilide remain untouched, whilst the plates 
and prisms of the chloramino-compound vigorously react with the iodide, 
and melt toan oil which afterwards solidifies. This substance is readily 
obtained ‘in large plates melting at 92° from a mixture of chloroform 
and petroleum (b. p. 50—80°), which we still believe to be the best 
solvent. It dissolves easily in cold glacial acetic acid, and by adding 
water may be reprecipitated in a pure state as small plates or prisms, 
When it is dissolved in hot dilute acetic acid, needles of p-chloroacet- 
anilide frequently separate, as we have noted.* We have, however, 
also recrystallised it from dilute acetic acid, although we do not regard 
this as a suitable solvent. 

Armstrong has taken exception to our statement concerning the 
general reaction with alcohol of substances containing the nitrogen 
halogen linking. We were not referring in this statement to the 
transformation which acetylchloraminobenzene undergoes under cer- 
tain circumstances in alcoholic solution. This transformation had 
already been observed by Bender. Owing to the readiness with 
which all such substances react with alcohol, and in some cases 
undergo transformation when dissolved in it, we cannot recommend 
it as a solvent. 

Some other observations of Armstrong will be more appropriately 
considered at another time. 


Benzoylchloraminobenzene. 


As a confirmation of our previous observations, we have again pre- 
pared this substance in order to show that benzanilide also is com- 
pletely transformed into its chloramino-derivative by a dilute solution 
of potassium hypochlorite in the presence of bicarbonate. The reaction 
is very much slower than in the case of acetanilide. After 3 days 
standing; some of the solid was filtered off, dried, and analysed, and 
shown to be pure benzoylchloraminobenzene. 


01474 liberated I= 12°75 c.c. W/10 iodine. Clas : NC1=15-33. 
C,H,*NCl-CO-C,H, requires Cl as : NCl=15°33 per cent. 


After another week’s standing, it was found that the substance had 


ty Bender describes it as separating in needles from this solvent. He does not 
give the melting point of these needles ; most probably they were p-chloroacetanilide, 
which invariably crystallises in this form. 
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undergone no change, and on analysis it again gave Cl as : NCl= 15:33 


per cent. 
Acetylchloramino-2 : 4-dichlorobenzene. 


Hitherto this substance has been obtained by Witt, Jackson and 
Wing,* and us, by the action of bleaching powder on an acetic acid 
solution of acetanilide or 2: 4-dichloroacetanilide. From this method 
of preparation it might be inferred that it could only be formed 
through the agency of hypochlorous acid. We find, however, that it 
can very easily be prepared by the direct action of chlorine. 

Acetanilide (1 part) is dissolved in glacial acetic acid (4 parts) and 
excess of anhydrous sodium acetate is added. Dry chlorine gas is then 
led into the cooled solution until no more is absorbed. On adding 
water, the nitrogen chloride separates as an oil which rapidly solidifies, 
It can be obtained pure by one crystallisation from petroleum. In 
the absence of sodium acetate, although some acetylchloramino-2 : 4- 
dichlorobenzene is always formed, the conversion of the 2 : 4-dichloro- 
acetanilide into the nitrogen chloride is not perfect, owing to the 
liberation in the reaction of free hydrochloric acid. 


CHEMICAL LABORATORY, 
Sr. BARTHOLOMEW’s HosPITAL AND CoLLEGE, E.C. 


XXVII.—The Prepuration of Esters from other Esters of 
the same Acid. 


By T. S. Parrerson and Cyrit Dickinson. 


Somz time ago we commenced some experiments with the object of 
preparing methyl ethyl tartrate, a comparison of the rotation of which 
with that of methy! and of ethyl tartrate could not fail to be interest- 
ing. In this work we were encouraged by the hope that methyl ethyl 
tartrate would prove to be a solid at the ordinary temperature, in 
which case its purification would present no great difficulty. Our first 
attémpt to prepare it was made by boiling tartaric acid with ethyl 
alcohol for some hours, then removing the excess of alcohol first by 
distillation and afterwards by the evaporation of the residue in a vacuum 
over sulphuric acid. The very viscous substance thus obtained (83 
grams) was then dissolved in excess of methyl] alcohol (100 grams) and 
the solution saturated with hydrogen chloride. After removal of the 


* This substance, as already noticed by us, was not obtained by these chemists in 
a pure state, but was regarded by them as a liquid additive product with hypo 
chlorous acid. 
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alcohol and hydrogen chloride and distillation of the residue under low 
pressure, the ester obtained had a rotation of +5-72° (/=2, ¢=17°), 
that is to say, consisted of nearly pure methyl tartrate. 

The method of preparation was therefore modified. One hundred 
grams of tartaric acid, after being dried and powdered, were heated in 
a flask under a reflux condenser with 25 grams of methyl alcohol (the 
calculated quantity being 22 grams) on a water-bath for about 8 hours, 
The acid ultimately went into solution. The syrup after cooling was 
then saturated with hydrogen chloride, after which 33 grams (calc. 31 
grams) of ethyl alcohol were added and hydrogen chloride again passed 
into the solution to saturation and the mixture allowed to stand over- 
night. The ester obtained after removal of the excess of alcohol and 
hydrogen chloride and distillation of the residue under reduced pres- 
sure was found to boil at 144—152° (bath 190—210°, pressure about 
12 mm.) and weighed 50 grams. It had a rotation of +11:14° (7=2, 
t= 18°). 

This substance was then redistilled under reduced pressure. It 
boiled at 157—158° (bath 194—197°, pressure 15 mm.). Three frac- 
tions were collected, the first being only a small one. The rotation 
of the second was + 109° and of the third +11°0° (J=2, ¢=15°). 

This is approximately intermediate between the rotations of methyl 
tartrate and ethyl tartrate, so that the substance obtained was probably 
composed mainly of methyl ethyl tartrate, but it showed no tendency 
to crystallise nor did any solid separate out when a few crystals of 
methyl tartrate were added. No further purification could be expected 
by distillation, and as any other method, except crystallisation, would 
probably involve more labour than the result would justify and, in 
addition, be still uncertain, the attempt to prepare this substance in a 
pure condition has been for the present abandoned. 

The result of the first experiment, however, seemed interesting 
enough to warrant further investigation, since it appeared from it 
that ethyl hydrogen tartrate had been almost completely converted into 
methyl tartrate by the action of methyl alcohol and hydrogen chloride. 

Now in certain cases the preparation of an ester from the acid and 
the alcohol presents difficulties which could be overcome by the use of 
another ester in place of the acid. It is therefore of importance to 
gscertain whether such a method will yield a pure product. 


Preparation of Ethyl Tartrate from Methyl Tartrate. 


This was carried out by the method recommended by Fischer and 
Speier (Ber., 1895, 27, 3252), except that methyl tartrate was sub- 
stituted for the acid. 

Hydrogen chloride was passed into 120 grams of ethyl alcohol until 

VOL, LXX IX. x 
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5 grams had been absorbed; 30 grams of methyl tartrate were then 
added, and the mixture boiled for about 4 hours under a reflux con- 
denser. The alcohol and hydrogen chloride were then removed, 
and the ester remaining was distilled in a vacuum. Three fractions 
were collected, the last of which had an observed rotation of 
+ 8:498° (/=1, ¢=18°6°). Under the same circumstances, pure ethyl 
tartrate would have a rotation of +9°15°. Since pure methyl tar- 
trate has a rotation of about + 2°8° at the same temperature, and we 
may assume without any great error that the rotation of a mixture 
of ethyl and methyl tartrates is the sum of the rotations of each 
constituent separately, it follows that about 90 per cent. of the 
original methyl tartrate had been converted into ethyl tartrate. 

The three fractions of impure tartrate were then mixed and treated 
anew with 120 grams of ethyl alcohol containing 5 grams of hydrogen 
chloride. After the alcohol and hydrogen chloride had been removed 
and the ester fractionated several times, a product was obtained 
having a rotation of +9:25° (/=1, ¢=18°8°), which is exactly the 
same as that of pure ethyl tartrate. It is thus clear that methyl 
tartrate may be completely converted into ethyl tartrate by the 
method described. 

The reversg reaction was then tried. 


Preparation of Methyl Tartrate from Ethyl Tartrate. 


Sixty grams of methyl tartrate were boiled for about 5 hours with 
240 grams of methy! alcohol containing 15 grams of hydrogen chloride. 
On subsequent removal of the alcohol and distillation of the residue 
in a vacuum, a very viscous liquid was obtained of observed rotation 
+ 6°249° (J =2, ¢=16°5°), so that about 87 per cent. of the ethyl tar- 
trate had been converted into methyl tartrate. Instead of treating 
this again with methyl alcohol and hydrogen chloride, a few small 
crystals of methyl tartrate were added. By next morning, the ester 
had almost completely solidified, only a small quantity of liquid 
refusing to crystallise. The whole mass was spread on porous earthen- 
ware. When dry, the solid weighed 37 grams. This represents a 
yield of 71 per cent. on the 60 grams of ethyl tartrate used, which, 
considering the loss of methyl tartrate incurred in the removal of a 
first fraction in distillation, and of the portion dissolved in the ethyl 
tartrate which was absorbed by the porous plate, agrees as well as 
could be expected with the 87 per cent. found polarimetrically. 

The substance obtained was then dissolved in benzene and allowed to 
crystallise ; 22 grams separated out. The crystals were dried on porous 
earthenware and then distilled. After the first small fraction had 
been removed, the residue boiled at 150° (bath 175°, pressure about 
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15 mm.). The distillate soon solidified ; its melting point was not 
very sharp, and lay at 55—56°, which is considerably higher than that 
usually given, namely, 48°. Its density, relative to water at 4°, 
was examined at various temperatures, the following figures being 
obtained : 


Temperature ...... 29° 39°8° 58°2° 773° 
DORRIEP 6osicccccese 13187 1:3074 1:2878 1:2676 


These figures plotted relatively to temperature are found to lie upon 
a straight line. By extrapolation, the density at 20° is found to be 
1:3286, Pictet (Jahresber., 1882, 856) giving 1:3284, and at 100°, 
1:2433, Pictet giving 1°2500. 

As the rotation of methyl tartrate appears to have only been 
examined at 18°, 20°, and 100°, we have obtained the following figures 
for the rotation of this specimen at intermediate temperatures, from 
which a curve may easily be constructed. 


Rotation 

e. ‘(100 mm.). Density. [a}s. 
18°2 + 2°910° 1°3306 + 2°19° 
12°7 2°250 1°3363 1°68 
36°1 4°766 1:3113 3°63 
99 8:063 1:2444 6°48 
82:1 7'580 1°2624 6°00 
79°8 7475 1°2649 5°91 
71°4 7025 12738 5°51 
64°2 6°650 1°2815 5°19 
58°6 6°305 1:2874 4:90 
52°5 5°958 1:2937 4°61 
28:1 4-030 1°3198 3°05 


Since, from the experiments described above, it appears that methyl 
tartrate can be converted into pure ethyl tartrate, and vice versd, by 
Fischer’s method, and as the first experiment mentioned shows that 
the same change can be accomplished by the saturation method at a low 
temperature, it seems probable that any other ester may be obtained 
in a pure condition by an analogous process, it being best, of course, to 
choose as starting point a substance whose physical condition is 
different from that of the ester which it is desired to prepare. 


YORKSHIRE -COLLEGE, 
LEEDs. 


LEE: NOTE ON TECOMIN. 


XXVIII.—WNote on Tecomin, a Colouring Matter derived 
JSrom the Heart-Wood of Bignonia Tecoma. 


By Turopore H. LEE. 


Bignonia Tecoma is a fairly common tree in the uplands of Minas, 
Brazil. When full grown, it is about thirty feet high to the first 
branches ; the crown is umbrella-shaped and a further twenty feet 
high. The bark is smooth and the trunk usually crooked. In 
September, just before the rains set in, B. Tecoma is a very strikiog 
object, as it is covered with a mass of brilliant yellow flowers 
resembling the azalea, and showing up all the more strongly on 
account of the absence of leaves, which do not appear till later. 

The tinctorial properties of the wood have long been known to 
natives, who mix the sawdust and shavings with slaked lime, and 
heat the mass with water. The resulting bath is used to dye cotton 
cloth. A paste of lime and the sawdust with water is used to stain 
lighter coloured woods a deep brown. 

The writer’s attention was recently drawn to the fact that, on 
rubbing the sawdust with soap and water, a pink colour was developed. 
Preliminary experiments showed that a yellow colouring matter was 
contained in the wood, which was coloured red by alkalis, and a clearer 
yellow by acids. 

Fifty grams of the sawdust were exhausted by 85 per cent. alcohol 
and the combined alcoholic filtrates concentrated to about 100 c.c. in 
a retort. On transferring to a dish and cooling, a plentiful crop of 
shining chrome yellow crystals with a nacreous lustre appeared. 
These were collected, washed with cold alcohol, and dried between 
blotting-paper. 

The filtrate was evaporated to a paste, taken up with aqueous 
ammonia, boiled, and filtered to separate a resinous residue. The 
ammoniacal filtrate, which is of a magnificent crimson colour, was 
acidified with hydrochloric acid, the dull yellow precipitate washed, 
extracted with hot alcohol, filtered, and the alcohol evaporated. A 
further crop of the yellow crystals was obtained; these, however, 
were of a darker colour than the first, and required recrystallising 
from alcohol to free them from traces of resin, which is obstinately 
retained. The yield of the yellowing colouring matter was approxi- 
mately 5 per cent. Of the resin, 2 per cent. was separated, and a 
further quantity remained in the mother liquor from the second crystal- 
lisation, A small quantity of the yellow dye, provisionally named 
tecomin, is retained in this mother liquor, but the amount is small, as 


FOWLER: IRON NITRIDE. 285 


the colour reaction with alkalis is almost masked by the brown colour 
of the resin. 

From the sawdust which has been exhausted by alcohol, hot dilute 
caustic soda extracts a deep brown dye (which is that utilised by the 
natives). It is precipitated by acids as a flocculent, brown solid, 
soluble in alcohol, from which it separates on evaporation as an 
amorphous mass. It is slightly sensitive to alkalis probably on account 
of a little tecomin retained. ‘The crystallised tecomin is not very 
soluble ; a saturated solution in 85 per cent. alcohol contains about 
0°8 per cent. of it. When a couple of drops of this solution are let fall 
into 50 c.c. of water, a faint opalescence is produced. On addition 
of a drop of a dilute mineral acid, the solution clears and takes a pale 
yellow tint. A little alkali changes this to a full rose-colour. 

Weak acids do not affect tecomin, which therefore can be used in 
the cold for titrating carbonates, silicates, sulphides, sulphites, borates, 
and cyanides., 

Organic acids affect the colour reaction, but indefinitely. Solutions 
of acetates, oxalates, citrates, &c., are alkaline in their reaction, and 
the red colour is discharged slowly by strong acids, but the end-point 
is indistinct. 

The indicator answers excellently for alkalimetry, using the alkalis, 
alkaline earths, and mineral acids as reagents, Calcium, barium, and 
magnesium carbonates react with the yellow solution, giving the red 
colour. The sensitiveness is extreme. In a bulk of 50—70 c.c, coloured 
with two drops of the alcoholic solution, 0°2 c.c. of W/100 acid or 
alkali causes a sharp end reaction. 


Morro VELHO, 
Minas, Brazit. 


XXIX.—Iron Nitride. 
By Gitpert Joun Fowuer, M.Sc, (Vict.). 


AurHoucH the chemistry of the nitrides is of considerable interest 
from many points of view, little is definitely known concerning these 
compounds. Since the discovery of azoimide, which reacts with metals 
to form a class of nitrides, it became of interest to compare the pro- 
perties of the latter with nitrogen compounds of the metals obtained 
by other means. Iron nitride, from its fairly easy decomposability, 
appeared likely to present some interesting reactions and possibly to 
allow of a determination of its heat of formation, 

The earliest work on the combination of iron and nitrogen was 
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done by Berthollet, and by Thénard (Traité de Chimie, 1834, i, 434), 
who allowed ammonia to act on iron wire at a red heat and found 
that the weight of the iron scarcely increased, but that the metal 
became brittle. 

Savart (quoted by Stahlschmidt, Pogg. Ann., 1865, 125, 37) men- 
tioned that after ammonia had passed over iron for a long time the 
metal became softer, whilst’after an action of only two hours it behaved 
like steel and could be hardened. 

These observers did not recognise the formation of iron nitride. 

According to Despretz (Ann. Chim. Phys., 1829, 42, 122), iron 
increased in weight from 7 to 11°5 per cent. by heating in ammonia 
and changed to a white, brittle mass, which he recognised as a com- 
pound of iron and nitrogen. 

Buff (Annalen, 1852, 83, 375) found an increase of 6 per cent. and 
Régnault of 12 to 13 per cent. in this reaction. 

Fremy (Compt. rend., 1861, 52, 322) prepared iron nitride by 
heating anhydrous ferrous chloride in a stream of dry ammonia. The 
compound thus obtained, according to Fremy, contained 9°3 per cent. 
of nitrogen, from which he calculated the formula Fe,N,. The 115 
per cent. of nitrogen found by Despretz corresponded to that required 
for the formula Fe,N. 

From these results, it might be concluded that nitrogen, like carbon, 
was able to combine with iron in several proportions to form com- 
pounds which would alloy with free iron. Stahlschmidt (/oc. cit.), 
however, came to the conclusion that nitrogen combines with iron 
in a perfectly definite ratio to form a substance of the formula Fe,N, 
and that all the nitrides previously prepared containing less nitrogen 
than required by this formula must be looked upon as mixtures of 
this nitride of definite composition with pure iron. 

According to Rogstadius (J. pr. Chem., 1862, 86, 307) and Briegleb 
and Geuther (Annalen, 1862, 123, 228), finely divided iron prepared 
from ferrous oxalate or by the reduction of ferric oxide in hydrogen, 
takes up about 2 per cent. of nitrogen at the ordinary temperature or 
by continuous heating in nitrogen. Stahlschmidt was not able to 
prepare iron nitride in this way. 

By the electrolysis of a mixture of a ferrous salt and sal ammonia¢, 
a shining or spongy mass separates which, according to Kramer 
(Arch. Pharm., 1861, [ii], 105, 284), is an iron nitride containing 
1°5 per cent. of nitrogen ; according to Meidinger (Dingl. Polyt. J., 1863, 
163, 283), it is an iron ammonium alloy. The substance is said to 
give off a smell of ammonia and liberates hydrogen from boiling 
water. 

It should be mentioned, finally, that Allen (Chem. News, 1880, 41, 
231), by heating soft iron wire in ammonia, obtained a “94” 
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taining 23 per cent. nitrogen, and concluded, from comparison of the 
behaviour of this compound with iron and steel containing nitrogen, 
that this element existed in iron and steel combined with the iron to 
form nitride. 

The experiments on iron nitride described in the present paper may 
be divided under the following heads :— 

1, Preparation. 

2. Analysis. 

3. Determination of physical properties. 

4, Investigation of action of various reagents on the substance. 

5. Determination of the temperature of decomposition and heat of 
formation of iron nitride (see Fowler and Hartog, this vol., p. 299). 

The experiments have confirmed the results of Stahlschmidt in 
almost every particular, and various new facts have been ascertained, 
conclusions from which have been dealt with below. 


Preparation of Iron Nitride. 


This was accomplished by three methods : 

(a) By the action of ammonia on ferrous chloride or bromide. 

(6) By the action of ammonia on finely divided iron. 

(c) By the action of ammonia on iron amalgam. 

Preparation of Ammonia.—As large quantities of ammonia were 
required in this research, a ready method of preparing the gas pure and 
dry was necessary. The best plan was found to be a modification of 
one described by Neumann (J. pr. Chem., 1888, [ii], 37, 342). A strong 
solution of ammonia (sp. gr. 0°88) is allowed to drop from a tap funnel 
upon solid caustic soda contained in a glass tower, from the bottom of 
which the solution of the alkali can be drawn off from time to time. 
It was found best to place a pad of glass wool under the end of the 
tap funnel, as the evolution of ammonia is apt to be too violent if the 
solution is allowed to fall directly on to the caustic soda. The ammonia 
gas, thus evolved in a fairly dry state, from contact with the solid 
caustic soda, was passed through three towers, filled partly with sticks 
of caustic potash and partly with granulated soda lime which had 
been previously heated. 

The gas, after passing through the tube in which the nitride is pre- 
pared, was led into an ordinary nitrogen measuring tube containing 
hydrochloric acid, which is prevented by mercury from being sucked 
back. By this means, it was easy to see when the ammonia was free 
from air and also to note the progress of the reactions described below. 

(a) Action of Ammonia on Ferrous Chloride.—The course of the 
reaction was carefully observed, especially with a view to discover 

4: ~-anyhydrazine derivatives were formed. The ferrous chloride, 
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prepared by heating iron wire to redness in a current of hydrogen 
chloride (the unattacked iron was removed by means of a magnet) was 
submitted to the action of ammonia at various temperatures up to the 
melting point of lead, and the products of the reaction, both solid and 
gaseous, were examined. The course of the reaction appears to be as 
follows (Fowler, Chem. News, 1900, 82, 245). 

At low temperatures, one mol. of ferrous chloride rapidly absorbs 
six mols. of ammonia to form a voluminous white mass which gives 
off ammonia again at a temperature of 100°. On further heating 
reduction of the ferrous chloride takes place, resulting in the formation 
of ammonium chloride, iron nitride, and a small quantity of nitrogen, 
No formation of hydrazine compounds or other intermediate products 
could be observed. To prepare the nitride in quantity by this method 
a temperature of about 600° appears to be necessary. 

Ferrous Bromide was prepared and similarly treated, the temperature 
of reaction was not sensibly lowered and the products of analysis were 
analogous (Fowler, Joc. cit.). 

In appearance, the nitride obtained from either ferrous chloride or 
bromide was sometimes like that obtained from reduced iron ; at other 
times, when a higher temperature was used, it was obtained in silvery 
pellicles as described by Stahlschmidt and others. It was found 
difficult to obtain it in quantity free from intermixed ferrous and 
ammonium chloride or bromide ; it was therefore thought better to pre- 
pare the nitride directly by the interaction of iron and ammonia. 

(b) Preparation of Iron Nitride by Interaction of Iron and Ammonia. 
—For this purpose, iron reduced from the oxide obtained by precipi- 
tation and drying was found to be most suitable. As this iron tends 
to be pyrophoric, it was found necessary to complete the reduction of 
the oxide in hydrogen and the conversion of the iron into nitride 
without exposure to air. Ferric hydroxide is reduced by hydrogen in 
a wide glass tube to each end of which narrower glass tubes are fused 
which can be readily connected up with the ammonia apparatus and 
measuring tube outside the furnace. One of the narrower tubes is 
bent in such a way that this part of the apparatus can be conveniently 
detached and suspended on the balance. The hydroxide must be 


heated in hydrogen until no further loss of weight occurs, as it is 


found that if the reduction is not complete, subsequent heating in 
ammonia at a temperature sufficient to form nitride is not sufficient 
completely to reduce the oxide of iron. The last portions of oxide 
mixed with alarge excess of iron apparently require a higher temperature 
for their reduction. It was found in one case, in which care had not 
been taken to completely reduce the oxide in hydrogen, that, after 
heating in ammonia until no further increase in weight occurred, there 
was still a large amount of oxide present, as evidenced by the fact that 
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a black, insoluble residue consisting probably of magnetic oxide was 
left on treating with dilute acid, and also that on heating further in 
ammonia at a higher temperature water was given off. As this steam 
decomposes iron nitride, the presence of oxide of iron acts prejudicially 
to the formation of the latter. 

When the iron is once reduced, it is important that air be as far as 
possible excluded until it has been completely converted into nitride. 
By using pinchcocks upon the indiarubber connections, it is possible to 
connect and disconnect the tubes and insert stoppers without admitting 
an appreciable amount of air. After each weighing, the contents of 
the tube were shaken so as to expose a fresh surface. 

The best temperature for the preparation of iron nitride is that stated 
by Stahlschmidt, namely, just above the melting point of zine (414°). At 
this temperature, hydrogen is rapidly given off on passing ammonia 
over finely divided iron. The almost complete cessation of the evolution 
of hydrogen shows the reaction to be complete. 

If the temperature is raised, it is found, in confirmation of Stahl- 
schmidt’s results, that the percentage of nitrogen in the nitride 
decreased, even if ammonia be passing over. This is explained by 
the fact that iron nitride is decomposed by hydrogen at the same 
temperature as that at which it is formed, ammonia being again pro- 
duced. On raising the temperature, the percentage of hydrogen in the 
gas above the substance is increased by dissociation of the ammonia, 
and the tendency is for it to take up nitrogen from the nitride. By 
allowing hydrogen to pass over the nitride heated in a tube, Stahl- 
schmidt showed (Joc. cit., p. 47) that ammonia is re-formed at this 
temperature, and this result was confirmed. As soon as the tempera- 
ture of the furnace reached approximately that at which nitride 
is formed, ammonia was evolved, and recognised by its precipi- 
tating Nessler’s solution, placed in connection with the end of the 
apparatus. 

The temperature ‘of formation in ammonia, and decomposition in 
hydrogen, of the nitride being the same, the preparation of the com- 
pound is difficult and tedious, and some practice is needed to keep the 
current of ammonia passing at a sufficient pace, as, if hydrogen is 
allowed to accumulate, the formation of nitride ceases. 

It was at first thought that this reaction might be a suitable one 
to study quantitatively at different temperatures as an example of 
mass action. The temperature, however, at which the reaction takes 
Place, and that at which ammonia is dissociated in presence of a 
surface such as powdered iron affords (Ramsay and Young, Trans., 1884, 
45, 88), are too close to admit of satisfactory results being obtained. 
It was found indeed, that even at the temperature of the experiment 
some ammonia is in all probability dissociated. Some of the gas, after 
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passing over the iron and iron nitride formed, was collected in the 
nitrometer and analysed by exploding with air in a Hempel pipette, 
with the following results : 

Expt. I. Expt. II. 


ID case scccdcstcicuceieeel 11:°22cc 11'4eac. 
Tg Es aed ele 50°28 58-0 
i RO eee ae 16:0 16°4 

- hydrogen ... 10°7 10°9 
Pementn. of gn { residual gas.. 0°52 05 


As the gas for analysis was all collected in the space of about 10 
minutes, and as, at the close of the experiment, on allowing the 
apparatus to cool in a current of ammonia for an hour or more after 
driving out the hydrogen from the apparatus, practically the whole of 
the gas was absorbed by the acid in the nitrometer, the residual gas 
above-mentioned can scarcely be nitrogen derived from air present in 
the apparatus, but must be due to the dissociation of ammonia. It 
seems probable that on passing ammonia over reduced iron at a 
temperature rather above 400°, ammonia is dissociated, the nitrogen 
at the moment of its liberation combining with the iron. A certain 
small proportion, however, will escape combination thus, and pass on 
uncombined along with the hydrogen. Ramsay and Young (/oc. cit.) 
give the temperature at which ammonia begins to dissociate under the 
most favourable circumstances as a little below 500°. The above 
experiments tend to show that dissociation begins at a lower tempera- 
ture under the conditions described. In confirmation of another of 
Ramsay and Young’s results, it may be mentioned that on heating 
ammonia ina sealed tube to a temperature approaching redness no 
decomposition ensued. 

(c) Preparation of Iron Nitride from Iron Amalgam.—Recent in- 
vestigations have shown that iron and other metals, when liberated 
from their amalgams, have specially energetic properties (Guntz, 
Compt. rend., 1892, 114, 115 ; Maquenne, ibid., 25, 220). Accordingly, 
some iron amalgam was prepared by Joule’s method (Mem. Man- 
chester, Lit. and Phil. Soc., 1865, [iii], 2,115). A saturated solution 
of ferrous sulphate was electrolysed by a weak current, a bundle of 
iron wire constituting one electrode, the other being a piece of plat- 
inum foil attached to a stout platinum wire, which was inserted into 
a glass tube filled with mereury, by which connection was made with 
the battery. The platinum foil dipped under mercury contained in 4 
small, deep porcelain dish. On passing the current, iron amalgam is 
formed round the platinum. It is important to use a weak current, 
or the iron is deposited in a powdery state, and does not amalgamate 
with the mercury. The excess of mercury is squeezed from the 
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amalgam, which is obtained of a buttery consistency, and contains 
about 10 per cent. of iron as determined by ignition. Joule’s soft 
amalgam contained 11°8 per cent. of iron. This amalgam rapidly 
blackens in air, even when carefully washed free from acid ; it blackens 
also under water. On drying some of this amalgam and heating in 
ammonia, the mercury was driven off and iron nitride gradually 
formed from the porousiron left. The latter, however, seems to offer 
no advantage over ordinary reduced iron for the preparation of the 
nitride. Doubtless this is to be expected from the character of the 
reaction, there being always the same tendencies to break up the 
nitride formed. A determination of nitrogen in the substance formed 
by long-continued action of ammonia gave 9°16 per cent., showing 
that only partial conversion had taken place. That this percentage 
was taken up by degrees was evident from the fact that after the mer- 
cury was expelled the weight gradually increased on continuing the 
action of ammonia. Also the iron, Obtained after driving off the 
mercury, was readily attracted by a weak magnet, which is not the 
case with iron nitride. The percentage of nitrogen was found to vary 
somewhat between the more and less finely divided portions of 
substance. 

Before leaving the subject of the preparation of iron nitride, it 
should be mentioned that Stahlschmidt unsuccessfully attempted to 
make this compound by heating iron and nitrogen together, and also 
by passing a mixture of nitrogen and hydrogen over heated ferrous 
oxide. His results are therefore at variance with those of Briegleb 
and Geuther and of Rogstadius (loc. cit.). 

This point was investigated in the present research as follows. 
About 7°5 grams of reduced iron were sealed up in a glass tube 30 cm. 
long and 2 cm. diam. in an atmosphere of nitrogen. After heating 
at 180° for 5 hours, and again at 330° for 8 hours, the tube was 
opened under mercury. There was no indication that absorption had 
taken place. On resealing and heating at 420° for 4 hours, and at 
470° for 6 hours, no indication of absorption was noted on opening 
under mercury. It may be concluded, therefore, that under. these 
conditions iron and nitrogen do not combine. 

No attempt was made to obtain iron nitride by electrolysis, as the 
experiments of Classen (Quantitative chemische Analyse durch Elektrolyse, 
1886, p. 55), confirmed by laboratory experience, show that pure iron 
is obtained on electrolysing a solution of ferrous ammonium oxalate. 


Analysis of Iron Nitride. 


That all the nitrogen is converted into ammonia on solution, and 
that the substance consists solely of iron and nitrogen, was proved by 
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analysis of a sample which was used for a determination of the heat 
of formation. In this case, the compound was dissolved in sulphuric 
acid, the iron oxidised by nitric acid, precipitated by ammonium 
hydroxide, and the ferric hydroxide washed, ignited, and weighed. 
In this case, the solution in the calorimeter was diluted to one litre, 
and 500 c.c. taken for analysis. 


0°6625 gave 08466 Fe,0,, Fe=89-4 per cent. 


The nitrogen was determined by distilling the nitride with caustic 
soda, absorbing the evolved ammonia in hydrochloric acid, and es- 
timating as platinum salt. Two determinations were made : 


0°1714 gave 0°2836 (NH,),PtCl, N=10°46 per cent. 
03126 ,, 05791 (NH,),PtCl,. N=10°5 ” 
The composition therefore is Fe = 89°4; N = 10°48 (mean). Total = 99°88 


Although this sample still contained a small quantity of free iron, 
the analysis shows that the nitride most probably dissolved according 
to the following equation : 


2Fe,N + 6H,SO, = 4FeSO, + 2(NH,)HSO, + H,. 


This is rendered certain by further experiments. 

Another sample was analysed in the following manner. A weighed 
quantity was dissolved in hydrochloric acid, evaporated on a water- 
bath with platinic chloride to almost complete dryness, and taken up 
with absolute alcohol. On filtering and washing with absolute alcohol, 
the ammonium platinichloride can be obtained free from traces of iron, 
if care be taken to leave a trace of free hydrochloric acid in the 
evaporating basin before adding alcohol. This method was used 
throughout as allowing of greater accuracy with small quantities than 
a method involving distillation. The following result was obtained: 


0:2020 gave 0°3537 (NH,),PtCl,. N=11:07 per cent. 
Fe,N requires N=11-11 per cent. 


The percentage of platinum found after ignition of the double salt 
was 43°77, the calculated percentage for the ammonium salt being 
43°79. This result shows that only ammonium compounds are formed 
when the nitride is dissolved in acids. 

This conclusion is confirmed by a determination of the hydrogen 
evolved when the nitride is dissolved in sulphuric acid. The determir 
ation was made by enclosing a weighed portion of the substance ina 
small tube and quickly inserting under a gas measuring tube standing 
in a small glass trough. Both tube and trough were filled with dilute 
sulphuric acid. The gas was prevented from escaping from beneath 
the measuring tube by means of a funnel. Correction was made for 
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the amount of air enclosed in the small tube containing the substance ; 
it amounted to 0°3 c.c. 

0:275 gave 23°1 c.c. hydrogen (N.T.P.). The calculated amount is 
244 c.c. assuming the nitride to dissolve according to the equation : 


2Fe,N + 6H,S0, = 4FeSO, + 2(NH,)HSO, + H,. 


Allowing for the fact that a little hydrogen will dissolve, these 
figures are in sufficient agreement with the equation, and show plainly 
that no hydrogen enters into the composition of the nitride and that no 
nitrogen compounds other than ammonium salts are formed by treat- 
ment with acid. 

The iron in the same sample was determined. (a) By treatment 
with nitric acid and subsequent ignition : * 


04215 gave 0°5325 Fe,0,. Fe=88°43 ; calc. 88°88 per cent. 


(b) The nitride was dissolved in sulphuric acid and the solution 
diluted to 250 c.c. and titrated with potassium permanganate (1 ¢.c. = 
5505 mgms. Fe), after reduction of any oxidised iron by means of zinc : 


04833 required 15°6 x 5 c.c. KMnO, (mean of 3 titrations). Fe = 88°82. 
0518 , 166x5ec. KMn0, ” 0” Fe=88:1. 
Fe,N requires Fe = 88-88 per cent. 


No percentages of nitrogen above 11:1 could be obtained, whilst 
any percentage below that could be got according to the time during 
which the iron had been exposed to the current of ammonia. 

These results are fully in agreement with those obtained by 
Stahlschmidt, and confirm his conclusion that only one iron nitride 
exists, and that it has the composition expressed by the formula Fe,N. 


Physical Properties of Iron Nitride. Appearance and Magnetic Qualities. 


Iron nitride, prepared as above described, is a grey powder, of a 
rather duller tone than reduced iron. One of the difficulties in work- 
ing with this substance is that it is impossible from its appearance 
alone to tell whether it is even approximately pure. The powder is 
gritty, and the particles under the microscope have a vitreous appear- 


* Satisfactory results could not be obtained by simply igniting in air, and weigh- 
ing the oxide of iron formed owing to the varying percentages of magnetic oxide 
produced. This source of error seems to have escaped notice by Stahlschmidt, who de- 
termined his iron by simple ignition. By heating with nitric acid and decomposing 
the resulting nitrate, better, but not entirely satisfactory, results are obtained. As 
it isthe practice in some commercial analytical laboratories to incinerate filter papers 
together with an adhering precipitate of iron oxide, whereby iron is reduced and 


subsequently oxidised largely to magnetic oxide, this source of error deserves 
mention, 
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ance differing from reduced iron, which appears powdery. Although 
not attracted by a strong bar magnet, a moderately strong electro- 
magnet readily attracts it. The magnetic property of iron is therefore 
still apparent, even when this element is combined with nitrogen. 

Specific Gravity.—This was determined by means of the specific 
gravity bottle, using benzene and water as liquids for comparison, 
The quantity of iron nitride available for the determination was rather 
small, being about 0°5 gram, so that two results obtained with benzene 
varied from 6°55 to 6°065. 

In each case, concordant weighings only were taken. Using water 
as the liquid for comparison, the value 6°25 was obtained. A deter- 
mination made at the same time of the specific gravity of reduced iron 
gave the value 7°89. The above value for the sp. gr. of iron nitride 
is rather higher than the number 5 given by — for the nitride 
described as a white, brittle mass. 

It is of interest to compare the following sp. gr., taking in all cases 
the highest value recorded : 


Reduced iron............++ 7°89 Magnetic oxide, Fe,0, ... 5:2 
Tron nitride, Fe,N ........ 6°25 Ferric oxide, Fe,0, ....... 517 


Taking the molecule of iron to be diatomic, we get the following 
values for the atomic volumes : 


TE NSbvie havidneeietancdibes 71 Of FAQ sic ssnesicrnes cess 58 
Nitrogen in Fe,N......... 59 Obs Bay 000 c0ssie cessed ses 56 


Chemical Reactions of Iron Nitride. 


Oxidation.—Air or oxygen dried by sulphuric acid was passed over the 
nitride contained in a boat placed in a L. Meyer constant temperature 
furnace. The escaping gas was passed into potassium iodide. On 
heating to 120°, a slight liberation of iodine took place (about 5 milli- 
grams), and there was a gain in weight of about 3 milligrams on half 
a gram of the substance. Oxidation became visible at 200°, brown 
ferric oxide being formed; there was no increase, however, in the 
amount of iodine liberated. The nitrogen therefore appears not to 
suffer appreciable oxidation under these conditions, the slight libera- 
tion of iodine being possibly due to nitric peroxide produced by the 
oxidation of a trace of ammonia occluded in the nitride. 

Chlorine.—The action of chlorine was examined by placing some of 
the nitride in a boat enclosed in a tube, and passing chlorine over 
after displacing the air by carbon dioxide. Any nitrogen given of 
could then be recognised by passing the gases through strong potash 
solution contained in an ordinary nitrogen measuring tube. Th 
nitride takes fire in chlorine on slightly warming, or sometimes spo0- 
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taneously, ferric chloride being produced and nitrogen evolved. There 
is no evidence of the formation of nitrogen chloride, said to be produced 
when chromium nitride is similarly treated. 

Bromine.—Bromine attacks the nitride only slowly, even on warming, 
and as ammonium bromide was always found in solution after action 
had taken place, it is probable that the reaction is chiefly brought 
about by the trace of hydrobromic acid contained in the bromine. 

Iodine.—An ethereal solution of iodine has no action on iron 
nitride, 

Hydrochloric and Sulphuric Acids.—The action of these acids in the 
diluted condition has already been described, namely, the nitride is 
dissolved, ferrous and ammonium salts being formed, and hydrogen 
liberated. 

Mitric Acid.—This acid, even if strong, acts only slowly. Its action 
was not exhaustively studied, as it must vary much according to the 
strength. The main reaction, doubtless, is the formation of ammonium 
nitrate and the products of the action of nitric acid on iron, 
nitrous or nitric oxides being formed according to the strength of the 
acid. No great evolution of nitrogen peroxide takes place on warming 
with moderately concentrated nitric acid. 

Hydrogen Chloride.—It is interesting to note that, whilst hydro- 
chloric acid rapidly attacks the nitride in the cold, gaseous hydrogen 
chloride only begins to attack it at about 220°, the action becoming 
rapid at 350°, complete conversion into ferrous chloride and ammonium 
chloride taking place. 

Nitric Oaide.—The action of nitric oxide was examined in order to 
compare the temperature of oxidation with that at which free oxygen 
begins to act on the substance, and also to see whether the nitrogen 
which would be evolved in such a reaction differed in its properties 
from ordinary nitrogen. 

Itseemed possible that the following reaction might take place: 


Fe.N + 2NO = 2FeO + N,. 


In view of the opinion put forward by Berthelot and others that 
argon may be condensed nitrogen of the formula N,, it became of 
interest to examine the gas given off in the experiment to see whether 
such a condensation occurred under these conditions. 

Oxidation began at about the same temperature as in oxygen, namely, 
at about 120°, becoming rapid at 170°; the gas evolved was collected, 
and, after removal of the nitric oxide by ferrous sulphate solution, was 
sparked with oxygen over potash, being practically all absorbed, 
It may be concluded therefore that the gas produced when nitric oxide 
acts upon iron nitride is ordinary nitrogen. 

Action of Carbon Monowxide.—On heating the nitride to a tempera- 
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ture approaching redness in a current of carefully purified carbon 
monoxide, freed from moisture, oxygen, and carbon dioxide by passing 
successively through strong sulphuric acid, red hot copper gauze, 
potash, and strong sulphuric acid, a slight loss of weight took place 
and the substance darkened somewhat in colour. On passing the gas 
into lime water, a precipitate of calcium carbonate showed that carbon 
dioxide had been formed. This may either result from the reduction 
of a trace of oxide in the substance or from the decomposition of the 
carbon monoxide, the darkening above-mentioned being due to de- 
position of carbon as in the experiments of Lowthian Bell. On passing 
the escaping carbon monoxide into potash solution, no cyanogen com- 
pounds could be detected in the latter, so that the nitrogen does not 
appear to combine with carbon under these conditions. Possibly 
some iron cyanide may be formed, but this was not looked for at the 
time. 

Carbon Diowide.—It was thought at first that the temperature of 
decomposition of the nitride might be found by heating in carbon 
dioxide. Accordingly, some of the compound was heated in this gas in a 
tube surrounded by vapour of mercury, and afterwards by that of boiling 
sulphur. At the temperature of the latter, 448°, the nitride was 
oxidised, as could be judged by the change in appearance and the 
increase in weight. 

In another experiment, the compound was strongly heated in a boat 
placed in a tube through which a current of carbon dioxide was passed, 
the escaping gas being collected over potash. It was found to consist 
chiefly of carbon monoxide, some nitrogen, however, being left after 
absorbing the carbon monoxide with ammoniacal copper solution. No 
definite equation can be given for this reaction, as the increase in 
weight observed in the nitride may be due partly to deposition of 
carbon as well as to oxidation. Assuming, however, magnetic oxide to 
be formed on oxidation, the ratio between the nitrogen and carbon 
monoxide should be rather more than1 to 5. Out of 17°8c.c. taken 
for analysis, 3°4 were not absorbed by copper solution, giving approxi- 
mately this ratio. The temperature at which nitrogen is given off in 
this way was roughly determined by noting the behaviour of salts of 
known melting point placed in small pieces of platinum foil on the 
heated tube. As the temperature was above the melting point of lead 
chloride and about that of calcium chloride, 530° may be taken to re- 
present the temperature at which iron nitride is oxidised by carbon 
dioxide. It is possible that the nitride used contained small quantities 
of free iron, but as more than 10 per cent. of nitrogen was present and 
as any finely divided iron present is rapidly oxidised in air, the amount 
of free metal present could be but small. 

Action of Hydrogen Sulphide.—On heating with hydrogen sulphide, 
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increase in weight took place, and a strong smell of ammonia was 
noticed in the soda-lime used to absorb the excess of hydrogen sulphide 
at the end of the tube. 

The hydrogen sulphide was obtained pure by heating a solution of 
magnesium hydrosulphide. The substance left in the boat after heat- 
ing in hydrogen sulphide contained iron sulphide, as it evolved hydrogen 
sulphide on treatment with an acid. The reaction taking place when 
hydrogen sulphide is heated with iron nitride is evidently expressed 
by the equation : 


2Fe,N + 6H,S = 4FeS + 2NH,HS + H,. 


The temperature at which this reaction occurs was approximately 
ascertained by heating the nitride in a current of hydrogen sulphide 
in a test-tube immersed in a bath of sulphuric acid. The gas, after 
passing over the nitride, was conducted into a neutral solution of 
ferrous sulphate. As soon as ammonia was formed, ferrous sulphide 
was precipitated. This took place at about 200°. Hydrogen sulphide 
alone was found not to precipitate neutral ferrous sulphate. 

Action of Steam.—When the nitride was heated in a current of 
steam, kept at 100° by a bath of boiling water, a very slight evolution 
of ammonia was noticed, the litmus paper being slowly but continu- 
ously turned blue. 

Behaviour with Carbon.—On heating iron nitride with carefully 
purified sugar charcoal (freed from hydrogen by chlorine) in a tube 
closed at one end and passing any evolved gas into potash, no reaction 
for cyanides could be obtained in the latter. The nitrogen in the 
nitride appears therefore to have no tendency to combine with ‘carbon 
either in the free state or as carbon monoxide. In presence of sodium, 
however, the two elements combine and sodium cyanide is formed. 
On heating a small amount of the nitride with pure charcoal and a 
small piece of freshly cut sodium, a reaction takes place, and on dis- 
solving out in water a strong Prussian blue reaction is given on 
adding a mixture of ferrous and ferric salts and acidifying. The 
reaction was not given after heating the charcoal and sodium alone. 

Copper Sulphate.—Neutral copper sulphate solution is without action 
on iron nitride; on slight acidification, copper is precipitated, the 
nitrogen going into solution as ammonia. 

Phenol.—In order to compare the action of phenol, as a typical 
substance of slightly acid nature, with the behaviour of ordinary 
mineral acids, the nitride was heated with phenol in a sealed tube at 
220°. No appreciable change took place, no pressure was created in 
the tube, and the substance after extracting with ether and washing 
was unaltered in appearance. The weight of nitride obtained after 
the treatment differed only slightly from the weight taken for experi- 
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ment. It may be concluded therefore that phenol and compounds of 
a like nature are without action on iron nitride. 

Ethyl Iodide.—In order to ascertain whether amines would be pro- 
duced by the action of ethyl iodide on the nitride, the two compounds 
were heated together in a sealed tube. Up to 150°, no action took 
place, judging by the absence of pressure in the tube, on opening after 
it had been exposed to that temperature. After heating for some 
time to 200—230°, considerable action took place, blackish, iodine-like 
crystals being formed and much gas produced. This gas was collected 
by breaking the end of the tube under a piece of indiarubber tubing 
communicating with a laboratory tube. On analysis of the gas in the 
Hempel apparatus, it was found to consist of olefines to the amount of 
one-third and a slight trace of paraffins, in addition to the air pre- 
viously in the tube. 

On boiling the crystals above mentioned with caustic soda, ammonia 
was evolved and iron hydroxide formed. -On distilling with caustic 
soda, collecting the escaping gas in hydrochloric acid, and evaporating 
this solution with platinic chloride, a platinum salt was obtained which 
on ignition gave Pt=44°9 per cent. (NH,),PtCl, requiring Pt = 43-7. 
No amines are therefore formed in this reaction, which is probably as 
follows : 


2Fe,N + 100,H,I = 2NH,I + 100,H, + 4Fel, + H,, 


Action of Hydrogen Perowide in Presence of Acid.—It was thought 
of interest to study the simultaneous action of an acid and an oxidising 
agent on iron nitride, in order to see whether in such a case the 
nitrogen would be wholly converted into ammonia, become partially 
oxidised to hydroxylamine, or partially escape in the free state. 
Weighed quantities of nitride, containing 9 to 10 per cent. of nitrogen, 
were therefore treated with a mixture of hydrogen peroxide and sul- 
phuric acid, excess of hydrogen peroxide being used. The nitrogen 
was determined in solution after dissolving, by distilling with caustic 
soda, collecting the evolved gas in hydrochloric acid, and determining 
the ammonia as platinichloride. 

The nitrogen was also determined in a similar sample dissolved in 
acid without hydrogen peroxide. The results obtained show conclu- 
sively that most, at any rate, of the nitrogen is not oxidised. In one 
comparison, the percentages of nitrogen found in the two experiments 
were almost exactly the same, namely, 8°82 without and 8°73 with 
hydrogen peroxide. Analysis of the gas evolved on solution of iron 
nitride in a mixture of sulphuric acid and hydrogen peroxide showed 
that it consisted chiefly of hydrogen and oxygen. The small amount 
of residual gas was not enough to lead to the conclusion that nitrogen 
had escaped conversion into ammonia. 


HEAT OF FORMATION AND CONSTITUTION OF IRON NITRIDE. 299 


Temperature of Decomposition of Iron Nitride.—A minimum value 
for this was obtained by heating the substance in a current of nitrogen. 
Up to the temperature of boiling sulphur, 448°, no change in weight 
took place. A very slight loss occurred at a temperature approaching 
dull redness. The temperature of decomposition must therefore cer- 
tainly be above 600°. 
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XXX.—The Heat of Formation and Constitution of Iron 
Nitride. — 


By Gitpert Joun Fow er, M.Sc, (Vict.), and: Pattie JosepH Harroa, 
B.Sc, (Lond, and Vict.). 


WuEN iron nitride is dissolved in dilute acids, it is decomposed and 
yields salts of iron and of ammonium, hydrogen being evolved at the 
same time. These reactions offer a convenient method for the deter- 
mination of the heat of formation of the nitride. Dilute sulphuric 
acid was found more suitable than hydrochloric acid for the purpose. 
The equation corresponding to the reaction is as follows (Fowler, this 


vol., p. 292) : 
2Fe,N + 6H,S0,,aq = 4Fe,SO,,aq + 2NH,HSO,,.q + H,. 


Experimental Details. 


The acid used contained 49 grams of H,SO, to the litre. Six 
hundred grams were introduced into a platinum calorimeter provided 
with a cover and supported on three corks inside a Berthelot water- 
jacket. The liquid was agitated by a platinum screw-stirrer revolving 
about four times a second, and a regular current of nitrogen was led 
through the liquid to prevent any oxidation of the ferrous sulphate 
formed. The thermometer used was one by Baudin (No. 12770), 
graduated to fiftieths of a degree. 

After observing the thermometer during a preliminary period until 
the rate of change was steady, the iron nitride was introduced, and 
readings taken every minute until the rate of change was again 
steady. The reaction is a somewhat slow one; in the three experi- 
ments made, the time needed for complete solution was 31, 44, and 50 
minutes respectively. The correction was calculated graphically by 
the Regnault-Pfaundler method, and the agreement of the three 
results shows that the determinations are satisfactory in this respect. 

y¥ 2 
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The solution yielded only the faintest possible coloration with potassium 
thiocyanate at the conclusion of the experiments. 

The specific heat of the final solution was taken to be equal to that 
of the solution of sulphuric acid used ; this involves no appreciable 
error. One hundred grams of the solution, according to Kolb 
(Landolt and Bérnstein, Zabellen, 1883, p. 140), contain 4:8 of H,SO, ; 
hence its composition is H,SO0,,108H,O. The specific heat was calculated 
by the formula of Mathias, from Thomsen’s experiments (Journ. de 
Physique, 1889, [ii], 8, 204), e=(a+n)/(b+n) where a=2-407, 
b=7-074 and n=108. This gives c=0°9603 and the equivalent in 
water of 600 grams of acid =576:1. 

A further correction had to be made for a small amount of iron 
existing in the nitride. The specimen used contained 94:22 per cent. 
of Fe,N and 5°78 of Fe. The heat of solution of iron in dilute 
sulphuric acid was taken from Thomsen’s determinations as 24:84 
Cal. for 56 grams. 

The following are the details of the experiments : 
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The mean for the three determinations is 81°56. 


* Account has been taken in the calculation of the fact that the substance only 
contains 94°22 per cent. of nitride and 5°78 per cent. of iron. 


Calculation of the Heat of Formation of Iron Nitride. 


If we start from a given initial system and pass to a given final 
system by two different cycles of transformations, we may assume 
that the total heat evolved is in both cases the same. 

We take as the initial system 2Fe+N+6H+38+120+aq. 

i » final system 2FeSO,,aq.,+NH,HSO,,aq. +H. 


Thermal value 
Cycle I. of reaction. 


Fe, +N =  Fe,N x 
3(H,+8+0,)+aq.= 3H,SO,,aq. 3a, 
Fe,N +3H,SO,,aq. = 2FeSO,,aq.+NH,HSO,,aq.+H 81°56 


* If Marignac’s determinations of specific heats are used c=0°9578. 


CONSTITUTION OF IRON NITRIDE. 301 


Thermal value 
Cycle II. of reaction. 
2Fe + 2S + 80 + aq. = 2FeSO,,aq. 2a, 
N+6H+8+40+aq. = (NH,HS0,,aq.) +H as 
FeSO,,aq. + NH,HSO,,aq. FeSO,,aq. + NH,HSO,,aq. 0* 


We have the equation x= — 3a, +2a, +a, — 81°56. 

According to Berthelot, a,=210°1 Cal., a,=234°9 Cal., a,= 245-1 
Cal, , 

According to Thomsen, a, = 210°77 Cal., a, = 2356 Cal. 

If we adopt all Berthelot’s values, we find z= 3°04 Cal. 

If we adopt Thomsen’s values for a, and a,, and Berthelot’s for as, 
w= 2°43 Cal. 

It would require careful investigation of the data on which Thom- 
sen’s values are based to see if the latter method of calculation is 
justifiable and does not involve the use of two different values for 
the same thermal constant.t We prefer to adopt the number 3°04 
Cal. 

The heat of formation -of iron nitride being so small, we might 
expect it to behave towards reagents in much the same way as free 
iron, yet although it is attacked’ by chlorine, as one of us has shown 
(Fowler, Joc. cit.), neither bromine nor iodine has any action on it. 
This fact is remarkable. 4 


It is impossible at present to determine the molecular weight of 


iron nitride. The formula Fe,N is obviously irreconcilable with 
received theories unless we make the gratuitous assumption that 
1 atom of iron is tervalent and the other bivalent, the nitrogen being 
quinquevalent. It seems more probable that the molecular formula is 


Fe,N,, the constitution being : 
Fe Fe 
F - Fe 


The thermochemical apparatus used belongs to the Royal Society, 
and was bought from a grant made to one of the authors for other 


calorimetrical work. 


THe Owens COLLEGE, 
MANCHESTER. 


* The heat of solution of ferrous sulphate first in water and then in a solution of 
ammonium sulphate was determined, and the difference was found to be 0°05 Cal. 
With a solution of hydrogen ammonium sulphate, the difference would probably 
have been even less, as ferrous sulphate does not form a double salt with this com- 
pound. The thermal value of the reaction has therefore been neglected in the 
calculations, as the error committed is less than the inevitable error of experiment. 

t The data quoted are taken from Berthelot’s Thermochimie, 1897. 
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XXXI.—The Preparation of Iodie Acid. 


By ALEXANDER Scott and WILLIAM ARBUCKLE. 


In a note on the preparation of iodic acid appended to the first part 
of his “‘ Vouvelles Recherches,” Stas states that the yield of iodic acid 
obtainable by oxidising iodine by means of nitric acid has been much 
exaggerated, and that the quantity of pure iodic acid obtained does 
not represent a quarter of the iodine employed. If this statement is 
correct, the question arises, What becomes of the rest of the iodine! 
Experiments were therefore made to test its truth. Into a round 
bottomed flask with a very long neck, 100 grams of iodine were placed, 
and boiled-gently with nitric acid (sp. gr. 1°5) repeatedly renewed, 
the more or less spent acid being removed each morning and replaced 
with strong acid. In order to oxidise all the iodine this had to be 
continued for about ten days of eight hours each. By careful regu- 
lation of the flame so as to minimise the loss of iodine due to its being 
carried off with the steam and oxides of nitrogen, 102 grams of iodic 
acid were obtained, that is, about 74 per cent. of the iodine employed 
had been obtained as iodic acid. 

As this method is very tedious and, even as carried out above, 
wasteful both as regards iodine and nitric acid, other forms of ap 
paratus were tried with varying degrees of success. 

The first apparatus employed was a Soxhlet’s fat extraction ap- 
paratus, all the joints being glass to glass, the iodine being treated as 
if it had to be extracted, and the fuming nitric acid placed in the 
flask. In the first experiment, 20 grams of iodine and 150 c.c. of 
fuming nitric acid were employed, and 26 grams of iodic acid were 
obtained (93 per cent.). Next 50 grams of iodine and 200 cc. of 
nitric acid were employed and 60 grams of iodic acid obtained (86 per | 
cent.). The action was rapid, the only, but very serious, objection to 
this form of apparatus being the liability of the narrow siphon tube 
to become choked by the deposition in it of crystals of iodic acid. 
When this occurs, the operation must of course be stopped. 

By varying the diameter of the tubes, some improvements were 
effected, but, as much simpler and more efficient forms of apparatus 
have been devised, it is unnecessary to describe these intermediate 
forms. 

The best form of apparatus is a flask like that recommended for the 
preparation of pure hydrobromic acid (Trans., 1900, '7, 649), but 
having the tube C sealed to a reflux condenser; through B a tube 
is fitted (by means of a small piece of rubber tubing) by which a 
current of oxygen may be passed through the boiling acid, the point 
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of the tube reaching almost to the bottom of the flask. With this 
apparatus, iodine in fine powder boiled with ten to twelve times its 
weight of nitric acid (sp. gr. 1°5) is completely converted into iodic 
acid in from twenty minutes to half an hour. 

The other and more easily obtainable form of apparatus is a long 
necked flask such as was employed in the first experiment. In the neck 
of this flask is inserted a condenser of the well-known form made of quill 
tubing bent so as to form a long double U-tube and a brisk current of cold 
water is kept circulating through it. A current of oxygen should be 
passed through the acid during the oxidation, care being taken that the 
tube very nearly touches the bottom of the flask, otherwise very violent 
bumping takes place owing to the heavy deposit of iodic acid crystals. 
With this apparatus, to get the reaction to go completely and 
quickly, a greater proportion of nitric acid is required. More- 
over, it does not work well with larger quantities than 20 grams 
of iodine at a time, as the following results show: 20 grams of iodine 
gave 27 grams of iodic acid in 25 minutes, but from 40 grams of iodine 
only 49 grams were obtained after oxidation for an hour. A current 
of air is also of assistance if oxygen is not available, but either a 
somewhat larger proportion of nitric acid or a longer time must be 
employed to complete the oxidation. 

Experiments in which the iodine was volatilised in the current of 
oxygen and passed as vapour into the boiling nitric acid were 
tried, but without much success, 
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XXXIIl.—The Reaction between Ethyl Alcohol and 
Hydrochloric Acvd. 


By Tuomas Siater Pricz, D.Sc. (late 1851 Exhibition Scholar). 


Various chemists have studied the velocity of formation of esters and 
the equilibrium attained ; among them may be mentioned Berthelot 
and Péan de St. Gilles (Ann. Chim. Phys., 1862, [iii], 65, 385 ; 66, 5 ; 
1863, 68, 225) ; Guldberg and Waage (J. pr. Chem., 1879, [ii ], 19, 69) ; 
van’t Hoff (Ber., 1877, 10, 669); Villiers (Ann. Chim. Phys., 1880, [v ], 
21, 72) ; Cain (Zeit. physikal. Chem., 1898, 12, 751); Petersen (ibid., 
1895, 16, 385) ; Tafel (cbid., 1896, 19, 592); Knoblauch (ibid., 1897, 
22, 268) ; and Goldschmidt (Ber., 1895, 28, 3218; 1896, 29, 2208; 
Zeit. physikal. Chem., 1899, 31, 343). 
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Berthelot’s attempt to apply a mathematical formula to the velocity 
of reaction was not quite successful, as was also the case with the 
application of the law of mass action by Guldberg and Waage. 

Van’t Hoff attacked the question independently of Guldberg and 
Waage, and on the assumption that the velocity of reaction was pro- 
portional to the product of the active quantities of the substances 
present, he deduced the ordinary velocity equation for a reversible 
reaction, namely : 


aa h(A- ~ «)(B- 2) —k,(C +2)(D +2) 


where A, B, C, and D are the concentrations * of the alcohol, acid, 
ester, and water respectively, at the commencement of the reaction ; 
z is the quantity of ester formed after the time 0, and &, and &, are 
velocity constants. 

This gives for the state of equilibrium : 


op hi(d ~ &)(B ~ €) - he(C+8)(D + £)=0 
(A - (B= £)_by_ 


(C+E(D+E) hy 
where =quantity of ester which has been formed in addition to the 
amount started with. 

On applying this equation to the experiments of Berthelot, the agree- 
ment between theory and experiment was fairly satisfactory. 

Knoblauch (/oc. cit.) finally proved the complete applicability of this 
velocity equation in the case of the action of acetic acid on ethyl 
alcohol. Both the direct and reverse reactions were studied, and the 
results agreed with theory. 

The reaction is, however, always more complicated than is repre- 
sented by the first equation given above, as other factors have to be 
taken into account, as, for example, the possible catalytic effect of the 
hydrogen ions of the acid. Knoblauch got rid of this difficulty by 
adding a known amount of a strong mineral acid (hydrochloric acid), 
thus keeping the number of the hydrogen ions constant, as the dis- 
sociation of the acetic acid is small, and would be still further reduced 
by the presence of the hydrochloric acid. The latter, at 25°, does not 
take any part in the reaction, and simply acts as a catalyser. 


* The concentration is assumed to be proportional to the active quantities. This 
is only strictly true in dilute solution, compare p. 310. 
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The Case of Equilibrium. 


Berthelot and St. Gilles have shown that in the case of organic 
acids the point of equilibrium is independent of the temperatwre. The 
value of 1/a=k,/k, which they found for ethyl alcohol and acetic acid 
was 4, Knoblauch found for the same 2°74, but his experiments 
were carried out in aqueous solution, whereas Berthelot and St. 
Gilles obtained their results by mixing the pure acid and alcohol. He 
does not give any explanation of this difference, but in a footnote 
merely says “ Durch den Zusatz der Chlorwasserstoffsiure nimmt 
also k,/k, einen kleineren Wert an.” 

Goldschmidt has further studied the same reaction and obtained a 
similar result, using picric acid as a catalyser, the value of the constant 
(1/a) increasing with increase of concentration of the picric 
acid. He also made an experiment with a normal solution of 
hydrochloric acid (Knoblauch used acid of a strength less B 
than normal) and found the value 3°46. 

In the case of the equilibrium attained when mineral acids 
act on the alcohols, the effect of temperature is very different 
from the above. Villiers found in the case of the action 
of hydrochloric, hydrobromic, and hydriodic acids on alcohol, 
that the amount of ester formed increases with the tempera- 
ture, that is, a diminishes as the temperature rises. It can 
also be shown from his results that a is variable. 

Cain applied Guldberg and Waage’s law to the equilibrium 
attained in the reaction between hydrochloric acid and ethyl - 
alcohol, and found that the values of 1/a so obtained varied 
between 7°49 and 8°80. 

As the results obtained by former investigators for the 
equilibrium constant between ethyl alcohol and hydrochloric 
acid varied so much, it was necessary for me to make some 
independent determinations. 

The method of preparing and storing the reaction mix- 
ture was similar to that of Cain (loc. cit.), dry hydrogen 
chloride being passed into the anhydrous alcohol. Drying tubes were 
always interposed between the stock solution and the outside air. 

The reaction tubes were of the shape shown in the diagram. The 
reservoir A had a volume of from 2 to 3 c.c., B and C were capillary 
tubes with constrictions at 6 and ¢ to facilitate sealing off. The tubes 
were all thoroughly cleaned with chromic acid mixture, and then 
steamed out for about 15 minutes each tube. The method of filling 
from the store flask was as follows. The end C was put down into 
the reaction mixture (compare Cain, Joc. cit.) and the solution forced 


Fie. 1. 


b 


806 PRICE : THE REACTION BETWEEN 


up into A until the reservoir was nearly full. The tube was then 
taken from the flask and sealed off at 6 ; this left C full and A nearly 
full of the solution. It was allowed to stand until the glass at b 
was cool, then inverted and immersed in broken ice, and after an 
interval, about half the solution which remained in the capillary tube 
C was drawn into the reservoir 4 The tube was then taken out of 
the ice and A warmed with the hand until the solution in the 
capillary was driven past the constriction c, where it was then sealed 
off. By this means any of the solution which had come in contact 
with the air and could thus have absorbed moisture was rejected, as 
diffusion through the capillary would take place very slowly. Thus 
only a reaction mixture which was free from moisture came into use. 

The amount of solution in each tube was measured by weighing 
it before and after filling. The strength of any solution was then 
found by titrating the contents of any one tube with standard baryta 
solution. The filled tubes were kept at 0° (at which temperature the 
reaction does not proceed) until required. Aqueous solutions were 
prepared by running some of the anhydrous solution into a weighed 
quantity of cold water. The accuracy of this method is shown by the 
following figures : 


61:2879 grams of a solution of 33 equivalents of hydrogen chloride 
in 100 equivalents of alcohol were mixed with 20°4669 grams of water. 
The composition of the mixture (in equivalents) is then calculated to 
be 100C,H,°OH : 33°00HCl1: 107°66H,0, and in 1 gram of the mixture 
there should be 0°1554 gram HCl. The HCl found was 0°1553 gram. 


A constant temperature was obtained by means of thermostats of 
the form described in Ostwald’s “ Hand- und Hilfs-buch,” pp. 61—62. 
Experiments were carried out at 77°, 99°, and 129°5°. : 

In making a determination of the equilibrium, there are several 
factors to be taken into account. Berthelot and St. Gilles have shown 
that pressure has very little influence on the equilibrium, an increase 
of pressure of 80 to 90 atmospheres scarcely affecting the result. On 
the other hand, the volume of the space in which the reaction takes 
place is of great importance, especially at high temperatures, when 
the constituents can assume the vapour phase, the esterification then 
tending to become more complete. This effect of volume is clearly 
shown by the results recorded on p. 307 in which the mixture used 
contained 100 alcohol :31°83HC1 (equivalents). 

Thus, when the tube is two-thirds or more full, the value of a remains 
constant ; otherwise it increases as the volume occupied by the mixture 
decreases. In all determinations, care was therefore taken that the 
tubes were about three-quarters full. 

In order to be certain that equilibrium had been reached, separate 
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Temp. =99°. Time of heating=5 days. 


Weight of mixturein tube. | Vol. of tube occupied. a (equilib. const. ), 


1°0963 grams One-third 0°197 
1°6994_ ,, One-half 0'184 


2°2995_ =i, Two-thirds 0°179 
2°8069_ sé, Four-fifths 0°177 


tubes were heated for different lengths of time in order to see if the titre 
of the acid remained constant. To show the measure of accuracy 
obtained, one experiment is given in detail : 


Weight of mixture. | Time of heating. ae Titre for 1 gram. 


2°4620 grams 96 hours 
1°9837 _,, 
2°0298 ,, 
19627 ,, 


In measuring the strength of the solution, 1000,H,OH : 33HC1 
(equivalents), the following were the figures obtained : 


Weight of mixture. Titre in c.c. baryta. Titre for 1 gram. 


2°1289 grams 78°01 36°64 
2°0499 ,, 75°20 86°69 


2°4794 ,, 90°85 36°66 
23420 ,, 86°15 36°78 


The accuracy of the measurements is thus all that could be desired. 

The following tables give the results of different experiments. The 
first three columns give the composition of the mixture started with ; 
the next four give the composition when equilibrium was reached, and 
the last column gives the values of a so obtained. The compositions 
are all expressed in equivalents : 
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Equilibrium at 99°. 


HCL . |\C,H,°OH.| HCl | C,H,Cl. | H,0. 


30°74 30°74 
24°18 131°84 
28°72 55°82 
29°05 29°05 
27°77 49°85 
27°40 59°37 
29°59 29°59 
27°42 75°31 
28°32 52°09 
29°61 29°61 


33°00 69°26 
33°00 75°82 
33-00 71°28 
31°16 70°95 
31°16 72°23 
31°16 72°60 
31°83 70°41 
31°83 ‘89 || 72°58 
31°83 71°68 
31°83 | 70°39 


BO 09 Hm BO 69 CO bO HH OO DD 
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Average a=0°176, rejecting the results when two layers were formed. 


21°79 21°79 
24°01 24°01 
22°91 42°68 
22°10 60°87 
23°44 23°44 
22°92 22°92 
21°98 41°51 
21°73 47°38 


100 23°17 78°21 
100 25°74 75°99 
100 25°74 77°C9 
100 25°74 77°90 
100 25°18 76°56 
100 24°66 77°08 
100 24°66 78°02 
100 24°66 78°27 


BO BS Rt et 9 BO et ee 
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Average a=0°230. 


* Two layers formed. 


Equilibrium at 77°. 


In this case the tubes were heated for five weeks in order to be sure 
that equilibrium was reached; to make additionally certain, some of 
the tubes were first heated for a few days at 99° and after that at 77°. 
The following will indicate the agreement obtained : 


Wt. of mixture. Time of heating. |Titre in c.c. baryta.| Titre for 1 gram. 


2'1442 grams April 13—May 15 8°62 4°02 
22207 ,, April 13—15 at 99° 9°01 4°06 
and then until 


2°3375_—s, May 15 at 77° 9°40 4°02 


HCl. | 0,H,OH. | 0H, Cl. 


23°17 79°34 : + 20°66 
25°74 76°98 . 23°02 
31°16 | 72°14 F 27°86 
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Later on some fresh determinations were made, the temperature in 
this cas€ being 76:3—76°5°. 


Equilibrium at 76°5°. 


C,H,"OH. | HCl | ©,H,Cl. | H,0. 


| 


91°29 
87°36 
85°12 
81°43 
79°24 
75°91 
74°52 
63°43 


8°71 8°71 
12°64 12°64 
14°88 14°88 
18°57 18°57 
20°76 20°76 
24°09 24°09 
28°86 28°86 
36°57 36°57 


CO CO BD DO et et ee 
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case a has been calculated according to the formula 


_ alcohol x acid 
ester x water’ 


where alcohol = concentration of alcohol expressed in equivalents, and 
similarly for acid, ester, and water. 


The results at 99° have been arbitrarily divided into two series, for 
one of which the average of a is 0°176, and for the other 0°230; the 
concentration of the hydrochloric acid -in the reaction mixture used 
(column 2) remains practically the same throughout each series, but 
it is different in the two series. Accompanying this difference is a 
variation of a from 0°176 to 0°230. The variations in each series are 
irregular, and are probably for the most part within the limit of the 
error of experiment. 

The parallelism between the concentration of the hydrochloric acid 
(column 2) and the value of a no longer holds if we take the concen- 
trations of the acid when equilibrium was reached, as will be seen by 
comparing the numbers in the fifth column of the table for 99°. 
Similar results were obtained at 129°5°, but the figures are not given 
as they are not so trustworthy, owing to the formation of two layers. 
This variation of a with the amount of hydrochloric acid present is shown 
much better by the determinations at 77° and 76°5°, as at these tempera- 
tures the value of a is much more sensitive to alterations in the concentra- 
tion of the hydrochloric acid than is the case at higher temperatures. 
The curves given in Figs. 2 and 3 illustrate these results, and do not 
need further explanation. From them we can deduce that “the value 
of a decreases with increasing concentration of the hydrochloric acid.’ 
This is true whether we take the concentrations of the acid at the 
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beginning of the experiment (Fig. 2), or when equilibrium is reached 
(Fig. 3). 

There are several causes which may bring about this result. The 
concentrations of the alcohol, acid, &c., have been taken as represent- 
ing their active quantities, and the equation for the equilibrium constant 
was developed on this assumption. This is, however, only strictly 
true in dilute solutions. Arrhenius (Zeit. physikal. Chem., 1899, 28, 
317) has shown that better results are obtained when the osmotic 
pressure is used instead of the concentration ; owing to the lack of 
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the necessary data, it is impossible to put this to the test. It is 
doubtful if this would account for the variations in a, as van’t Hoff 
has shown that in the analogous case of alcohol and acetic acid fairly 
good constants are obtained. 

Alcohol has a tendency to form double molecules ; the same is true 
of water, but to a much greater extent, and this may affect the value 
of a. In each series at 99°, however, the presence of water does not 
seem to affect the value of a, as it should do when so many double 
molecules are calculated as single ones, 
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The variation of the medium and the catalytic éffect of the hydrogen 
ions will be discussed later on. 

The decrease of a as the temperature rises confirms the results of 
Villiers and Cain : 


Ratio of alcohol to acid. 100 : 31°16. 100 ; 28°17. 100 : 25°74. 


Value of a at 77° 0°307 0°467 0°395 


0°177 0°227 0°228 


(0°087) (0°108) (0°100)* 


* The numbers in brackets only denote the approximate value of a, as two layers 
were formed at the point of equilibrium. 
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The heat of reaction can be calculated in the usual manner from the 
equation 
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where Q=heat given out during the reaction when no external work 
is done. 

Integrating this on the assumption that the heat of reaction is 
independent of the temperature, we have for the temperatures 7, 
and 7’, 

4°584(log a, — log a,)7,7, 
we oS 


when the calculations are made with ordinary logarithms, and PF is 
expressed in heat units (=1'991). On calculating @ from the values 
of a obtained at 77° and 99°, we have - 


From 100 C,H,OH : 31:16 HCl. Q= +6489 calories. 
» 100C,H,OH:25°'74 HCL Q= +6475 _,, 
» 100 C0,H,OH:23:17 HCl Q= +8500 _,, 


The first two values of Q agree very well, although the constants are 
taken. from two different series, but the third value is altogether 
different. 

Using the data given in Berthelot’s ‘‘ Thermochimie,” Q is calculated 
to be 6750 Calories, but the figures are not very satisfactory. 


calories, 


Velocity of Esterification, 


Villiers and Cain both measured the velocity of esterification, but 
their experiments were more of a qualitative than a quantitative 
nature. 

Goldschmidt (Joc. cit.) has shown that in the reaction between benzoic 
acid and ethyl alcohol, hydrochloric acid acts catalytically, the velocity 
of esterification being proportional to the amount of hydrochloric acid 
present. In the case of the action of alcohol on trichloroacetic acid 
(alcohol in excess and no other acid present), he shows that the tri- 
chloroacetic acid acts autocatalytically. The reverse reaction was 
considered to be negligible. 

In the case of the action of hydrochloric acid on ethyl alcohol we 
have 


C,H,OH + HCl = H,O + 0,H,Cl 
A B C D 


and this gives us S =k,(A —«x)(B-a)—k,(C + «)(D +2) 
k,_(A- x)(B—«) 
k, (C+a)(D+2) 


as used in the first part of the paper. 

On calculating the constants from Cain’s numbers (Joc. cit.) according 
to the above equation, the results showed plainly that it did not repre- 
sent the true course of the reaction as the “ constants” decreased very 


and a= 
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rapidly. The probable reason of this is that the acid acts autocatalytic- 
ally, and this action must be taken into account. 

Ostwald (Lehrbuch der allgem. Chemie, 2 Aufl., 22, 263) represents the 
acceleration due to a catalyser by an additive term in the velocity. 
equation. In the case of a single substance which acts on itself 
catalytically, he writes the equation as 


OF = {+ hy( A 2)}(A -2), 


where k, = velocity coefficient if no catalyser is present, 
due to catalyser. 


” ” 


Now, in most cases of autocatalysis, the constant k, becomes indefinitely 
small in comparison with k,, and can be neglected. The above equation 
then becomes 


In the reaction between hydrochloric acid and ethyl alcohol, the 
hydrogen ions only act autocatalytically in the direct reaction ; the 
reverse reaction would take place very slowly, however, if it were not 
catalytically influenced by the acid present (compare the rate of catalysis 
of methyl acetate by water alone and in the presence of hydrochloric 
acid), and in this case also we can neglect the amount of ester which 
would be formed if no catalyser were present. We may therefore 
write the velocity equation as 


—=k'p(A --«)(B-«)*-k'p(B-2)(C +2)(D+z2), 


since the concentration of the hydrogen ions is given by that of the 
dissociated part of the acid, that is, by p(B—a) where p is a function 
of the concentration (B-—«x). This function would generally be re- 


presented by Ostwald’s dilution law n° Bv= ~ where £ is the 
conductivity constant, or by some such formula as that of Rudolphi 
(Zeit. physikal. Chem., 1895, 177, 385) or Bancroft (ibid., 1899, 31, 
188), but in the present case it is almost impossible to find an 
equation for it, as the composition of the medium is continually 
changing. We can, however, assume that the concentration of the 
hydrogen ions is proportional to the amount of acid present, that is, 
the dissociation of the hydrochloric acid is considered to be con- 
stant during the time of experiment, The reaction equation then 


becomes 
Ona h(A -2)(B- a)? - ky(C +2)(D+0)(B 2), 
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If no ester is present to begin with, D=0 and 


a =k,{(A —«)(B- 2x)? ~ ax(C +x)(B-x)} where k, =ak,. 


Integrating this on the assumption that when «=0, 6=0, we have 


A+aC~B(1-2a), | a{4+B+al - /P}-2AB 
JP Ber(A+Bt+al + ,/P}-2A4B 


cE loge {x1 — a) -a(A+B+aC)+AB}+ Blog ad 


= 2aB(B + C)k,6 
where P=(A+B+a0)*?-4AB(1 -a). 


Goldschmidt (loc. cit.) found that satisfactory constants were ob- 
tained if the reverse reaction were neglected. In the present case, the 
value of &, is only about one-fifth of k, (2=0°176 or 0°230), so that 
the reverse reaction will have a much less velocity than the direct one, 
and when it is in its first stages and # and (C+) are very small, it 
is probable that the term due to the reverse reaction can be neglected, 
We then have for the velocity equation 


da 
do k(A —x)(B — x)?, 
or on integration, 


(A — B)a A(B-2) 

B(B— x)" °*B(A - a) 

Donnan (Ber., 1896, 29, 2422) has shown that the same form of 
reaction equation as Goldschmidt used for the reaction between tri- 
chloroacetic acid and alcohol is obtained on the assumption that the 
reaction takes place between the alcohol and the ions of the acid ; that 
is to say, there is no need to assume that the acid acts autocatalytic- 
ally. However, the experiments of Knoblauch on the reaction between 
ethyl alcohol and acetic acid in the presence of hydrochloric acid, and 
of Goldschmidt on the reactions between (1) ethyl alcohol and benzoic 
acid in the presence of hydrochloric acid, (2) ethyl alcohol and phenyl- 
acetic acid in the presence of picric acid and the p-toluidine salt of 
picric acid, seem to show that the foreign acid acts catalytically. 
Goldschmidt has also shown that the equilibrium between ethyl 
alcohol and acetic acid is affected by picric acid. (which is a foreign 
acid and acts catalytically) in the same way as the equilibrium between 
hydrochloric acid and ethyl alcohol is affected by the acid.* We may 
* Where picric acid is the eatalyser, this variation of the equilibrium may be due 


to the alteration in the medium (compare Koelichen, Zeit. physikal. Chem., 190), 88, 
129) but with hydrochloric acid, this explanation would not seem to hold, both 


+ log = (A — B)*k6 
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therefore assume for the present that the hydrochloric acid in the 
latter reaction acts autocatalytically. 
From the first form of the velocity equation we again get 


a=(4-2)(B-2)/(0+a)(D +2). 


Zaitschek (Zeit. physikal. Chem., 1897, 24, 1), in the course of his 
investigations on the equilibrium between sulphuric acid and alcohol, 
has also found that the equilibrium constant a (calculated as above) 
depends on the amount of acid present. He explains it on the 
assumption that the hydrogen ions act catalytically, but that their 
influence is greater in the direct than in the reverse reaction, The 
decrease of a with the increase of the amount of acid then follows as 
a matter of necessity, because the value of a is simply the ratio of the 
velocity constants of the reverse and direct reactions (k,=ak,). 

According to the second law of thermodynamics, we can prove that 
“if a reaction which proceeds to a state of equilibrium is catalytically 
influenced, the reverse reaction must also be influenced to the same 
extent, and therefore the value of a will not alter” * (Ostwald, 
Grundriss, 2° Aufi., p. 519). This only holds for the extreme case when 
we can (theoretically) introduce the catalyser at the beginning of the 
reaction and take it out again at the end, so that the sum of the work 
done is zero, In the present case (C,H,-OH and HCl), it is doubtful 
if this condition is fulfilled, because the catalyser is an auto-one, and 
one of the components of a system which is in equilibrium cannot be 
added or taken away without disturbing it. . 

Zaitschek’s explanation is really as follows: the velocity equation 
can be written as 


Sz = K(A-0)(B-a)hy(B-2)-K(C+a\(D+a)h(B -2), 


k, and k, representing the catalytic coefficients in the direct and re- 
verse reactions respectively. For equilibrium, we then have 


da _ (A-a)(B-2) _ hk A. 
dé (C+a)(D+a) Kk, ; 
k and k’ are constants ; a, we know, diminishes as the amount of 


hydrochloric acid increases, that is, the ratio of k,:k, does not remain 
constant, but decreases as (B - @) increases; in other words, the law 


Oand 


Goldschmidt and Knoblauch finding that the equilibrium in aqueous solution alters 
with the concentration of the acid (catalyser) present, although the variation in the 
amount of the same would not affect the medium very much, Similarly, in the 
reaction between ethyl alcohol and hydrochloric acid, we may assume that the 
variation in a is not primarily caused by the variation in the medium. 

* Koelichen has shown this to be the case in the condensation of acetone to 
diacetonealcohol by means of sodium hydroxide (Zett. physikal, Chem., 1900, 38, 129). 

Z2 


f 
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which connects the concentration and catalytic effect of the hydrogen 
ions is different in the direct and reverse reactions. This may very 
well be the case, as in the direct reaction the acid acts auto-catalyti- 
cally, and in the reverse reaction as an ordinary catalyser. 


Measurements of Velocity. 


Owing to the conditions of experiment, the reaction mixture cannot 
be warmed up to the required temperature before the reaction is 
allowed to begin. The measurement of the time (6) is thus subject to 
an error due to the warming and cooling of the tubes at the beginning 
and end of the experiment. This error can be obviated by reckoning 
6 from the time when the first tube is taken out of the thermostat.* 

Then, if the value of 46) for the first tube is Vj, and the value of 
,-V, 
6,-0) 


k6, for the second tube is V,, the true value of & is given by 


In the following tables, 


= amount of alcohol used, expressed in equivalents. 
hydrochloric acid used, expressed in equivalents. 
water ” ” ” 
ester formed m 
time in minutes, reckoned from when tubes were immersed. 
equilibrium constant. _ 
= 24B8(B+C)k, = constant calculated according\ taking first 
to equation (3), page $14. measurement 
= (A-B)*k = constant calculated according to{ as starting 
equation (4), page 314. point. 


” 


All the calculations have been made with Briggs’ logarithms, and 
are expressed accordingly. 


* To obtain the greatest degree of accuracy, each value of @ should separately be 
taken as the starting point for succeeding measurements ; this does not affect the 
results, however, except in the cases where C has a value different from zero. It 
will be seen that in these cases the values of the constants vary, and can only be 
used for qualitative comparison, so that the extra calculation is unnecessary. 
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Results at 99°. 


A=100. B=33°00. C=0. a=0°176. 


ky x 108, «x 104, 


204 
203 
203 
197 
203 
193 


.% «x10* = 201. 
.. &x108 = 448. 


B=41°33. C=0,. a=0°103f. 


Ky x 108, 


8°26 — 
14°29 689 
18°12 697 
20°45 703 
22°47 698 
24°41 691 
26°53 708 


. «,x108 = 698. .. «x10¢ = 154. 
ws x10 = 1984. .. kx108 = 447. 


* For the sake of comparison, the constants have also been calculated (in thi 
case only) according to the formula 
= = ky{(4-2\B-«)-a(C+2\(D+2)}. 
It will be seen that the so-called constants are not by any means constant, but diminish 
Tapidly, thus showing that the action of the hydrochloric acid as a catalytic agent 
cannot be neglected. 


t Mean of the values under «, and « respectively. 
t The value of a has been calculated from the known results on the assumption 


that it is proportional to the amount of hydrochloric acid present, 
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A=100. B=31°83. C=0. a=0°176. 


A=100. B=24°66. C=0. a=0°230. 


«x 108} «x 104, 


Ke, x 108, | «x 104. 


15 
30 
45 
60 
75 
90 
105 
128 


5°56 

9°85 
12°67 
15°03 
16°60 
18°08 
19°08 
20°35 


785 
787 
823 
812 
834 
822 
814 


243 
247 
243 
237 


. «,x106= 811 and «x 104=244 
-*. kx 10°= 2274 and & x 108= 525 


8°85 
7°08 
9°46 
11°21 
12°42 
13°55 
14°62 
15°16 


353 
361 
361 
849 
852 
355 
344 


774 
777 
782 
760 
769 
783 
760 


-*. &X108= 772 and «x 10*=354 
*. kx 10°= 2760 and & x 10°=6§24 


A=100. B=23°17. C=0. a=0°230. 


A=100. B=33'00. C=107°66. a=0°176. 


4°58 | 

6°68 
10°41 
10°57 
11°77 
12°58 
12°76 
13°51 


651 
673 
685 
686 
681 
690 
683 


357 
366 
373 
372 
368 
372 
367 


.*. «,X108= 678 and «x 104=3869 
.*» &x10° = 2746 and &x 10°=625 


3°55 
6°61 
10°02 
11°54 
13°11 


713 

695 
668 
665 


3° 
1° 
9: 
8° 


15°35 
16°90 


(616) 
(609) 


(34:1) 
(32°6) 


o's, X10°+685 and «x 104=40°4* 
.. &x10®° =419 and &x 10°=90 


* Results below the dotted line are not included in the average, 


A=100. B=33°00. C=27°10. a=0°176. 


'4=100, B=24°66. C=25°65. a=0°230. 


7°84 
13°06 
15°73 
17°14 
18°90 
20°04 
20°89 


134 
129 
121 
118 
112 
106 


867 
861 
832 
797 


-*. &,X108= 869 and « x 10*=120 
.*. ky x 10°=1245 and kx 108°=267 


2°41 
4°80 
6°71 
8°02 
9°39 
10°17 
10°97 
11°68 


212 
207 
202 
204 
195 
191 
188 


940 
920 
904 
922 
885 
871 
862 


-*. «,x108= 901 and «x 10*=199 
.*. x 10°=1579 and & x 10°=351 


These results are summarised in the following table: 
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A. B. C. key x 108. kx 108. 
100 33-00 “ss 202 448 
100 41°38 a 198 447 
100 31°83 _ 227 525 
100 33°00 107°66 42 90 
100 33°00 27°10' 125 267 
100 23°17 oa 275 625 
100 24°66 —- 276 624 
100 24°66 25°65 158 351 


In those experiments where no water was present to start with, the 
constants are very satisfactory, indeed, better than would be expected 
when the change which takes place in the medium during the progress 
of the reaction is taken into account. The constants calculated with 
the formula (4) are quite as good as those calculated according to the 
equation (3). bi 

The case is different, however, when water takes part in the reac- 
tion from the beginning (compare Goldschmidt, Joe. cit.). The con- 
stants then diminish as the time increases, and although there is not 
much difference as regards the application of the two formule, the 
first one gives a slightly better result. 

On comparison of the constants of one series with those of another 
(compare summarised table), the action of water in retarding the re- 
action is very apparent ; the greater the amount of water present, the 
greater the retardation, although the results are not proportional. 
This retardation is most probably due to the alteration in the medium, 
as this has a great effect on reaction velocity, as shown by Men- 
schutkin (Zeit. physikal. Chem., 1890, 5, 589), Hemptinne (¢id., 
1899, 28, 225), and others. 

The velocity constants fall into two divisions, corresponding to the 
two values of the equilibrium constant, excluding the cases where 
aqueous alcoholic solutions were used. They also diminish as the 
proportion of acid to alcohol increases ; this may be due to an altera- 
tion in the medium, but can also be deduced as follows : 

The constant &, is really the product of two factors, namely, k, the 
true velocity constant, and a factor depending on the dissociation of 
the acid. In writing down the velocity equation, the concentration 
of the hydrogen ions has been taken as being simply proportional to 
the amount of acid present, that is, proportional to (B—«), so that we 
may write the concentration as c(B- a), where c*-is a constant. The . 

* This c is a true constant and not a function of the concentration as in Ostwald’s 


dilution law. It varies with each experiment, but during each one is taken as 
constant, this being the assumption on which the velocity equation was formulated, 
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velocity equation is then 


a = ke(A —a)(B— a)? — Kex(C +a)(B -2) 
= k(A~0)(B- 2)? ~kye(C +2)(B - 2) 
where k, =ke, and k,=k'e. 


Now, for two different solutions, & and k’ will remain the same, but 
e will vary. If the values of k, for these two solutions are (k,), and 
(%,)o, and of ¢ are (c)g and (c)y, we have (k,)a=A(c)a, and (k,),=(c)) ; 
therefore, if (c)g>(c)», then (k,)a>(k,)» Similarly for k,. Now the 
more dilute the solution of hydrochloric acid in alcohol is, the more 
the dissociation increases, that is, the value of ¢ increases as the pro- 
portion of acid diminishes, and therefore the value of k, must act 
similarly, as shown by the table. Thus, only constants can be com- 
pared with each other in those experiments in which the proportion 
of acid present is the same or approximately the same. Since the two 
formule give equally good constants, it follows that the reverse reac- 
tion takes place so slowly (at least during the time of experiment) 
that it may be neglected. 


Velocity at 77°. 


The equilibrium constants in the particular mixtures used were not 
determined directly, owing either to the breaking of the tubes be 
fore equilibrium was reached, or to the formation of two layers, 
They have been calculated from the constants of the mixtures with 
31°16 and 25-74 equivalents of HCl respectively, and cannot be far from 
correct, as may be seen by comparison with the values obtained 
at 76°5°. 


A=100. B=33'00. a=0°28, A=100. B=41'33. a=0°18. 


«x 10% | «x10° . . kK, x 108 | «x 105 


ots 6°76 — = 
280 8°73 169 217 
259 10°93 174 214 
258 18°19 169 216 
15°68 174 298 
17:03 173 220 
18°32 173 220 


.*. «xX 106=159 and « x 10°=264. .*. xX 106=172 and «x 10°=218. 
.*. ky, x 10°= 261 and & x 10°=59. .*. kx 10°=280 and & x 10°=63. 


The following table gives a comparison of the results at 99° and 77°: 
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Temperature. A. B. k, x 108. kx 108, 


99° 100 33 202 448 
7 100 33 26 59 


99 100 41°33 198 447 
77 100 41°33 28 63 


The influence of temperature on the reaction velocity is thus very 
great, a rise in the former of 22° increasing the latter to between 
seven and eight times its former value. According to Arrhenius 
(Zeit. physikal. Chem., 1889, 4, 226), the influence of temperature on 
the velocity of reaction may be represented by the equation 


or, integrated on the assumption that A is independent of the tem- 


perature log.k= — f+, where A and B are constants, 


On calculating the value of A from the results given above we find : 


Mixture. From &;. From k. 


100 : 33 12134 11998 
100 : 41°33 11576 11596 


The values agree as closely as could be expected. In the case of 
the simple esters of organic acids, A has been found to be about 8670 
(compare Price, Ofvers. Kongl. Vet.-Ak. Forhand., 1899, No. 9, 932), 
so that the influence of temperature is much greater in the present 
case. 

So far it has not been found practicable to measure the velocity of 
the reverse reaction. That the same equilibrium constant is obtained 
has already been shown by Villiers and Cain. 


It gives me great pleasure to express here my indebtedness to Prof. 
Arrhenius at Stockholm, and Prof. Frankland, at Birmingham, for the 
facilities afforded me during my work. 
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XXXIII.—The Collection and Examination of the Gases 
produced by Bacteria from certain Media. 


By Water Cartes Cross Pakes and WaLTER HENRY JOLLY ay. 


Durine the course of an investigation upon the bacterial flora of the 
water of a certain well, several specimens of bacteria were isolated 
which belonged to the group of Bacillus fluorescens liquefaciens. The 
determination of the cultural reactions enabled us to divide these into © 
two groups, (1) that which produced gas, and (2) that which produced 
no gas in media containing nitrate, These were provisionally designated 
8.0.7 and 8.0.6 respectively. In order to obtain more information 
- concerning the former of these, it was decided to analyse the gas 
produced. 

As the various forms of apparatus hitherto described for the purpose 
of the collection of gas thus produced did not seem to be sufficiently 
accurate or suitable for our purpose, we designed one which is both 
simple and accurate. 

It was necessary to have an apparatus which fulfilled the following 
conditions : 

(1) A relatively large amount of medium must be used—from 300 to 
500 c.c. { 

(2) The gas receiver must have a capacity of at least 600 c.c. 

(3) It must be easy to inoculate the medium without any chance of 
accidental contamination. 

(4) The receiver must be fitted with taps so that a part or the whole 
of the gas can be removed during the course of the experiment with- 
out chance of contamination. 

(5) Every pert must be capable of effective sterilisation both before 
inoculation and at the conclusion of the experiment, 

In our apparatus, the receiver is a bell-jar made of stout glass about 
14 cm. high and 9 cm. in diameter. At the apex a glass tube is fused 
in ; this rises vertically 5 cm., and is then bent at right angles, the arm 
being about 10 cm. long. Halfway along the vertical tube is a three-way 
tap placed horizontally. This receiver is placed in an iron cylinder 
three parts full of mercury, about 35 pounds of mercury being required 
for each apparatus. The flask containing the medium is an ordinary 
one of from 300 to 1500 c.c. capacity, and in this are placed from 100 
to 400 c.c. of the medium. The mouth is fitted with a rubber stopper 
perforated in the centre, and carrying a tube bent at right angles ; this 
carries a piece of pressure tubing about three inches long, which is 
plugged with a small piece of cotton-wool at the open end. 

When the apparatus is to be used, the mercury in the receiver is 
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sucked up into the tap, which is then shut off. The open end of the 
three-way tap is plugged with melted paraffin wax, and the empty 
portion of the glass tube filled with sterile water. The inoculation is 
made in the usual way with a platinum needle, care being taken that 
the neck of the flask and the rubber stopper are thoroughly heated in 
a flame before and after the operation. The cotton-wool plug is removed 
from the end of the rubber tubing, and the free end of the latter is 
slipped on to the arm of the receiver. All the connections, including 
the three-way tap after it has been turned so as to connect the flask 
with the receiver, are carefully painted with melted paraffin wax. When 
the tap is turned, the mercury naturally falls in the receiver, and the 


soar Paraffin Indiarubber 


Indiarubber 


height of the mercury may be marked when the temperature of the 
whole apparatus is that of the incubator. 

In order to test the apparatus, we performed several blank experi- 
ments. We filled the flask with water, connected it with the receiver, 
and then withdrew a certain quantity of mercury from the reservoir so 
that the difference between the levels of the mercury was between four 
and five inches. We then allowed the apparatus to stand in the labora- 
tory for a week, and examined it daily. At the end of the time there 
was absolutely no fall in the mercury. On nine occasions, we have 
inoculated media for the purpose of determining whether any gas was 
produced, and although the growth has been allowed to continue for 
upwards of a week—in one case three weeks—there was no trace of 
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gas in the receiver. These trial experiments, taken in conjunction with 
the fact (p. 329) that no oxygen was found in the receiver ‘in the ex. 
periments with the B. coli communis in sugar-containing media, show 
that the apparatus is air-tight, and that there is no chance of air getting 
into the receiver during an experiment. It is possible that a certain 
amount of carbon dioxide may be absorbed by the indiarubber, but as 
the two glass tubes which are joined by the rubber tubing are in actual 
contact, the amount absorbed by this must be infinitesimal. A certain 
small amount may be absorbed by the indiarubber stopper, but we do 
not see how this can be avoided. 

In order to examine the gas produced, as it may be inaccurate to take 
a sample from the receiver, it is necessary to mix the gas in the flask 
with that in the receiver. This may be rapidly accomplished in the 
following way. 

Connect an Orsat, or some similar gas apparatus (working with mer. 
cury) to the three-way tap, remove about 100 c.c. from the receiver, 
and then, reversing the three-way tap, force the gas into the flask. 
Now remove about 100 c.c. of the mixed gases from the flask and re- 
place in the receiver. Repeat this three or four times and the gas will 
be homogeneous throughout, If it is required to have an atmosphere 
containing an excess of oxygen, a measured volume may be introduced 
into the receiver from a gas analysis apparatus, and may be mixed in 
the manner above detailed. 

If it is desired to experiment with an atmosphere of pure oxygen, 
the stopper is provided with a second glass tube through which oxygen 
is passed after the fluid has been inoculated, care being taken that it 
is previously filtered through cotton-wool. The tube is finally sealed off. 

In order to be prepared to examine small quantities of gas, we used 
a special Orsat apparatus provided with two gas tubes of extra length 
and graduated throughout, containing 120 and 60 c.c. respectively, 
both being water-jacketed. 

Experiment No. 1.—Two hundred c.c. of meat extract (that is, the 
extract of 1 lb. of lean meat in 1 litre of water), containing 1 per cent. 
of ammonium nitrate and 0°5 per cent. of common salt, were placed in 
a flask of 350 c.c. capacity. After having been sterilised, it was in- 
oculated with a trace of an agar culture of the 8.0.7. 

The apparatus was placed in the incubator at 20°, and after 2 hours 
the level of the mercury was marked. On the following day there was 
no sign of gas in the flask, although there was an abundant growth, 
but the level of the mercury in the gas jar had risen about half a0 
inch. This decrease in the volume of the gas is due to the fact that 
the oxygen is taken up by the bacteria in the first stage of, the 
experiment. 

On the succeeding day, there was an abundant evolution of gas, and 
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the level of the mercury was lower than at the commencement of the 
experiment. 

At the end of four days, the evolution of gas had ceased, and there 
were 150 c.c. in the receiver. This was analysed, and gave the follow- 


ing result : 
Carbon dioxide 


Nitrogen ” 


Since the original 150 c.c. of air contained approximately 120 c.c. of 
nitrogen and 30 c.c. of oxygen, there was 


A loss of oxygen amounting to 28 c.c. 
A gain of nitrogen - 150 ,, 
A ,, of carbon dioxide i. ae 


A second experiment with the same medium and under the same 
conditions gave 


A loss of oxygen amounting to 33 c.c. 
A gain of nitrogen a 112 ,, 
A ,, of carbon dioxide ~ ee 


The facts that although a considerable amount of the oxygen 
appeared to have been used up before there was any production of 
gas, and that the organism was still able to grow, suggested that 
bacteria might be able to obtain oxygen from nitrates. This sug- 
gestion was borne out when we found that exactly the same thing 
happened with the B. pyocyaneus grown upon this medium. 

In order to test this theory, the B. pyocyaneus was grown in nitrate 
broth under strictly anaerobic conditions, both in Buchner’s tubes and 
in an atmosphere of hydrogen. In every case, we found that the 
organism grew, so far as we could see, as well as under aerobic con- 
ditions. 

Asthe B. pyocyaneusis generally considered a strictly aerobicorganism 
(Lehmann and Neumann say that this bacillus will not grow anaerobic- 
ally, and Flugge says, ‘“‘ Der Pyocyaneus ist ein fast obligater Aero- 
bier”), it is obvious either that it is not a strict aerobe, or that the 
term anaerobe requires modification. 

Our first experiments were conducted with ammonium nitrate, and 
thinking that the effect was possibly due to the ammonium, we next 
substituted potassium, sodium, lithium, and calcium nitrates, with 
identical results. 

If the presence of nitrate in a medium renders the medium aerobic, 
a strict anaerobe ought not to grow in it. Broth and glucose-formate 
broth therefore were made, and to some of each 1 per cent. of nitrate 
was added. The bacilli of malignant «edema and of symptomatic 
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anthrax were inoculated into these, and incubated anaerobically for 
several days at 37°. In each of the broth and glucose-formate broth 
tubes, abundant growth had taken place, but in none of the tubes 
containing nitrate was there a semblance of growth. 

It may be suggested that the nitrate really acts as a poison to 
these bacteria, but if this is so, it seems strange that so many bacteria, 
including many which grow either aerobically or anaerobically, grow 
as well in broth containing nitrate as in simple broth, and that some, 
such as B. anthracis and Streptococcus often grow better. 

The term anaerobe must therefore be extended, and it must be 
understood that an anaerobic organism is one which will not grow in 
the presence either of free oxygen or of available oxygen in the form 
of nitrates. The meaning of the term aerobe must be similarly 
extended. 

The gas produced by the B. pyocyaneus when grown under anaerobic 
conditions was next examined. Instead of using some inert gas, 
such as nitrogen in lieu of air, we determined to eliminate all gas 
from the apparatus. In order to accomplish this, the following 
method was adopted. 

The medium, about 450-c.c., is placed while very hot in a strong 
round-bottomed Jena flask, which is filled to the top and is fitted with 
a good indiarubber stopper, through which passes a piece of mano- 
meter tubing bent at right angles ; each arm is about 5 em. in length, 
The free end of this is connected by means of pressure tubing with a 
second piece of tubing also bent at right angles, the short arm being 
about 5 cm., and a longer arm about 20 cm. in length. The longer 
arm passes through a plug of cotton wool into an Erlenmeyer flask of 
about 150 c.c. capacity containing 100 c.c. of the medium. The two 
flasks thus connected together are sterilised in the usual way. When 
the sterilising is completed, the flasks are removed at once from the 
steriliser and the tubing connecting them is securely clamped. As 
the fluid cools, it contracts, leaving an empty space in the neck of the 
flask. When the fluid has cooled sufficiently to be inoculated, a test-tube 
containing a young and vigorously growing culture of the Bacillus in 
the same nitrate medium is taken, the arm of the bent tube which is 
in the Erlenmeyer flask is withdrawn from the flask and inserted into 
the test-tube ; the clamp on the rubber tubing is slightly released and a 
little of the culture is allowed to enter the flask. When five or six 
c.c. have thus been admitted, the rubber tube is again clamped and 
the glass tube inserted into a flask containing some recently boiled, 
quickly-cooled distilled water; the clamp is again released and the 
inoculated flask is filled entirely ; the clamp is secured, and the long- 
armed glass tubing removed. The horizontal arm of the receiver and 
the free end of the rubber tubing are both filled with hot water, and 
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/ 
the rubber tubing is pushed on to the arm of the receiver (see fig., 
p. 323). In order to prevent the mercury being sucked back into the 
flask, care should be taken that it is warmed, and: that the medium is 
thoroughly cooled. 

Experiment No. 3.—A flask containing 425 c.c. of meat extract, with 
1 per cent. of ammonium nitrate and 0°5 per cent. of common salt, 
was inoculated with the B. pyocyaneus and incubated at 37°. 

After four days, when there was no further sign of gas production, 
the gas was removed 100 c.c. at a time and analysed. The total 
amount of the gas at the temperature of the laboratory was 469°3 c.c., 
which was found to contain : 


59°6 c.c, of carbon dioxide. 
25 ,, oxygen. 
4072 ,, nitrogen. 


The medium was very alkaline after the experiment. 

Neither the carbon dioxide nor the oxygen was anticipated, and 
further experiments were therefore undertaken to ensure the correct- 
ness of the result. 

Grimbert (Ann. Inst. Pastewr, 1899, 13, 67) found that the B. 
' pyocyaneus when grown in media containing nitrate gave a theoretical 
yield of nitrogen from the nitrate, but that no carbon dioxide was 
produced. He says that all this gas is combined with the base of the 
nitrate to form the corresponding carbonate. 

This experiment differed in three respects from those of Grimbert, 
first he used peptone solution instead of broth containing meat ex- 
tract, secondly he employed potassium nitrate and we employed 
ammonium nitrate, and thirdly, his experiment was begun under 
aerobic conditions. The experiments were therefore repeated under 
conditions as similar to his as possible. 

Experiment No. 4.—Four hundred and twenty-five c.c. of meat juice 
containing 1 per cent. of Witte’s peptone, 1 per cent. of ammonium 
nitrate, and 0°56 per cent. of common salt, inoculated with the B. 
pyocyaneus and grown anaerobically produced, after four days, 268 c.c. 
of gas having the following composition : 

Carbon dioxide, 10°9 ; oxygen, 0°3 ; nitrogen, 88°6 per cent. 

A second experiment (No. 5) with the same medium gave gas 
containing ‘ 
Carbon dioxide, 11‘1; nitrogen, 88°4 per cent. 

Next, potassium nitrate was substituted for ammonium nitrate, 
Experiment No, 6.—One hundred and fifty c.c. of meat extract con- 


taining 1 per cent. of potassium nitrate and 0°5 per cent, of common 
salt were placed in a flask of 360 ¢.c. capacity, inoculated with B, 
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pyocyaneus and grown aerobically. The analysis of the gas at the end 
of the experiment showed : 
A loss of oxygen amounting to 40°6 c.c. 
A gain of nitrogen s 114°7 ,, 
A ,, of carbon dioxide ,, 28°6 ,, 
Experiment No. 7.—Three hundred c.c. of the same medium were 
placed in a flask of 750 c.c. capacity. The analysis showed : 


A loss of oxygen amounting to 68°7 c.c. 
A gain of nitrogen * 264°6 ,, 
A ,, of carbon dioxide ,, 46°7 ,, 
The same medium inoculated with the B. pyocyaneus and grown 
anaerobically produced gas containing 


Carbon dioxide, 23 ; oxygen, 1°7; nitrogen, 75 per cent. 


A further experiment on exactly similar lines gave gas with the 
following composition : 


Carbon dioxide, 12°8 ; oxygen, 0°7 ; nitrogen, 86:4 per cent. 


To the medium used in the last two experiments 1 per cent. of 
Witte’s peptone was added, and the gas produced was found to contain: 


Carbon dioxide, 10°2; oxygen, 0°6 ; nitrogen, 89-2 per cent. 


Grimbert’s results were obtained with Cola’s peptone. We were 
unfortunately unable to obtain any of this at the time, but we tried 
experiments with Chapoteau’s peptone. 

Luperiment No. 11.—Four hundred and ninety c.c. of distilled 
water containing 1 per cent. of potassium nitrate, 1 per cent, of 
peptone, and 0°5 per cent. of common salt, were inoculated with the 
organism and in the resulting gas there was 4°5 per cent. of carbon 
dioxide. The growth on this occasion was not so abundant as usual, 
probably owing to the use of distilled water. 

As Grimbert did not analyse the gas obtained in his experiments 
until the organism had been growing for 34 days, we analysed the 
gas produced at the end of each day. 

Experiment No. 12.—Four hundred and sixty-five c.c. of meat extract 
containing 1 per cent. of peptone, 1 per cent. of potassium nitrate, 
and 0°5 per cent. of common salt were inoculated and incubated anaero- 
bically on the 10th of the month. 

On the 14th, 156 c.c. of gas were found of the composition : 


Carbon dioxide, 13°4; oxygen, 0-4; nitrogen, 86:2 per cent. 
On the 15th, 104°8 c.c. of gas containing : 
Carbon dioxide, 11-0 ; oxygen, 0°4; nitrogen, 88-6 per cent. 
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On the 16th, 104 c.c. of gas containing : 
Carbon dioxide, 11:6 ; oxygen, 0°4; nitrogen, 88-0 per cent. 


On this day, all the gas was not removed, about 30 c.c. being left. 
On the 20th, all evolution of gas appeared to have ceased; 59 . 
cc. of gas were collected and were found to contain: di 


re | 
Carbon dioxide, 7°6 ; oxygen, 0°4; nitrogen, 92-0 per cent. Hh 
Although the apparatus was left for a further two days, there was 4 
no more gas, and the medium was tested for alkalinity, which was Hi 
found to be equal to 120 c.c. of decinormal soda per 100 cc. There il! 
was no reaction for nitrites. 1 
ve We cannot but conclude, therefore, that Grimbert was wrong in | 
stating that the B. pyocyaneus does not produce carbon dioxide from i 
a medium containing nitrate. 
“a The production of free oxygen and free nitrogen at the same time 
suggests a reaction so peculiar that we do not propose to endeavour to 
explain it, but to content ourselves with calling attention to the fact. 
There can, we think, be no doubt as to the production of the oxygen 
of because the above analyses were carried out during the time that 
ai analyses of the gases produced by the B. coli communis from grape sugar 
were being made, and in no single case did we find any difference in 
the reading after the gas had been passed over the alkaline pyrogallol. 
ere 
‘od Further experiments upon this subject are being undertaken and 
will be published in a subsequent paper. 
led 
of 
the - : 
ug XXXIV.—Tetramethylenecarbinol. 
ual, By W. H. Perxry, jun. 
oe During the course of an investigation on hydroxytetramethylene, 
the a ve 
H,* CH: OH 
a (Trans., 1894, 65, 960), it was thought that it would be interesting to 
ata, compare the properties of this substance with those of an alcohol de- 
an rived from tetramethylene but containing the hydroxyl group outside 


the ring, and for this reason experiments were made on the reduction 
of the chloride of tetramethylenecarboxylic acid, in the hope that it 
might prove possible to prepare tetramethylenecarbinol in quantity by 
this means : 


HCH, , CH,°CH, 
Tea u-coci + “2 = ¢éx,.dH-cn,on * BO 


VOL, LXXIx. AA 


330 PERKIN: TETRAMETHYLENECARBINOL. 


The result of these experiments showed that, although the reduction 
does proceed in this way, the yield of tetramethylenecarbinol produced 
is so small that a sufficiently detailed examination of its behaviour 
with reagents would be very difficult. It was prepared as follows. 

Pure ether was shaken with water until thoroughly wet and then 
placed on a layer of 25 per cent. caustic soda solution contained ina 
bottle fitted with a wide reflux condenser and standing in running 
water. Sodium (10 grams) cut into small pieces, was introduced all at 
once, and then through the top of the condenser a solution of 5 grams 
of tetramethylenecarboxylic chloride was run in moderately rapidly, 

The ethereal solution from five such experiments was washed with 
dilute hydrochloric acid, the ether distilled off, and the residual oil, 
which smelt of tetramethylenealdehyde, and which had no constant 
boiling point, was boiled for one hour with methyl alcoholic potash in 
order to-decompose the tetramethylenecarboxylic ester of tetramethyl- 
enecarbinol, which was evidently one of the substances formed in the 
reaction. 

The alkaline solution was mixed with water, extracted with ether,* 
and the ethereal solution washed with dilute hydrochloric acid and 
dried over anhydrous potassium carbonate, On distilling off the ether, 
a small quantity of a colourless oil was obtained, which after twice 
fractionating distilled constantly at 143—144° under 760 mm. pres- 
sure. On analysis: 


0°1912 gave 0°4872 CO, and 0°2026 H,O. C=695; H=11'8. 
0°1721 ,, 04392CO, ,, 01818 H,O. C=69:°6; H=11°7. 
C,H,,O requires C=69°7 ; H=11°6 per cent. 


Tetramethylenecarbinol is a colourless oil which smells like amyl 
alcohol, and is somewhat soluble in water. It is isomeric with penta- 
metheny! alcohol, boiling at 139°, which Wislicenus and Hentschel 
(Annalen, 1893, 275, 322) obtained by the reduction of ketopenta- 
methylene. 


CH,CH, CH fo H, 
OH,°CH,°CH,OH ’ H,*CH-OH, 
Tetramethylenecarbinol, Pentamethenyl alcohol, 


<> ned 


The determinations of the density, magnetic rotation and refractive 
power of tetramethylenecarbinol were carried out by W. H. Perkin, 
sen., with the following results ; 


Density: 4°/4°=0°9162 ; 15°/15°=0°9088 ; 25°/25° = 0:9029. 


* By acidifying the alkaline solution and extracting with ether, almost the whole 
of the unreduced tetramethylenecarboxylic acid may be recovered. 
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Magnetic rotation. 


t. Sp. rotation, Mol. rotation. 
16°7° 1:0098 5314. 


The probable rotation of a substance of this composition may be 
calculated from the values of the elements thus : 


C, = 0615x5 2°575 
H,, = 0°254x 10 2-540 
O (asin alcohols) = 0°194 


Cal. rotation of tetramethylenecarbinol = 5°309 


SSS SS EESSELE AOE ISS. ESE EID 


The number thus obtained agrees well with that actually found. 


Refractive power. 
d 8°7°/8°7° = 0°9128. 
oO 4 1. 

fos 8 7 . w 4 
1:44096 0°48308 
1:44368 0°48606 
1-44608 0°48869 
1:45187 049504 
1°45645 0°50005 


The calculated refractive power for H. is obtained thus: 


C, = 25°00 
Hy 13-00 
O (as in alcohols) 2°80 


C,H,,0 = 40°80 


The value found is greater than that calculated by no less than 
10, whereas ring compounds usually give a refractive power which is 
only 0:29 higher than that calculated in the above way. 


Toe OwEns COLLEGE, 
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XXXV.—The Action of Aluminium Chloride on Cam- 
phoric Anhydride. 
By F. H. Lzgs and W. H. Perkin, jun. 


Tse behaviour of camphoric anhydride on treatment with aluminium 
chloride has already been made the subject of investigation, first by 
E. Burcker and subsequently by G. Blane. E. Burcker (Compt. rend., 
1894, 119, 426; Bull. Soc. Chim., 1895, [iii], 13, 901) studied the 
action of aluminium chloride on camphoric anhydride in the presence 
of benzene, and obtained in this way a crystalline substance, C,,H.,0,, 
melting at 125—126°, and called by him phenyleamphoric acid, the 
corresponding yellowish liquid anhydride, C,,H,,0,, a ketonic acid, 
C,,H,,0,, which melted at 135—137°, and a diphenyl compound, 

0,,H,,0., which crystallised in reddish needles. 

G. Blanc (Compt. rend., 1896, 123, 749 ; 124, 468 ; Bull. Soc. Chim., 
1896, [iii], 15, 1191 ; 1900, 28, 693) then bhvestignsed the subject and 
showed that, when a solution of camphoric anhydride in chloroform 
is treated with aluminium chloride, an acid, C,H,,0,, of melting point 
133°, which he subsequently identified as isolawronolic wut, is pro- 
duced according to the equation C,,H,,0,=C,H,,0,+ C0, and this 
reaction now affords the most convenient method for preparing iso- 
lauronolic acid. 

While we were engaged in the semmmtien of zsolauronolic acid by 
this process, we noticed that, besides this acid, an oil was always 
formed at the same time, and on investigating this, we found that it 
was apparently an almost pure substance, since, after twice fraction- 
ating, almost the whole quantity distilled constantly at 258° under 
ordinary conditions. 

The analysis of this oil showed that it had the formula O,H,,0, 
and on examination it was found to be a lactone so similar in pro- 
perties to campholactone that we named it y-campholactone (Proc., 1899, 
15, 23), and suggested that the relationship between these two lactones 
was probably that represented by the formule 

CH,——_CH 
bor yt 
Me,C 4 
| po 
MeO- CH, 
Campholactone, 
these formule being derived from 
(H,* CH-CO,H 
Mee 
CO,H:CMe-CH, 
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which at that time was considered to be the most probable expression 
of the constitution of camphoric acid. 

As the result of a very extended investigation, we have found that 
this oily lactone, in spite of its remarkably constant boiling point, is 
a mixture of at least two isomeric lactones, O,H,,0,, and it appears 
that neither of these is directly related to campholactone. It will be 
seen, from the following description of our work, that we have changed 
our views as to the nature of this very interesting product of the 
action of aluminium chloride on camphoric anhydride.* 

When the oily lactone is treated with baryta, it is readily hydrolysed, 

‘and the acid which is obtained by acidifying the resulting barium salt 
has been found to contain two hydroxy-acids of the formule O,H,,0,, 
which melt at 113° and 160° respectively. 

Now when the original mixture of lactones or of their hydroxy-acids 
is dissolved in sulphuric acid and warmed at 80°, a remarkable decom- 
position takes place, much sulphur dioxide is evolved, and the solution 
on pouring into water deposits a solid acid which in each case has 
been proved to be aylic acid, 


6O,H 


The easy transformation of these substances into xylic acid, as well 
as other properties which have been discovered during their investiga- 
tion, leaves scarcely any doubt that they are all derivatives of hexa- 
hydro-xylic acid, and not in any direct way connected with cam phoric 
acid ; in other words, we are of opinion that the two acids, C,H,,0,, 
are stereoisomeric forms of hydroxyhexahydro-xylic acid, 

OH:C,H,(CH,),° CO,H. 

In endeavouring to obtain further evidence as to the probable con- — 
stitution of these substances, it may be noted, in the first place, that 
isolauronolic acid and the oily lactone mixture, C,H,,0,, are formed 
from camphoric anhydride by the removal of carbon monoxide : 

20,H,,0; = ©,H,,0, + OHO, + 200. 
isoLauronolic acid. Oily lactones. 

If, then, we assume that the formula suggested by Bredt for cam- 
phoric acid is correct,t there can be scarcely any doubt that the 
‘conversion of camphoric anhydride into isolauronolic acid must be 
represented thus : 

*In the preliminary account of this work in the Proceedings (Joc. ctt.) we 
suggested that the lactone might, on further investigation, prove to be the lactone 


of hydroxyhexahydro-xylic acid. 
+ The reasons for adopting this formula will be discussed in a futur paper. 
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Me *CO°0:00-CH - CO = Me 0-COUH 
H,-———CH, H,——CH, 
Camphoric anhydride (Bredt). rie y-Campholactone (unknown), 
e 


\ 
= Me ¢-00,H 
'H,°CH, 

The isomeric change of y-campholactone into isolauronolic acid 
necessitates the assumption of the migration of a methyl group from 
one carbon atom to the adjacent one; achange which is not unknown, 
as Dr. Lapworth pointed out in his paper, “On the Constitution of 
Camphor,” at the Bradford meeting of the British Association. 

Thus the transformation of pinacone into pinacolin, 


CMe,0H gue, + HO 
OH-CMe, 0:CMe “a3 


and of pinacolyl alcohol into tetramethylethylene, 


CMe, x CMe, 

CHMe-OH ~ OMe, 
affords examples of an exactly similar migration of a methyl group. 
Very probably, isomeric changes of this nature will be found to take 
place frequently in the camphor group. 

The formation of the lactones of hydroxyhexahydro-xylic acid 
during the action of aluminium chloride on camphoric anhydride is 
evidently a process of a different nature. 

Apparently, the first stage is the same as that represented above in 
the case of isolauronolic acid: the subsequent intramolecular change 
of the intermediate substance—j-campholactone—into a derivative 
of xylic acid may then be represented thus : 


+ H,0O, 


CHMe 


Yn 


Lactone of hydroxyhexahydro- 
xylic acid, 
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In this-case, one methyl of the >CMe, group enters the ring, and 
thus converts the original 5-membered ring into a 6-membered ring, a 
kind of isomeric change which has frequently been met with in the 
camphor series. 

It may be noted at this stage that the formation of the lactones by 
the introduction of a methyl group into the ring can only take place 
in the way represented above, because if the methyl group were to 
enter the ring in the other direction, thus : 

CH*Me 


a lactone would be formed which is not a derivative of xylic acid, but 
of p-aylic acid. 


CH, 
oH) 
\ c0,H 


If, then, the hydroxy-acids melting at 113° and 160° are hydroxy- 
hexahydro-xylic acids of the constitution 


CMe-0H 


ra 
(a, 0H, 
CH, CHMe 


OH-C0,H 


it would naturally be expected that, being 5-hydroxy-acids, they would 
readily form lactones, but this was not found to be the case, since 
aqueous solutions of these acids may be boiled for a considerable time 
without, apparently, a trace of lactone being formed. 

When, however, the acids are distilled, elimination of water takes 
place quantitatively, and two lactones are obtained ; that from the acid 
melting at 118° being crystalline and melting at 44°, whereas the 
lactone from the acid of melting point 160° is an oil. 

Furthermore, these lactones on hydrolysis with baryta are recon- 
verted into the acids from which they were obtained, showing that 
they are actually the lactones of these acids, and that no stereoisomeric 
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change has taken place at the high temperature of the distillation, 
Owing to the difficulty of lactone formation, we are inclined to believe 
that the two hydroxy-acids are the ¢rans-modifications of hydroxy. 
hexahydro-xylic acid, 


On Me OR yar ine 
», 
4 ) ‘and | 
: Y Me re H H Me 
u——c0,H H——- 00,H 


but until the corresponding cts-modifications have been isolated this 
view must remain doubtful, and in the meantime we propose to name 
the hydroxy-acid melting at 160° A-hydroxyhexahydro-xylic acid, and 
that melting at 113° B-hydrowyhexahydro-aylic acid. 

When the mixed lactones obtained by the action of aluminium 
chloride on camphoric anhydride are treated with phosphorus penta- 
bromide and the product poured into methyl alcohol, a heavy oil 
is formed, which on fractionating yields a bromomethyl ester, 
C,H, ,Br°CO,Me, boiling at 165° under 30 mm., and a methy! ester, 
C,H,,°CO,Me, boiling at 210° under 733 mm. pressure, the latter being 
formed by the elimination of hydrogen bromide from the former : 


OH .< a” + PB, = 0,Hy<po™" + POBry 
OH <p + CHOH = 0,8,<2%°Hs + HB, 
C,H,,Br-CO,CH, = O,H,,°CO,CH, + HBr. 

The former of these is methyl bromohexahydro-aylate, 
CBrMe 
CH. CH. 
CH, JCHMe ’ 
CH:CO,CH, 


and the latter substance, which may be obtained almost quantitatively 
by digesting the bromomethyl ester with diethylaniline, is methyl tetra- 
hydro-aylate. On hydrolysis, methyl tetrahydro-xylate yields the 
corresponding tetrahydro-xylic acid, a colourless, crystalline substance 
which melts at about 72°, and shows all the properties of an unsatur- 
ated acid. So far, it has not been found possible to definitely assign 
a constitutional formula to this new acid, since the elimination of 


» hy¢ 
two 


eve 
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» hydrogen bromide from bromohexahydro-xylic acid may take place in 


two directions, giving the following acids : 


CMe CMe 
on, Sou oH” H 
OH, Joe CH, JOHMe 
CH-00,H GH-CO,H 
A‘-Tetrahydro-xylic acid. AS. Tetrahydro-xylic acid. 


Besides this tetrahydro-xylic acid of melting point 72°, which we 
have reason to believe corresponds to the hydroxy-acid melting at 
160°, there is also formed, when the methy! tetrahydro-xylate mentioned 
above is hydrolysed, a second tetrahydro-xylic acid, which perhaps 
corresponds to the hydroxy-acid melting at 113°. 

This acid has, so far, only been obtained as an oil, probably because 
it could not be entirely freed from the tetrahydro-xylic acid of melting 
point 72°; when obtained in a pure state, it will very likely be found 
to be crystalline. 

One of the most remarkable properties of tetrahydro-xylic acid 
(m. p. 72°) is the ease with which it is converted into xylic acid on 
treatment with sulphuric acid; as this change not only takes place 
very readily at 70—80°, but even at the ordinary temperature, sulphur 
dioxide is slowly evolved, and after standing for 4 weeks, it is found 
that a quantity of xylic acid has been produced, a transformation which 
seems to us to be very strong evidence in support of our contention 
that this acid is a tetrahydro-xylic acid. 

In order, however, to obtain still more positive confirmation of our 
view that the substances described in this paper are derivatives of 
xylic acid, a number of experiments were instituted on the reduction 
of the mixed lactones with hydriodic acid, with results which, although 
not so decisive as could have been wished, nevertheless point in the 
same direction. When the mixed lactones are heated with fuming 
hydriodic acid at 180°, reduction readily takes place, and the product 
is found to consist of a hydrocarbon, O,H,,, of boiling point 119°; an 
iodide, C,H,,I, boiling at 115° under 32 mm. pressure, and an acid, 
C,H,,*CO,H, which boils at 248—253°. 

The hydrocarbon is evidently hexahydro-m-xylene and identical with 
the substance of this constitution which has already been obtained by 
heating camphorie acid at 280° with hydriodic acid and in other 
ways (see p. 349), the iodide is prohably todohexahydro-m-xylene 
[1:1:3] and isomeric with the iodohexahydro-m-xylene [1:3 :5] of 
Knoevenagel (see p. 349) and the acid is doubtless a mixture of the 
stereoisomerides of hexahydro-xylic acid, but the small yield pro- 
duced during this reduction has not, so far, allowed of our separating 
these isomerides. 
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The constitution of these products of the action of hydriodic acid 
on the mixed lactones is readily understood from the following 


CHMe 
CH, CH, 
CH, CHMe 
CH:00,H 
Hexahydro-m-xylene. Hexahydro-xylic acid, 
m-xylene (1:1: 8). 
and their formation is undoubtedly confirmatory evidence of our 
view that the compounds described in this paper are derivatives of 
xylic acid. As so much of the material used in these experiments 
with hydriodic acid was converted into neutral substances, we next 
tried to reduce a large quantity of the mixed tetrahydro-xylic acids 
as they are obtained by the hydrolysis of the methyl tetrahydro- 
xylate mentioned on page 352, but although we used sodium and boiling 
amyl alcohol as the reducing agent, and carried out the operation 
four times with the same material, only about 5 per cent. of the 
unsaturated acid was reduced, yielding an oily acid, C,H,,°CO,H, 
which again doubtless consisted of a mixture of the stereoisomeric 
modifications of hexahydro-xylic acid. 

In the preparation of isolauronolic acid and the mixed lactones of 
hydroxyhexahydro-xylic acid by the action of aluminium chloride on 
camphoric anhydride, the process is complete in a few hours, and the 
product was usually worked up after standing for 15 hours. On one 
occasion, however, the mixture was allowed to remain in a cool place 
for four weeks, when, on treating the product in the usual way, about 
the same quantity of the mixed lactones was obtained, although, 
curiously enough, the isolauronolic acid, which must have been present 
at first, had almost entirely disappeared. 

In the place of this acid, a quantity of a liquid acid was obtained 
which boiled constantly at 155° under 30 mm. pressure and con- 
sisted principally of a saturated acid, C,H,,-CO,H, mixed with vary- 
ing quantities of an unsaturated acid, which was apparently tetra- 
hydro-xylic acid. 

After removing the unsaturated acid by oxidation and exposing 
the distilled saturated acid to a low temperature, crystals melting 
at 75° separated, and these on examination were found to consist of 
the modification of hexahydro-xylic acid which Bentley and Perkin 
obtained by the direct reduction of xylic acid (Trans., 1897, ‘71, 173). 
The proof of this was obtained in the following way. 

The crystals were treated with bromine and phosphorus tri- 
chloride and the product poured into methyl alcohol, when methyl 
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a-bromohexahydro-xylate was obtained as a colourless oil boiling at 
143—146° under 35 mm. pressure. This, when hydrolysed with 
excess of alcoholic potash, yields an acid melting at 106°, which is 
identical with the tetrahydro-xylic acid obtained by Bentley and 
Perkin (Joc. cit.)* by the reduction of xylic acid with sodium 
and amyl alcohol, as a direct comparison of the two specimens 
clearly showed. 

From its method of formation, this tetrahydro-xylic acid may have 
two formule, as will be seen from the following: | 


OHMe 
CH, CH, 
a. CHMe 
CBr:C0O,H 
Hexahydro-xylic acid. a-Bromohexahydro-xylic acid. 
CHMe 
aim, Geen 
unt gidet wo 
C-C0,H C-CO,H 
A®- Tetrahydro-xylic acid. A}. Tetrahydro-xylice acid. 


At this stage of our experiments, it is not possible to definitely 


‘ decide between these two formulz, but the behaviour of the acid with 
bromine, and especially on oxidation with permanganate, has led us to 
the conclusion that it is A®-tetrahydro-xylic acid and has the con- 
stitution represented by formula I. 


Since, then, it is proved that isolauronolic acid, on long contact with 
aluminium chloride under the conditions described on p. 356, is con- 
verted into hexahydro-xylic acid—a process not only of molecular 
change but also of reduction, 

C,H,,°CO,.H + 2H = O,H,,°CO,H 
isoLauronoli acid. Hexahydro-xylie acid. 
it is obviously interesting to endeavour to understand how this remark- 
able change takes place. 


There is, at the present time, scarcely any doubt that the constitu- 
tion of isolauronolic acid is represented by the formula 


CMe,*CMe 


CHy<oH,—U-c0,H ” 


* The melting point, 108°, given by Bentley and Perkin for this acid ig too low ; 
it should be 106°, 
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and it is known that this acid on reduction is readily converted into 


dihydroisolauronolic acid, 
CMe,°CHMe 


CH;<on —Gn-00,H ° 


If now we compare this last formula with that of hexahydro-xylic 
acid, we see, at once, that in order to produce the latter from 
the former it is only necessary for one methyl of the >CMe, group 
to migrate into the ring, and thus convert the 5-membered ring 
of dihydroisolauronolic acid into the 6-membered ring of hexa- 
hydro-xylic acid, a change similar to that referred to on p. 334 in 
discussing the formation of the lactone of hydroxyhexahydro-xylic 
acid : 

Me e Me 

CMe 


C 
Z 
em H, 
H, CHMe 
i. 


6H, 
CH, CHMe 


CH-CO,H 1-00, 
Dihydroisolauronolic acid. Hexahydro-xylic acid. 

It has already been mentioned that tetrahydro-xylic acid (m.p. 107°) 
was first obtained by Bentley and Perkin (Joc. cit.) by reducing xylic 
acid, dissolved in boiling amyl alcohol with sodium, and now that this 
acid has been obtained by the hydrolysis of methyl-a-bromohexahydro- 
xylate,and it has thus been proved that the double bond must be 
attached to the same carbon atom as the carboxyl group, interesting 
evidence is obtained as to the course which the reduction of xylic acid 
follows under the conditions mentioned above. 

Aschan (Ber., 1891, 24, 1865; Annalen, 1892, 271, 234) has shown 
that benzoic acid on reduction with sodium amalgam is first converted 
into A*-tetrahydrobenzoic acid, and that this acid on boiling with 
strong alkalis undergoes isomeric change into A}-tetrahydrobenzoic 
acid : 

CH, CH, 


oHY cH, TH oe: 
is AO tia ORY CH, 
CH:CO,H C:CO,H 

A?- Tetrahydrobenzoic acid, Al. Tetrahydrobenzoic acid. 


In the case of xylic acid, the reduction would be expected to pursue & 
similar course, yielding in the first place A*tetrahydro-xylic acid, 
which then would be converted into the A!-acid by boiling with 
alkali. 
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CHMe 


cH/ \cH 


cHl )cHMe 
CH:-CO,H 
A?- Tetrahydro-xylic acid. A!- Tetrahydro-xylie acid. 
Since, however, in the experiments of Bentley and Perkin on the 
reduction of xylic acid, sodium and boiling amy] alcohol were employed, 
both reduction and the isomeric change from A? to A! would be 
expected to take place simultaneously, and it is therefore easy to 
understand that Al!-tetrahydro-xylic acid was the acid actually 
‘obtained. 


EXPERIMENTAL. 


The Action of Aluminium Chloride on Camphoric Anhydride. Prepara- 
tion of isoLawronolic Acid and of the Mixed Lactones of 
Hydroxyhexahydro-xylic Acid. 

In studying this reaction, a very large number of experiments were 
made, principally with the View to determining the conditions which 
give the largest yield of the lactones, and as the result of these we 
ultimately adopted the following method. 

Carefully dried camphoric anhydride (100 grams) is dissolved in 
pure dry chloroform (400 c.c.) in a flask fitted with a cork through 
which a long tube passes, in order that the gases produced during 
the subsequent reaction may be led away through the draught-hole of 
the draught-cupboard or into the open air. One hundred grams of 
the best aluminium chloride prepared from aluminium * is then added, 
when in a short time a vigorous reaction commences, accompanied by 
the evolution of carbon monoxide and hydrogen chloride, but as 
no great rise of temperature takes place, it was rarely necessary to 
cool the flask, this being only done when the temperature rose above 
about 45°. After about 15 minutes, the decomposition becomes much 
quieter, and it is curious that there always seems to be a slight absorp- 
tion of heat towards the end of the reaction. 

The whole mass is allowed to stand overnight, and then mixed with 
1} litres of water, when large quantities of aluminium hydroxide are 
precipitated ; strong potash solution is now added until the precipitate 
has been completely dissolved, and the chloroform layer containing 
the lactones separated from the alkaline solution which contains the 
isolauronolic acid. ‘I'he aqueous solution is extracted once with 
chloroform, and the combined chloroform solutions washed three 


* The quality of the aluminium chloride seems to have a very marked influence 
on the course of the reaction ; we obtained our supply from Kahlbaum in sealed 
tubes of 100 grams. 
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times with water, dried over calcium chloride, and the chloroform dis- 
tilled off, when a light brown oil is obtained which, on fractionation 
under reduced pressure (50 mm.), distils almost completely at 
164—170°, and on refractionation almost the whole boils constantly at 
164—166° under the same pressure. Two different preparations were 
analysed with the following results : 


0°1940 gave 0:4960 CO, and 0°1578 H,O. C=69°'7; H=9-0. 
0°1732 ,, 0444700, ,, 0:1419H,O. C=700; H=9-1. 
C,H,,0, requires C=70°1 ; H=9°1 per cent. 

This oil, which is a mixture of the lactones of two of the modifica- 
tions of hydroxyhexahydro-xylic acid (see p. 344), has a peculiar sweet 
smell, and distils under the ordinary pressure at 260° as a colourless 
oil which on standing becomes brown. It is insoluble in sodium 
carbonate and in caustic potash solution in the cold, but dissolves easily 
in the latter on warming, and the solution gives no precipitate on 
acidifying in the cold, but, on boiling, oily drops of a lactone soon 
separate. The lactone is volatile in steam,.and somewhat soluble in 
water. The density, refraction, and magnetic rotation of the oil boiling 
at 164—166° (50 mm.) were determined before it was known that it 
was a mixture of stereoisomeric modifications, and we give these num- 
bers because the stereoisomerism may have little effect on refraction 


and magnetic rotation, and the numbers may therefore still be 
valuable. 

Density determinations: d 4°/4°=1:0652; d 10°/10°=1-0606; 
d 15°/15°=1°0571 ; d 20°/20°=1-0538 ; d 25°/25°=1-0512. 


t. Sp. rotation. Mol. rotation. 
15°6° 1:0128 8:200 


Refractive power. 
d 18°5°/4° = 1:05327. 
p-1 
» 18°6°. a 
1'4692 0°44547 68-603 
1:47760 0°45345 69°831 
1°48254 0°45814 70°553 


The specimens examined had a slight permanent rotation equal to 
about — 2° for a length of 102 mm. 

Several experiments on the oxidation of the oily lactone were made, 
but with very unsatisfactory results. When dissolved in dilute 
potash and treated at the ordinary temperature with daily additions 
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of small quantities of permanganate, oxidation takes place slowly, 
and after three weeks, when the action had become very sluggish, 
the product on examination was found to contain, besides large quan- 
tities of oxalic acid, an oily ketonic acid, which, however, was pro- 
duced in such small quantity that we were unable to purify it. 

Isolation and Purification of isoLauronolic Acid.—As stated in a 
previous paper (Trans., 1898, 73, 801), the most convenient way of 
preparing isolauronolic acid in quantity, is by treating camphoric an- 
hydride with aluminium chloride, and several kilos. of this acid have 
been prepared by this method for experiments on the investigation 
of its constitution. 

The best way to isolate the acid from the strongly alkaline extract 
which had been separated from the chloroform solution of the lactones, 
as explained on p. 341, is as follows. 

After every trace of chloroform has been removed by a current of 
air, the clear solution is mixed with an excess of hydrochloric acid, 
when an ochre-coloured precipitate is thrown down, which, although 
somewhat sticky at first, should, on standing, become quite hard. This 
precipitate is dissolved in ammonia and submitted to distillation in 
steam, by which means the ammonium salt of isolauronolic acid is 
dissociated, and the acid distils with the steam and ammonia, 

The distillate deposits, on acidifying, a white, flocculent precipitate 
which melts at 127—132°, and consists of almost pure <solauronolic 
acid, and two crystallisations from dilute acetic acid raises the melt- 
ing point to 133—134°, the correct melting point of the acid. 

This method of purification has been found much more convenient 
than that recommended by Blanc, which consists in separating the 
crude mixture of acids formed in the reaction by recrystallisation from 
alcohol. The yield of isolauronolic acid obtained by the above 
process is from 40—50 per cent. of the camphoric anhydride 
employed. 

After all the isolauronolic acid has distilled over with the steam in 
the way described above, the distillation flask contains a thick oil, 
® which, as the liquid cools, solidifies to a hard, brown button; this 
generally adheres firmly to the side of the flask, and on acidifying the 
aqueous solution of the undissociated ammonium salt, a quantity of 
an amorphous acid separates in white flocks. This acid is very diffi- 
cult to obtain in a crystalline condition, but on one occasion the crude 
acid was dissolved in dilute sodium carbonate, the solution boiled with 
animal charcoal, and, after filtering, acidified with hydrochloric acid, 
when a white, amorphous precipitate was obtained, which crystallised 
from acetic acid in glistening needles, and melted at 255—257°. On 
analysis : 
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0°1584 gave 0°3911 CO, and 01196 H,O. C=67:3; H=8-4, 
C,,H,,0, requires C=67°3.; H = 8-2 per cent. 


The silver salt was obtained by adding silver nitrate to a neutral 
solution of the ammonium salt as a white, amorphous precipitate which 
was very difficult to wash. On analysis: 


0°2407 gave 0°3670 CO,, 01090 H,O, and 0:°0885 Ag. C=4146; 
H=50; Ag=36°7. 
C,,H,,0,Ag requires C=43°5; H=4:9; Ag=35°7 per cent. 


We were not able to repeat the preparation and analysis of this 
silver salt, and cannot, therefore, be sure that this well characterised 
acid really has the constitution C,,H,,0,. The acid, which may be 
formed by the chloroform reacting with the camphoric anhydride in 
the presence of the aluminium chloride, contains no chlorine ; it is 
readily oxidised by nitric acid, and its solution in sodium carbonate 
at once decolorises permanganate. f 


The Hydroxyhexahydro-aylic Acids and their Lactones, 
CMe-O0H 


cH, ‘ou, 
OH,| JcHMe 


CH-CO,H 


When the mixed lactones obtained by the action of aluminium chlor- 
ide on camphoric anhydride are heated on the water-bath with excess of 
baryta water, the oily drops rapidly dissolve with formation of the 
barium salts of the corresponding hydroxy-acids. If the excess of 
baryta is removed by passing carbon dioxide through the boiling 
liquid, and, after filtering, the filtrate is evaporated on the water-bath, 
a thick, syrupy barium salt is obtained which even on long standing 
shows no signs of crystallising. The syrupy salt was dissolved in 
a little water, acidified with a slight excess of hydrochloric acid, and 
the hydroxy-acids, which separated as a thick, pale yellow oil, ex- 
tracted with pure ether. After drying over calcium chloride, the bulk 
of the ether was distilled off, the remainder being removed by aspir- 
ating dry air through the solution, and in this way all rise of tem 
perature above 40° was avoided. The resulting thick syrup, after 
standing for some weeks in a cold place, deposited a considerable 
quantity of crystals, which were collected on the pump and left in 
contact with porous porcelain until free from oil.* The colourless 

* This oil still contains considerable quantities of the mixed hydroxy-acids, 


A and B, along with other substances, a description of which is reserved for ® 
future paper. 


oo 
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crystals thus obtained consist of the A-hydroxy-acid (m. p. 160°) 
mixed with varying quantities of the B-hydroxy-acid (m. p. 113°), and 
these two acids may be separated by dissolving in pure dry ether, 
evaporating to a small bulk, and allowing to stand, when a crystalline 
crust of the A-acid rapidly separates often in an almost pure state, 
the B-acid, which is much more soluble, remaining in the mother 
liquor. By repeating the crystallisation, the A-acid is very easily ob- 
tained in a pure condition. On analysis: 


0'1546 gave 0°3554 OO, and 01308 H,O. C=62°7; H=9-4. 
01393 ,, 03204 CO, ,, 01170 H,O. C=62'7; H=9-3. 
C,H,,0, requires C=62°8 ; H=9°3 per cent. 


‘A-hydroxyhexahydro-xylic acid melts at 160° without decomposition. 
It is moderately soluble in hot, but sparingly so in cold water, and is 
very sparingly soluble in pure, dry ether. 

It crystallises very well from water in the form of feathery leaf- 
like plates, 

It dissolves readily in sodium hydrogen carbonate and the solution 
does not decolorise permanganate, except on long standing. 

The silver salt, C,H,,(OH)-CO,Ag, obtained on adding silver nitrate 
to a neutral solution of the ammonium salt, was a white, gelatinous 
precipitate which, on warming, became granular and was easily washed 
On analysis : 


02031 gave 00777 gram Ag. Ag=38°3. 
C,H,,0,Ag requires Ag = 38°6 per cent. 


A neutral solution of the ammonium salt gives no precipitate with 
either barium or calcium chlorides; with copper sulphate, no precipitate 
is produced in the cold, but on warming, a sparingly soluble pale blue 
copper salt separates. 


Lactone of A-Hydromyhexahydro-wylic acid, O,H, K<bo—tn order 


to determine whether the A-hydroxy-acid readily yielded a lactone, 
2 grams were dissolved in water and subjected to rapid distillation in 
steam for 1 hour. The distillate, on saturating with ammonium sul- 
phate and repeatedly extracting with ether, did not yield even a trace 
of lactone, and on evaporating the residue in the distilling flask toa 
small bulk and allowing to stand for a few days, nearly the whole of 
the unchanged acid separated in colourless crystals, showing that 
under these conditions the A-hydroxy-acid does not yield a lactone. 
Further experiments showed, however, that this lactone is readily 
obtained by simply distilling the hydroxy-acid. About 5 grams of 
the pure dry acid were introduced into a small fractionating flask and 
gently heated until the elimination of water, which commences at 
VOL, L¥ XIX. BB 
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about 175°, was complete; the temperature was then raised, wikes 
practically the whole of the residue distilled at 260—263° as a colour. 


c 
less oil, This oil was dissolved in ether, the ethereal solution washed 
with sodium carbonate to remove a small quantity of an acid gsub- a 
stance which was present, dried over calcium chloride, evaporated, 
and the renidue rapidly distilled, when almost the whole quantity A 
passed over at 261—262° under 748 mm, pressure. On analysis: wi 
0°2143 gave 0°5456 CO, and 0°1806 H,O. C=69°4; H=9-4, iy 
01783 ,, 0457500, , 01480 H,O. C=69°9; H=9-2, id 
O,H,,0, requires O =70‘1 ; H=9'1 per cent. ms 
- 
The lactone of A-hydroxyhexahydro-xylic acid is a colourless oil § in 
which, when cooled in a freezing mixture, showed no signs of crystal- 9 rec 
lising. That it is really the lactone of the A-hydroxy-acid and that § cor 
no isomeric change had taken place at the high temperature of the B hoy 
distillation is shown by the following experiment. About 2 gramsof § B-h 
the lactone were warmed with baryta water until dissolved, the well § The 
cooled solution was then acidified with hydrochloric acid, and extracted § sod: 
several times with pure ether. After carefully drying with calcium § por: 
chloride and evaporating to a small bulk, the ethereal solution deposited J dist 
a crust of colourless crystals which melted at 160°, and on examin § 758 
ation were found to consist of the pure A-hydroxy-acid. with 
B-Hydroxyhexahydro-xylie Actd.—The ether mother liquors from § melt 
the purification of the A-hydroxy-acid (p. 345) yield, on concentrat- § petr 
ing, several crops of crystals consisting of the B-acid mixed with § ousl; 
varying quantities of the A-acid, and by a long series of fractional § and. 
crystallisations it is ultimately possible to obtain the much more 0+ 
readily soluble B-acid in a state of purity. On analysis: 
0°1355 gave 0°3110 CO, and 01132 H,O. O=62°6; H=9°3. 
01490 ,, 03426 CO, ,, 0°1254H,O. C=62°7; H=9°3. Th 
C,H,,0, requires O = 62°8 ; H=9°3 per cent. - 
B-Hydroxyhexahydro-cylic acid melts at 113°, but the presence of & porati 
traces of the A-acid frequently lowers the melting point to 109—110. § 110~ 
It is much more readily soluble in water than the A-acid, and its 
aqueous solution on slowly evaporating over sulphuric acid deposits F 
the hydroxy-acid in hard prisms, closely resembling crystals of cané Action 
sugar, and quite different in appearance from the leafy crystals of 
the A-acid. 
The moderately dilute solution of the ammonium salt gives no pre 
cipitate with silver nitrate at first, but, on standing, gelatinous flocks 
gradually separate in small quantities. These were filtered off, and 


the solution concentrated on the water-bath, when after filtering from 
a few brown flocks, the filtrate on cooling set to a colourless jell 


GEaerkhes 
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and all attempts to wash this and thus obtain the silver salt in a pure 
condition were unavailing. 

In other respects, the neutral solution of the ammonium salt shows 
a similar behaviour with reagents to that of the A-hydroxy-acid. 

Lactone of B-Hydroxyhexahydro-xylic Acid.—As in the case of the 
A-hydroxy-acid, we first experimented with the view of determining 
whether the B-hydroxy-acid is converted into its lactone by boiling 
with water. The pure B-hydroxy-acid (2 grams) was dissolved in 
water and the solution distilled in steam for 1 hour, exactly as de- 
scribed in the case of the A-hydroxy-acid (p. 345). The distillate, on 
extraction with ether, did not yield any lactone, and from the residue 
in the distilling flask nearly the whole of the B-hydroxy-acid was 
recovered unchanged. It is therefore evident that this acid is not 
converted into its lactone on boiling with water. The lactone may, 
however, be obtained almost quantitatively by distilling the pure 
B-hydroxy-acid exactly as described in the case of the A-acid (p. 346). 
The distillate was dissolved in ether and extracted repeatedly with 
sodium carbonate. The ethereal solution was then dried and eva- 
porated, and the residual oil carefully fractionated. After two 
distillations, almost the whole quantity passed over at 260° under 
758 mm. pressure as a colourless oil which, on cooling and rubbing 
with a glass rod, solidified completely to a hard mass of crystals 
melting at 38—40°. This lactone is sparingly soluble in light 
petroleum, and if the solution is allowed to evaporate spontane- 
ously, feathery groups are gradually formed which melt at 44°, 
and consist of the pure lactone of the B-hydroxy-acid. On analysis: 


01850 gave 0°4755 CO, and 01528 H,O, C=70:1; H=9°2. 
C,H,,0, requires C=70°1 ; H=9'1 per cent. 


That this substance is the lactone of B-hydrowyhexahydro-xylic 
acid, is proved by the fact that when hydrolysed with baryta a 
hydroxy-acid is produced which, after ex craction with ether and eva- 
poration to a small bulk, is deposited in hard crystals which melt at 
110—112°, and show all the properties of the B-hydroxy-acid. 


Action of Sulphuric Acid on the Lactones of the Hydrohexahydro-xylie 
Me 


Acids. Formation of Xylic Acid, Me 


6O,H. 


tt has already been mentioned in the introduction to this paper that 
the mixed lactones when heated with sulphuric acid are rapidly 
BB 2 


348 LEES AND PERKIN: THE ACTION OF 


oxidised with formation of xylic acid, and the actual experiment was 
carried out as follows. 

The mixed lactones (5 grams) were dissolved in concentrated sul- 
phuric acid (50 grams) and warmed in a water-bath the temperature of 
which was kept at between 80° and 85°. In a short time, the solution 
began to darken in colour, and there was much effervescence due to 
the escape of sulphur dioxide ; when this had ceased, which was usually 
the case after about 10 minutes heating, the dark brown liquid was 
cooled and poured into three times its volume of water. After well 
stirring and allowing to stand overnight, the greyish coloured sandy 
precipitate was collected, dried, and rapidly distilled from a small 
retort. The crystalline distillate was dissolved in sodium carbonate, 
the solution boiled with animal charcoal, filtered, and the hot filtrate 
acidified, when an almost colourless, crystalline precipitate was thrown 
down which consisted of nearly pure xylic acid. After crystallising 
from dilute acetic acid, the substance was obtained as a colourless 
crystalline powder which melted at 126°. On analysis : 


0°1600 gave 0°4220 CO, and 00984 H,O. C=719; H=6°8. 
071620 ,, 0°4261 CO, ,, 0°0976 H,O. C=71:7; H=67. 
O,H,,0, requires C=72°0; H =6°7 per cent. 


Some of this acid was intimately mixed with am equal quantity of 
pure xylic acid prepared from w-exmene, without any alteration in the 
melting point being produced, a proof that the two acids were identical. 
In order, however, to be certain of this, a quantity of the acid was con- 
verted into the anilide, which, after crystallising from light petroleum 
(b. p. 80—100°), melted at 140—141°. On analysis: 


0:0763 gave 4:3 c.c. nitrogen at 18° and 757 mm. N=6'4. 
C,;H,,ON requires N = 6:2 per cent. 


A direct comparison of this anilide with a specimen of the anilide of 
xylic acid showed that the two specimens were identical. 


Action of Hydriodic Acid on the Lactones of Hydroxyhexahydro-xylic Acid. 


In order fo determine whether it was possible to reduce these lactones 
directly to hexahydro-xylic acid, 25 grams of the mixed lactones were 
heated with 100 grams of fuming hydriodic acid (sp. gr. 1°96) ands 
little amorphous phosphorus in sealed tubes at 180° for 3 hours. There 
was much pressure in the tubes and on pouring the contents, which 
were highly coloured with iodine, into dilute sulphurous acid, a heavy 
oil separated and was extracted with ether. The ethereal solution 
was repeatedly washed with small quantities of dilute potash, dried 
over calcium chloride, and evaporated, when a colourless oil remainel 
which smelt strongly of hexyl iodide. 
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This oil was distilled from a fractionating flask, at first under the 
ordinary pressure, when a quantity of oil came over below 150°; the 
residue, which was fractionated under reduced pressure (20 mm.) dis- 
tilled at 110—120°, leaving a slight residue smelling of phosphorus 
compounds. The first portion on repeated fractionation distilled con- 
stantly at 119°, but contained traces of iodine ; it was therefore digested 
with sodium and again distilled, when the whole passed over at 119°, 
under 760 mm. pressure, but still contained faint traces of iodine. On 
analysis : 


0'1785 gave 0°5569.CO, and 0'2273 HO. C=85:1; H=14:2. 


The substance was again distilled over sodium and was now free 
from iodine. On analysis : 


01610 gave 0°5042 CO, and 0:2056 H,O. C=854; H=14-2. 
C,H,, requires C=85°71 ; H=14°3 per cent. 


This hydrocarbon is saturated, since it does not decolorise perman- 
ganate and is not attacked by bromine at the ordinary temperature. 

A careful comparison of the properties of this hydrocarbon with 
those of known saturated hydrocarbons of the formula C,H,, leads at 
once to the conclusion that it is hexahydro-m-xylene. This hydrocarbon 
has been obtained by heating camphoric acid at 280° with hydriodic 
acid (Wreden, Annalen, 1877, 187, 155), and also from heptanaphthene- 
carboxylic acid by similar treatment (O. Aschan, Ber., 1891, 24, 2718), 
and is described as a mobile liquid boiling at 119° under 755 mm. 
pressure and stable towards bromine. The latter method of formation, 
taken in connection with the present experiments, is instructive, and 
indicates that it may be a common property of saturated closed chain 
carboxylic acids when heated with hydriodic acid to lose carbon 
dioxide and yield the corresponding hydrocarbon. 

The oil separated from the hexahydro-m-xylene by fractionation 
under reduced pressures and boiling at 110—120° under 20° mm. 
pressure was twice carefully refractionated, when almost the whole 
distilled at 113—115° under 32 mm. pressure with elimination of a 
little hydrogen iodide. This oil, which rapidly became dark coloured 
owing to the separation of iodine, was analysed; with the following 
results : 


01486 gave 0:2280 CO, and 0°0923 H,O. C=41:84; H=6°9. 
02067 ,, 01983 Agl. I=51°81. 
C,H, ,I requires C=40°4 ; H=6'3; 1=53°36 per cent. 


It is very probable that this substance is iodohexahydro-m-xylene 
(1:1:3] and isomeric with the iodohexahydro-m-xylene [1 : 3 : 5] boiling 
at 92—93° under 10 mm. pressure, which Knoevenagel (Annalen, 1897, 
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297, 163) obtained by the action of hydriodic acid on dimethyl-] ; 3. 
cyclohexanol-5. 

The alkaline liquid obtained by extracting the ethereal solution of 
the crude product of the reduction of the lactone with potash in the 
way described above gave on acidifying with hydrochloric acid and 
extracting with ether in the usual way, 8 grams of a thick, oily acid, 
On fractionating this under reduced pressure (25 mm.) about half 


passed over between 160° and 175°, leaving a viscid residue which con- et 
tained phosphorus and did not distil until above 300°. The fraction a 
boiling at 160—175° under 25 mm. pressure was twice distilled under h 
the ordinary pressure and in this way 2 grams of an oil were in 
obtained which distilled at 248—253°. On analysis: th 
0°1460 gave 0°3680 CO, and 01329 H,O. C=68°74; H=1011. ch 
C,H,,0, requires C= 69°23 ; H = 10°25. br 
There can scarcely be a doubt that this acid is hexahydro-xylic acid, th 
C,H,,"CO,H, produced by the direct reduction of the lactone. br 
hy 
Action of Phosphorus Pentabromide on the Lactones of the Hydrouyhexa- ~ 
hydro-xylic Acids. a 
When the lactone and phosphorus pentabromide are mixed in mole- i 
cular proportion, the pentabromide rapidly dissolves with considerable 
rise of temperature and evolution of some hydrogen bromide. If the 
product after standing for some time is heated for a few minutes on A 
the water-bath and then poured into methyl alcohol, two substances om 
are produced, namely, methyl bromohexahydro-cylate and methyl tetra- sal 
hydro-xylate. wy 
In order to isolate the product of the reaction, the methyl-alcohol - 
solution is poured into much water, the heavy oil which separates _ 
extracted with ether, the ethereal solution washed with water and resln 
dilute sodium carbonate, dried over calcium chloride, and the ether 
distilled off. The residual oil is then fractionated under reduced 
pressure (40 mm.) and thus roughly separated into two portions boil- 
ing at 120—135° and 135—180° respectively. From the latter, by Th 
1 repeated fractionation, a pungent smelling oil may be obtained boil- § with 
a’ ing at 160—165° under 30 mm. pressure and consisting of methy! § meth 
bromohexahydro-aylate, O,H,,Br°CO,CH,. On analysis: P Me 
03614 gave 0:2685 AgBr, Br=31°61. Pi 
C,,H,,0,Br requires Br= 32°13 per cent. acid ¢ 
The portion boiling at 120—135° under 40mm. pressure wasrepeatedly § repeat 
fractionated under the ordinary pressure, and in this way a quantity § ‘aces 


of a colourless oil was obtained which contained only traces of 
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bromine and distilled constantly at 209—210° under 733 mm. pressure 
On analysis : 
01551 gave 0°3996 CO, and 0'1310'H,O. C=70°3; H=9-4. 
O,)H,¢0, requires C= 71°43 ; H=9°52 per cent. 


This substance is methyl tetrahydro-xylate, the slight deficiency in 
the carbon and hydrogen found being due to traces of bromine which 
could not be entirely removed by fractional distillation. It was sub- 
sequently obtained quite free from bromine by treating methyl bromo- 
hexahydro-xylate with diethylaniline (see below). "When dissolved 
in chloroform, methyl tetrahydro-xylate readily absorbs bromine with 
the formation of methyl dibromohexahydro-xylate. 

Methyl] tetrahydro-xylate (5 grams) was dissolved in carefully dried 
chloroform (15 grams), and after cooling the solution below 0°, dry 
bromine (5 grams) dissolved in chloroform (20 grams) was slowly added, 
the apparatus being kept in the dark during the whole operation. The 
bromine was almost instantaneously absorbed and only traces of 
hydrogen bromide were evolved. Dry air was now drawn through the’ 
solution, cooled below 0° for some hours and until the odour of chloro- 
form had entirely disappeared, and the viscid, light yellow oil then 
analysed, with the following result : 


0'2541 gave 0°2762 AgBr. Br= 46°25. 
C,,H,,0,Br, requires Br = 48°8 per cent. 


Methyl dibromotetrahydro-xylate, C,H,,;Br,*CO,CH,, is an “unstable 
substance which, when exposed to the air at the ordinary temperature, 
rapidly loses hydrogen bromide and becomes dark coloured. On 
leaving a small quantity over paraffin wax and sulphuric acid in an 
exhausted desiccator for two days, it was noticed, on opening the 
desiccator, that much hydrogen bromide had been formed, and the oil, 
on analysis, was found to contain only 42°8 per cent. of bromine. 


A-Tetrahydro-xylic acid (m. p. 72°). 


This acid is readily obtained by the hydrolysis of its methyl ester 
with alcoholic potash, and in preparing it in quantity the following 
method was always employed. 

Methyl bromohexahydro-xylate was mixed with twice its weight of 
diethylaniline and the mixture heated to boiling for 6 hours ; the pro- 
duct, after cooling, was then poured into excess of dilute hydrochloric 
acid and the oil extracted with ether. The ethereal solution was 
repeatedly washed with dilute hydrochloric acid, to remove the last 
traces of diethylaniline, then with sodium carbonate, dried over calcium 
chloride, and the ether distilled off, when a light brown oil was obtained 
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which, after repeated fractional distillation, boiled constantly at 
212—213° under 750 mm. pressure. On analysis : 


0°1136 gave 0°2970 CO, and 00954 H,O. O=71:3; H=9°3. 
C,)H,,0, requires C=71-°4 ;-H =9°5 per cent. 


The methyl tetrahydro-aylate thus obtained was hydrolysed by boiling 
with excess of methy] alcoholic potash for one hour, the product dis- 
solved in water, evaporated until quite free from methyl alcohol and 
acidified with hydrochloric acid, when the tetrahydro-xylic acid ‘was 
precipitated asan oil. This was extracted with ether (free from alcohol), 
the ethereal solution washed with water, dried over calcium chloride, 
and the ether distilled off, when a light brown oil was obtained which, 
after twice fractionating under diminished pressure, distilled constantly 
at 147—149° (20 mm.).* On analysis : 


0°1524 gave 0°3915 CO, and 0°1236 H,O. C=70:1; H=9-0. 
C,H, ,0, requires C= 70°1 ; H=9°1 per cent. 


* The methyl tetrahydro-xylate obtained in this way is undoubtedly a mixture of 
the methyl esters of isomeric tetrahydro-xylic acids, and before this was discovered, 
the density, magnetic rotation, and refractive power of a very carefully fractionated 
sample of the oil were determined by W. H. Perkin, sen. The following is a brief 
statement of the results obtained : 


@ 10°/10°=0°99556 ; d 15°/15°=0°99181 ; d@ 20°/20°=0-98823. 
Magnetic rotation. 
#=11°5°; sp. rotation=1°1380; mol. rotation, 10°682. 
- Refraction, d 15°/4°=0°99097. 


ey ~ H,=79°025 ; Hp=80°752; H,=81°651. 
The permanent rotation of this sample was —1°21° for 102 mm.=[a],= -1'195, 
and in the case of the sample prepared without diethylaniline, and analysed (see 
p. 351), the permanent rotation was found to be — 1°24 for 100mm. =[a])= —1°249. 
Since it is unlikely that the magnetic rotation and refractive power of the two 
. isomeric methyl tetrahydro-xylates would differ in any marked degree, it is interesting 
to compare the numbers obtained in the case of this unsaturated 6-membered ring 
with those of methyl isolauronolate and methyl lauronolate, which are isomeri¢ 
derivatives of an unsaturated 5-membered ring. The comparison is as follows: 


p-l1 
Mol. rotation. a P for Ha. 


Methyl isolauronolate ; 80°596 
Methyl] lauronolate ‘ 79°257 
Methyl tetrahydro-xylate : 79-025 


It is certainly remarkable that whilst the numbers are so very similar in the two 
latter esters, they should differ so widely from those of methyl isolauronolate, and 
further investigation may prove that there is a closer relationship between lauronoli¢ 
acid and tetrahydro-xylic acid than is at present assumed to be the case. The pre- 
paration and properties of the methyl and ethyl esters of lauronolic acid will be 
described in a subsequent paper. 
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It will be seen that the analytical numbers agree exactly with those 
required by the formula for tetrahydro-xylic acid, and for a long time 
it was thought that this oily acid was a pure and single substance. 
However, after a considerable quantity had been left standing for some 
weeks in a cool place, it began to deposit crystals, and on cooling in a 
freezing mixture the whole became converted into a semi-solid mass 
which, at the ordinary temperature, liquefied again almost completely. 
After cooling well, the crystals were separated as far as possible from 
the oil by means of the pump, using a funnel surrounded by a freezing 
mixture, the solid mass was then left in contact with porous porcelain 
until quite free from oily mother liquor, and then crystallised from 
dilute alcohol, from which it separated in the form of glistening plates. 
On analysis : 


0:1595 gave 0°4070 CO, and 0°1293 H,O. C=69°6; H=9°0. 
0144 ,, 0368900, ,, 0118 H,O. C=69'9; H=9l. 
0,H,,0, requires C= 70:1; H=9-l per cent. 


This acid, which we propose to call A-tetrahydro-cylic acid, melts at 
about 72° when rapidly heated, but like many other similarly consti- 
tuted acids, the melting point is much influenced by the rapidity of 
heating and by the slightest impurity. It is readily soluble in most 
organic solvents, but is almost insoluble in water ; in a current of steam, 
it volatilises with great ease. In many of its properties, tetrahydro-xylic 
acid shows great similarity to lauronolic acid ; like the latter, it instantly 
reduces permanganate in cold sodium carbonate solution, and it does 
not appear to be reduced by boiling with amyl alcohol and sodium 
(compare p. 355).* 

Action of Sulphuric Acid._—-When tetrahydro-xylic acid is warmed with 
concentrated sulphuric acid at about 80°, oxidation rapidly takes place 
with evolution of sulphur dioxide, and on pouring the product into 
water a very sparingly soluble acid separates, which, after distillation 
and recrystallising from dilute acetic acid, melts at 126° and shows all 
the properties of xylic acid. On analysis : 


0'1102 gave 0:2901 CO, and 0°0686 H,O. C=718; H=6°9, 
O,H,,0, requires C=72°0; H=6°7 per cent. 


Even when left in contact with concentrated sulphuric acid for some 
days at the ordinary temperature, the solution becomes brown and 
smells of sulphur dioxide, and on pouring into water a crystalline acid 


* Experiments which“have been made with the object of reducing lauronolic acid 
show that this acid resists the action of reducing agents in a remarkable way, and 
is not even affected on treatment with sodium and alcohol. In this respect, it 
differs from zsolauronolic acid, which is comparatively easily reduced to dihydroiso- 
lauronolic acid (compare footnote, p. 352). 
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separates which, after purification, melts at 126° and evidently 
consists of xylic acid. 

Anilide of Tetrahydro-xylic Acid.—In order to determine whether a 
separation of the constituents of the oily mixture of tetrahydro-xylic 
acid was possible by conversion into the anilides and fractional 
crystallisation, 5 grams of the oily acid were digested with 15 grams 
of aniline for 2 days. The brown product was poured into dilute 
hydrochloric acid, the oily precipitate extracted with ether, the 
ethereal solution washed first with dilute hydrochloric acid, and then 
with dilute potash solution, dried with calcium chloride, and the ether © 
distilled off. The residue quickly solidified, and, after leaving it in 
contact with porous porcelain for a short time, the almost colourless 
mass was easily purified by recrystallisation from light petroleum 
(b. p. 80—100°), from which it separated in satiny crystals melting 
at 131—132°. On analysis: 


0°1930 gave 10°8 c.c. nitrogen at 24° and 761 mm, N = 6:2. 
C,,H,,ON requires N=6 per cent. 


This substance being the anilide of an unsaturated acid, could not 
be hydrolysed with strong acids, and in attempting the hydrolysis 
with alcoholic potash it was found that this reagent had apparently 
no action, as after boiling for two days almost the whole of the sub- 
stance was precipitated unchanged on the addition of water. When, 
however, the anilide was heated in a sealed tube with strong alcoholic 
potash at 170° for 10 hours, some decomposition had taken place, 
but on evaporating off the alcohol and adding water, more than half of 
the unchanged anilide separated out. After filtering, the alkaline liquid 
was acidified and the oily acid extracted with ether in the usual way, 
when the ethereal solution on evaporating deposited an oil which, on 
standing over sulphuric acid in a vacuum, soon solidified to crystals 
melting at 66—68°, showing that the substance of melting point 
131—132° is the anilide of A-tetrahydro-aylic acid. 

In preparing the anilide in this way, any acid which had remained 
unchanged was extracted by shaking the ethereal solution with potash 
as described above. Since, then, the original oily acid was a mixture, 
it is evident that if, as was the case, a large proportion of A-tetra- 
hydro-xylic acid had been removed as anilide, the remainder should 
consist principally of the other isomeride. The acid was isolated from 
the alkaline washings and fractionated, when the whole quantity 
passed over at 253° as a colourless oil, which became semi-solid in & 
freezing mixture, and behaved very much like the original acid before 
treatment with aniline. Apparently, then, both the isomerides are 
converted into anilides by boiling with aniline, but the anilide melting 
at 132° evidently crystallises with greater facility, and is, therefore, 
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more readily obtained in a state of purity. We did not carry this 
investigation further because, even if we had succeeded in separating 
the anilides by crystallisation, they are hydrolysed with such difficulty 
that the process could only be used, at the best, for the preparation of 
small quantities of the two acids. 

Action of Sodium and Amyl Alcohol on the Mixed Tetrahydro-xylic 
Acids.—In this attempt to reduce the tetrahydro-xylic acids, 30 grams 
of the mixed acids, as obtained by the hydrolysis of methyl tetra- 
hydro-xylate (p. 352), were dissolved in 2 litres of amyl alcohol in 
a large, round-bottomed flask connected with a wide condenser. 

The solution was heated to boiling, the flame removed, and then 
sodium (40 grams) dropped in in three portions, and sufficiently 
quickly to keep the liquid boiling as rapidly as possible. As soon as 
the reaction had slackened, heat was applied, and when the sodium 
had dissolved, sufficient dilute hydrochloric acid was added to render 
the product distinctly acid ; the alcohol layer was then separated, and 
distilled from a retort until the temperature rose to 120—125°, The 
treatment with sodium was repeated exactly as before, and four 
times in all, water was then added, and after the aqueous extract had 
"been separated, the bulk of the amyl alcohol was removed by distilla- 
tion and the remainder by distillation in steam. The aqueous residue 
in the steam distillation flask was combined with the aqueous extract, 
and the whole, after saturating with carbon dioxide, oxidised at 0° 
with permanganate, when it was found that a large amount of the 
oxidising agent was required before the colour remained permanent, 

After standing for 1 hour at 0°, the excess of permanganate was 
removed by adding sodium sulphite, the whole boiled, filtered, the 
filtrate concentrated, acidified, and distilled in steam as long as oily 
drops passed over. 

The distillate was saturated with ammonium sulphate and extracted 
several times with ether; the ethereal solution was then dried over 
calcium chloride and evaporated, when from 60 grams of tetrahydro- 
xylic acid about 4 grams of an oily acid were obtained, almost the 
whole of which, on distillation, passed over at 253—255°. On 
analysis ; 


0°1225 gave 0°3112 CO, and 0:1129 H,O. C=69'3; H=10°2. 
C,H,,0, requires C =69°2 ; H=10°2 per cent. 

There can scarcely bea doubt that this acid is a mixture of the stereo- 
isomeric modifications of hexahydro-xylic acid, but it is produced in 
such small quantity that we were unable to effect a separation of its 
constituents, 
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The Action of Aluminium Chloride on isoLauronolic Acid. Formation 
CH-00,H 


of cis- and trans-Hexahydro-aylie Acids, ie Hs 


H, CH, 


CHMe 


When ‘aluminium chloride is left in contact with a chloroform solu- 
tion of camphoric anhydride for several weeks, the product of the 
reaction differs in a marked way from that obtained when the mix- 
ture is worked up after standing for a few hours, as described on 
p. 341. 

The chief difference is that ‘almost the whole of the isolauronolic 
acid has disappeared, and in its place large quantities of the two 
stereoisomeric modifications of hexahydro-xylic acid are found ; these 
must, apparently, have been produced by the long-continued action of 
the aluminium chloride on the tsolauronolic acid. 

In investigating this decomposition, several quantities of the mix- 
ture of camphoric anhydride, chloroform, and aluminium chloride, pre- 
pared exactly as described on p. 341, were allowed to stand in most 
cases for 6 weeks, and then worked up in the same way as before. It 
was noticed, in the first place, that the amount of the lactones of 
hydroxyhexahydro-xylic acid was approximately the same as when the 
mixture was allowed to stand only a short time. On acidifying the 
potash extract, however, instead of the usual ochre-coloured, crystal- 
line precipitate of crude isolauronolic acid, an oily acid was thrown 
down, which, after extracting with ether and distilling off the ether, 
remained as a dark brown, viscid oil. 

This oil was,dissolved in dilute ammonia, and subjected to distilla- 
tion with steam until a sample of the distillate, on acidifying, remained 
clear, when it was noticed that the residue in the distilling flask, after 
cooling, solidified to a brown button as before. The alkaline distillate 
was acidified and extracted with ether, and after the ethereal solution 
had been dried over calcium chloride and evaporated, a large quantity 
of a yellow oil was left, amounting to about 25 per cent. of the cam- 
phoric anhydride employed. As this oily acid was found to contain a 
small quantity of a neutral oil, it was dissolved in ether, the ethereal 
solution extracted with dilute potash, the acid reprecipitated, and 
after extraction fractionated under reduced pressure (28—30 mm.). 

The acid began to boil at 152°, and between this temperature and 
160° the whole quantity passed over as a colourless oil which, on re- 
fractionation, distilled for the most part constantly at 155—156° 
under the same pressure. On analysis : 
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0:1761 gave 0°4483 CO, and 0°1565 H,O. C=69°42; H=9°9. 
C,H,,0, requires C = 69°23 ; H=10°25 per cent. 
O,H,,0, »  O=7012; H=9-10 » 


This analysis showed that the oil which boiled so constantly was 
not pure, but evidently consisted of large quantities of an acid, 
C,H,,"CO,H, mixed with smaller quantities of an acid, C,H,,°CO,H, 
a view borne out by the fact that the oil when dissolved in sodium 
carbonate was capable of reducing a good deal of permanganate in the 
cold. In order to remove the unsaturated constituent, the whole was 
dissolved in sodium carbonate and, after adding ice, treated with per- 
manganate until the colour was no longer destroyed. 

The filtrate and washings from the manganese precipitate were 
evaporated to a small bulk, the acid reprecipitated- and subjected to 
distillation in steam, when the residue in the distilling flask, on 
standing, deposited long, yellow needles of csolauronic acid, showing 
that the unsaturated constituent of the original oil consisted, in part, 
at all events, of isolauronolic acid. 

The distillate was extracted with ether in the usual way, and the 
acid again fractionated, when almost the whole quantity distilled con- 
stantly at 149—150° under 20—25 mm. pressure, but as it was still 
not quite stable towards permanganate, the treatment with this re- 
agent was again resorted to, with the differencg that the oxidation 
was carried out at the ordinary temperature instead of at 0°. After 
this second treatment, the acid, which now contained no trace of un- 
saturated impurity, distilled completely at 154—157° under 30 mm. 
pressure as a colourless oil which, on standing, soon began to deposit 
crystals. 

The whole was allowed to stand for 10 days in an ice chest ; the 
crystals were then rapidly collected on the pump, left in contact with 
porous porcelain until quite dry, and finally recrystallised from dilute 
acetic acid, from which solvent the acid separated in long, glisten- 
ing needles melting at 73—75°. On analysis : 


01396 gave 0°3525 CO, and 0:1276 H,O. C=68:9; H=10°2. 
01531 ,, 0°3883 CO, ,, 01410 H,0. C=69'2; H=10°2. 
C,H,,0, requires U=69°2; H=10°2 per cent. 

This acid is a remarkably stable substance, since it may be boiled 
with nitric acid for some time without being appreciably oxidised, and 
on cooling it crystallises out unchanged in needles which melt sharply 
at 75°. 

The silver salt. was precipitated on adding silver nitrate to a nearly 
neutral solution of the ammonium salt as a white, gelatinous mass, which, 
however, on stirring and warming, became crystalline. It was col- 
lected, washed well, dried at 100°, and analysed : 


e 
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0°1165 gave 0°1761 CO,, 0°0593 H,O, and 0:0482 Ag. C=412; 
H=5°6; Ag=41°3. — 
C,H,,0,Ag requires C=41'1; H=5:7; Ag=41°1 per cent. 

For a long time, no clue to the constitution of this acid, of melting 
point 75°, could be obtained, but ultimately the investigation of its 
- behaviour, first with bromine and then with alcoholic potash, made it 
probable that it was trans-hexahydro-xylic acid. On comparing the 
‘properties of this acid with thosé of a sample of hexahydro-xylic 
acid prepared by Bentley and Perkin (loc. cit.) by the reduction of 
xylic acid, they were found to be identical, since on mixing equal 
quantities of the two different preparations, no alteration could be 
observed in the melting point. It is clear, therefore, that one of the 
acids produced by the action of aluminium chloride on isolauronolic 
acid is trans-hexahydro-xylic acid. 

The experiment which led us to suspect the identity of this acid 
was the following. 

The acid of melting point 75° (9 grams) was mixed carefully with 
the calculated quantity of phosphorus pentachloride (12 grams), and 
after the reaction, which commenced at once, had ceased, the mixture 
was heated for 15 minutes on the water-bath. Bromine (10 grams) 
was then added to the well cooled product, and the whole heated on 
the water-bath in a reflux apparatus until the colour of the bromine 
had disappeared and the evolution of hydrogen bromide had almost 
ceased. The liquid was then gradually poured into three times its 
volume of well cooled methyl alcohol and allowed to stand over night. 
On the addition of much water, a heavy, light brown oil separated 
which was extracted with ether, the ethereal solution was then well 
washed with dilute sodium carbonate, dried over calcium chloride, and 
the ether distilled off, when a light yellow oil (17 grams) was ob- 
tained which distilled almost completely at 143—146° under 
35—38 mm. pressure. On analysis: 


0°2780 gave 0'2091 AgBr. Br=32°0. 
C,,H,,0,Br requires Br = 32:1 per cent. 


This substance is methyl a-bromohexahydro-xylate, C,H,,Br*CO,CH, 
since on hydrolysis with alcoholic potash it yields tetrahydro-xylic acid. 

The pure methyl ester was rapidly poured into a large excess of 
strong boiling alcoholic potash, and after the vigorous reaction had 
subsided the whole was boiled for 15 minutes, mixed with water, and 
evaporated on the water-bath with the frequent addition of water in 
order to ensure the removal of the last traces of alcohol. On acidify- 
ing the alkaline solution with hydrochloric acid, an oily acid separated, 
but this rapidly solidified ; it was extracted with ether, and the ethereal 
solution, after drying, evaporated, when a solid residue remained 
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which, on distillation, passed over at 254—255° as a colourless oil 
solidifying almost immediately to a hard, crystalline cake. The solid 
mass was spread on porous porcelain to remove traces of oily impurity, 
and then crystallised from dilute alcohol, from which it separated in — 
colourless needles melting sharply at 106°. On analysis: | 


0:1277 gave 0°3265 CO, and 0:1072 H,O. C=69°'7; H=9°3. 
01271 ,, 0326800, ,, 0°:1060H,O. C=701; H=9-2. 
C,H,,0, requires C= 70°1 ; H=9°1 per cent. 


This acid is identical with the tetrahydro-xylic acid which is pro- 
duced by the reduction of xylic acid by means of sodium and amyl 
alcohol. In their paper on the formation of this acid, Bentley and 
Perkin (Joc. cit.) give the melting point as 103°, but this is too low, 
since the original specimen, prepared by the reduction of xylic acid, 
after several times recrystallising, was found to melt at 106°. 

On intimately mixing equal quantities of this latter specimen and 
the acid prepared from methyl bromohexahydro-xylate, there was no 
alteration in the melting point. 

cis-Hexahydro-aylic Acid.—The oil separated from the crystals of 
trans-hexahydro-xylic acid in the manner described in the last sec. 
tion, deposited, on standing for some months in an ice chest, a further 
quantity of the same acid, and after filtering from the crystals the 
oily filtrate became semi-solid on placing in a freezing mixture of ice 
and salt, but rapidly and completely melted as soon as it was taken 
out of the freezing mixture. This behaviour suggested that the oily 
acid was a mixture of two isomerides and as, in spite of many experi- 
ments, a further separation by freezing was not successful, an attempt 
was made to effect this separation by converting the mixture of acids 
into the amides and subjecting these to fractional crystallisation. The 
oily acid (100 grams) was mixed with a slight excess of phosphorus 
pentachloride, in a large flask connected with a reflux apparatus and, 
after the vigorous action had subsided, the whole was heated in the 
water-bath for 15 minutes and when cold poured in a thin stream 
into strong aqueous ammonia (saturated below 0°). 

The crystalline amides which separated were collected on the pump, 
washed with ammonia, dried, ground to a fine powder, and extracted 
with ether, by which means oily impurity was removed and a perfectly 
dry, crystalline mass resulted. 

This amide, which had no definite melting point and was evidently 
& mixture, was submitted to a series of fractional crystallisations, first 
from much water and then from alcohol, and in this way it was separ- 
ated into a sparingly soluble amide melting at 188—189° and a more 
soluble, and obviously less pure, fraction melting at 120—140°. 


360 ACTION OF ALUMINIUM CHLORIDE ON CAMPHORIC ANHYDRIDE. 


The amide melting at 188—189° was analysed, with the following 
results : 


0°2325 gave 19-2 c.c. nitrogen at 24° and 760 mm. N=9-2, 
C,H,,ON requires N = 9-0 per cent. 


When boiled with concentrated hydrochloric acid, this amide was 
hydrolysed and the oily acid which floated on the hot liquid solidified 
on cooling to crystals which, without further purification, melted at 72°, 
It is obvious, therefore, that this amide is the amide of trans-hexa- 
hydro-xylic acid. 

The crude amide melting at 120—140° was subjected to upwards of 
50 fractional crystallisations from water, and ultimately a substance 
was obtained which crystallised in long, slender, silky needles and 
melted, not quite sharply, at 140—142°. On analysis: 


0°2095 gave 17 c.c. nitrogen at 20° and 754 mm. N=9-2. 
C,H,,ON requires N =9-0 per cent. 


This amide, which we believe to be the amide of cis-hexahydro-xylic 
acid, dissolves readily in warm concentrated hydrochloric acid, and, on 
boiling, decomposition soon sets in, and oily drops of the acid appear 
rapidly on the surface of the liquid. The acid was extracted with 
ether, the ethereal solution dried over calcium chloride, and after dis- 
tilling off the ether the oily residue fractionated, when almost the 
whole quantity passed over at 250—252°, On analysis: 


0°1460 gave 0°3694 CO, and 0°1353 H,O. C=69:0; H=10°3. 
O,H,,0, requires C=69'2 ; H=10°2 per cent. 


cis-Hexahydro-xylic acid, obtained in this way, is an oil which, even 
when cooled below —10° and stirred with a crystal of the trans-acid, 
shows no signs of crystallising. When it is remembered that all the 
trans-acid which could be separated by freezing had already been care- 
fully removed from the oily mixture of the hexahydro-xylic acids, and 
that during the conversion into and subsequent fractional crystallisa- 
tion of the amides a further considerable quantity of trans-acid was 
again removed, it is unlikely that the cis-acid which we obtained could 
have contained more than traces of the trans-acid. At the same time, 
we do not suggest that the cis-acid was quite pure, and it is therefore 
possible that the melting point of its amide may not be exactly that 
given above. 


The experiments on the substances described in this paper are 
being continued, and it is hoped that the results will soon be ready for 
communication to the Society. We desire to state that much of the 


coco ff & @ TF ee TF 


THE ACTION OF HYDROGEN BROMIDE ON CARBOHYDRATES. 361 


very heavy expense which was necessary in carrying out these 
experiments has been met by repeated grants from the Royal Society. 

Our thanks are also due to Mr. J. Yates for undertaking the 
preparation of much of the material necessary for this research, and 
for carrying out several of the analyses. 


Taz OWENS COLLEGE, 
MANCHESTER. 


XXXVI.—The Action of Hydrogen Bromide on Carbo- 
hydrates. 


By Henry J. Horstman Fenton, F.R,S., and Miss MirpRep 
Gostiine, B.Sc. 


Taz authors have shown in a previous communication (Trans., 1898, 
73, 554) that certain classes of carbohydrates when acted upon at the 
ordinary temperature with dry hydrogen bromide in ethereal solution 
givean intense and beautiful purple colour.* It was further shown 
(Trans., 1899, '75, 423) that this purple substance, when neutralised 
with sodium carbonate and extracted with ether, yields golden- 
yellow prisms of w-bromomethylfurfural, 


CH:C-CH,Br 


ah, a 


This reaction is produced by levulose, sorbose, cane sugar, and 
inulin, an intense colour being given within an hour or two. Dex- 
trose, maltose, milk sugar, galactose, and the polyhydric alcohols 
give, if anything, only insignificant colours, and these only after 
long standing. The authors therefore suggested that the reaction 
might be employed as a means of distinguishing these classes of 
carbohydrates, the rapid production of the purple colour being in- 
dicative of ketohexoses, or of substances which produce these by 
hydrolysis, 

By relying only on the production of the purple colour, however, 
‘mistake might possibly arise, owing to the fact that wylose gives 


* This purple colour would appear to be due to a highly dissociable compound 
of o-bromomethylfurfural with hydrogen bromide. The aldehyde gives yellow or 
colourless solutions in various solvents, which are turned purple bya sufficient 
pe of hydrogen bromide, Dilution, or addition of water, at once discharges the 

r. ; 
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a somewhat similar colour after standing for a few hours. Hence, 
the observations should be confirmed by isolation of the crystals of 
bromomethylfurfural. No trace of this substance is obtained from 
the xylose product. 

In order to identify the substance, the ether extract, after neutrali. 
sation, is allowed to evaporate to a syrup, and crystallisation pro- 
moted either by rubbing with a glass rod, or by the more certain 
and highly characteristic method of ‘sowing’ with the most minute 
trace of w-bromomethylfurfural, when crystals are almost instantly 
formed. These are recrystallised from ether, or a mixture of ether 
and light petroleum, and further identified by the melting point 
(59°5—60°5°), and, if considered desirable, by estimation of the 
bromine. 

It is now found, so reactive is the bromine atom in this compound, 
that the estimation may be accurately made by titration with silver 
nitrate according to Volhard’s process, the crystals for this purpose 
being dissolved in dilute alcohol : 


01970 gram required 10° cc. W/10 AgNO,. Br=42°63 per cent., 
calculated 42°32 per cent. 


This method of applying hydrogen bromide in ethereal solution is, 
of course, unsuitable for investigations where a higher temperature 
has to be employed, or where long standing is necessary, since, under 
such circumstances, the ether itself is attacked. Wishing to make 
investigations under these conditions, the authors have tried several 
solvents, and, at present, find that chloroform is best suited to the 
purpose. In each of the following experiments, 10 grams of the sub-— 
stance were covered with 250 c.c. of chloroform which had been 
saturated at 0° with dry hydrogen bromide. The mixture was con- 
tained in an accurately stoppered bottle, firmly secured with an iron 
clamp, and heated in a water-bath to about the boiling temperature 
for 2 hours. After standing for several hours, the mixture was 
treated with sodium carbonate (first anhydrous solid, and afterwards 4 
few drops of strong solution), filtered, and the solution dried over 
calcium chloride. Most of the chloroform was then distilled off, and 
the remaining solution allowed to evaporate to a thick syrup in 4 
weighed dish. : 

The product was then tested for w-bromomethylfurfural by ‘sowing’ 
with the most minute trace of the substance, as described above. It 
was then warmed on a water-oven, kept in a vacuum desiccator ovér 
solid paraffin, and the weight estimated. When necessary, the pro 
duct was recrystallised from ether, and further identified by the tests 
mentioned. The following results were obtained : 
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Weight of 
crude residue. 


Swedish filter paper 3°0 crystallised at once by ‘ sowing,’ 
Ordinary cotton 3°3 
Mercerised cotton 2:1 
Straw cellulose* 2°3 
Levulose 2°2 
1:3 
0°37 
Cane sugar 0°85 in 
Dextrose 0°33 uncrystallisable. 
Milk sugar 0°37 
Glycogen 0°34 
Galactose 0°34 

The products from dextrose, milk sugar, and galactose absolutely 
refused to crystallise even when extracted with ether and again 
evaporated, or by ‘sowing,’ stirring, &c, 

The glycogen product deposited a very small amount of crystalline 
matter on standing, but the quantity was too minute for examination; 
moreover, it refused altogether to crystallise in contact with the 
aldehyde. It may fairly be stated, therefore, that these last four 
substances give absolutely negative results as regards the formation of 
wbromomethylfurfural ; if any is formed, its quantity is altogether . 
too small to be detected. 

The specimen of starch examined was freshly prepared from potato, 
and purified by digestion for 24 hours each with V/10 KOH, W/4 HCl, 
and strong alcohol ; it was then washed with water and allowed to 
dry in the air. It will be seen that this substance gave a positive 
result, but that the yield was extremely small, and might yet be due 
toimpurity. Considering the importance of the behaviour of starch, 
for the purpose of drawing general conclusions from these observations, 
it was thought advisable to make further experiments with specimens 
which could be relied upon, and also to investigate the behaviour of 
dextrin, This the authors have been enabled to do, through the 
kindness of Mr. C. O’Sullivan, who has placed some remarkably beau- 
tiful specimens at their disposal. 

His description of the specimens is as follows : 

1. Rice starch, specially purified by the permanganate method. 

2. Wheat starch rh A 


* Other forms of cellulose, likewise kindly supplied by Mr. C. F. Cross, were 
also examined, for example, pine-wood cellulose, and the substances separated from 
solution in thiocarbonate (powder and film). All of these gave good yields of 
bromomethylfurfural, 

cc 2 
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3. Oat starch, contains traces of oil, washed with dilute KOH and 
dilute HCl. 

4, Pea starch, first crop, washed with alkali, acid (HCl), and strong 
alcohol. 

5. Natural dextrin, D = 3°87, [a]»>=194'7 ; K=0°95, (c 2-628), 

6. a-Dextrin, C equation purified without fermentation, 30 pre- 
cipitations with alcohol (Trans., 1879, 35, 772). 

The examination of these specimens was conducted on a smaller 
scale, but under the same conditions as before, one gram of the sub- 
stance being treated with 12°5 cc. of the saturated chloroform 
solution and heated in sealed tubes for 2 hours as above. The re- 
sults were as follows : 


Weight of 

crude residue. 
1. Rice starch .. ......... 0046 crystallised at once by ‘sowing.’ 
2. Wheat starch ......... 0:°044 — ra et 
=. ee stafoh............... 0°049 na = 
4. Pea starch............... 0-064 a ad 
5. Natural dextrin ...... 0:088 - a3 
eee 0°055 bs 9% 


The results may therefore be summarised as follows. All forms of 
cellulose give large yields of w-bromomethylfurfural, some varieties 
giving as much as 33 per cent. Leevulose, inulin, and cane sugar 
give yields varying from 22 to 8°5 per cent.; various starches give 
small yields (average about 4°5 per cent.) ; and dextrins 5 to 8 per 
cent., whereas dextrose, milk sugar, and galactose give, apparently, 
none at all. 


furf 


givil 


The yields represent the solid crystalline residue; this when puri § alth 


fied by recrystallisation gives, probably, about three-quarters of its 
weight of pure crystals. (In the case of dextrose, &c., the yields 
represent the weight of syrup.) 

These numbers, however, by no means represent the maximum 
yields obtainable, owing to the comparatively slight solubility of 
hydrogen bromide in chloroform. The process was conducted in 
the above manner only for the sake of uniform comparison. The 
ether method previously described gives much larger yields; for 
example, 12 grams of inulin treated with only 60 c.c. of the satur 
ated ether gave 2°5 grams of substance. For the purpose of ob- 
taining larger yields, other methods are being investigated. 


The facts recorded above, taken in conjunction with those given in 
our previous communications, appear to point definitely to the follow- 
ing general conclusions. First, that the various forms of cellulose 
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contain one or more groups or nuclei identical with that contained in 
levulose, and that such groups constitute the main or essential part of 
the molecule. Secondly, that similar groupings are contained in 
starches and dextrins, but that the proportion of such groupings repre- 
sents a relatively small part of the whole structure. 

The nature of this grouping is, according to the generally accepted 
constitution of levulose, the six carbon chain with a ketonic group: 


C-0-C-0-C-C 
bie 
But the results might, on the other hand, be considered indicative 


of the anhydride or ‘lacton’ grouping, which Tollens suggested for 


levulose : 
C-0:0:C'C-C 
Fea 
O 


The latter very simply represents the formation of w-bromomethyl- 
furfural from levulose,* 
: 0 
0H-C-—O0—0—-C—c—H, 0H 


HH 


giving HC-C:C-0:0-CH,Br 
~~ 


although by a little further ‘manipulation’ of the symbols the change 
could, of course, be represented by reference to the ketonic formula. | 


In conclusion, the authors wish to express their best thanks to Mr 
C. O'Sullivan for specimens of starches and dextrins, and to Mr. OC. F. 
Cross for various samples of celluloses, also to the Government Grant 
Committee of the Royal Society, for funds which have enabled them 
to procure pure specimens of other carbohydrates. 


* The change is empirically represented as 
C.H,,0¢, + HBr = 4H,0 = C,H;0,Br. 
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XXXVIIL—The Ketonie Constitution of Cellulose, 
By Cartes Freperick Cross and Epwarp Joun Bevan, 


WE are indebted to Mr. H. J. H. Fenton for a private communication 
of the results of his researches upon the direct condensation of a 
series of typical celluloses to methylfurfural, obtained in the form of the 
crystalline w-bromo-derivative (Fenton and Gostling, this vol., p. 361), 
At the same time, these authors intimated that they did not intend t 
discuss in detail the problem of the constitution of cellulose, to the 
solution of which they contribute this important evidence, Having 
regard to the probability that, by these results, chemists will be at- 
tracted to the reconsideration of a matter which for long years has 
remained in comparative obscurity, we have deemed it opportune to 
collect the various items of experimental evidence available for the 
solution of the problem of the constitution of cellulose. For the pur. 
pose of the present discussion, we may take “cellulose” to mean the 
typical cotton cellulose in its bleached and purified form, and we 
assume, as there exists no evidence to the’contrary, that it is a homo- 
geneous substance. 

For the view that cellulose is a near analogue of starch, that is, 
a polyanhydride of dextrose, the evidence, when analysed, will be found 
to be extremely slender. The general empirical formula, .0,H,,0,, 
is, of course, well established, but the supposed resolution, quanti- 
tatively, into dextrose groups by ultimate hydrolysis has been deduced 
from the somewhat superficial studies of Braconnot (Ann. Chim. Phys, 
1819, [ii], 12, 172), and later of Flechsig (Zeit. physiol. Chem., 1882, 
7, 523). 

Nor has the matter been cleared up in regard to this essential point 
by the still more recent investigations of Hénig and Schubert (Monaish., 
1885, 6, 708 ; 1886, '7, 455), and A. L, Stern (Trans., 1895, 67, 74). It 
has been established that the first product of the action of sulphuric 
acid is a cellulosedisulphuric ester ; that after the subsequent hydro 
lysis has proceeded some way, cupric-reducing groups are produced ; 
and, finally, that dextrose may be isolated from the products (monoses) 
of ultimate hydrolysis. But the hydrolysis has not been studied by 
way of full quantitative statistics such as have been established for 
starch. The evidence of this process of resolution is therefore incom 
plete; and in any case the action of a reagent such as sulphuric acid, 
as compared with that of an enzyme, leaves quite open the question 
of attendant constitutional change. “It is quite conceivable that 
ketonic aggregate might undergo molecular cleavage at such points 
that the typical CO groups come to occupy a terminal position in the 
products of the change. These considerations lessen the supposed 
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critical value of the evidence drawn from this particular resolution 
of cellulose. 

But there are other relationships which have been brought to light 
by later investigations. These we may briefly recapitulate. 

The tetracetate (Cross and Bevan: “Cellulose,” p. 38) is a true 
cellulose derivative, an ester of the unresolved molecule. The em- 
pirical formula, C,H,O(OAc),, is most simply expressed for the unit 
group as CO:(CH-OAc),:CH,, which implies that in the parent mole- 
cule the CO group has a ketonic position and function, and would 
justify the hypothesis that the aggregate might have the genera] 


form 
CH————Q(0H) 


ras ra 
(CH-OH), (CH-OH), . 


(0H) ——CH 


This is not without some experimental justification, since acetates 
higher than the tetracetate are obtainable, which on saponification 
yield hydrolysed and cupric-reducing products (“ Cellulose,” loc. cit.). 

Further direct evidence as to the position of the typical carbonyl, 
whether ketonic or aldehydic, should be afforded by a study of the 
acid products of oxidation. Nitric acid oxidises the celluloses to oxy- 
celluloses (insoluble) and acids of low molecular weight, chiefly oxalic 
acid, tartaric acid, and a ©, dibasic acid (Faber and Tollens, Ber., 
1899, 32, 2595). Saccharic acid, it appears, is not formed. Further, 
by treatment of the oxycelluloses with lime, the products derived 
from the oxidised groups are dihydroxybutyric and isosaccharinic acid 
(Faber and Tollens, Joc. cit.). In all these oxidations there is a marked 
absence of products with the normal C, chain, and the obvious interpre- 
tation of the result is that the original unit groups are of ketonic con- 
stitution, With regard to the nitric esters, we have now the results of 
the later investigations of Will and Lenze (Ber., 1898, 31, 68), who 
find that the ketoses are distinguished from the aldoses by not giving 
the theoretically highest nitrate. Thus levulose and sorbinose give 
trinitrates, whereas dextrose and galactose give pentanitrates. In the 
ketoses there is an interior condensation, involving one pair of the 
OH groups, accompanying the ester reaction. As a secondary result, 
the nitrates are relatively stable. In the case of cellulose, the tri- 
nitrate (O,) is the highest nitrate, and is obtained with difficulty. 
That its formation is attended by interior condensation is shown 
by the yields, which are notably less than those calculated for a 
simple ester reaction corresponding with the amount of nitrogen, that 
is, of O*NO, groups in the product. These quantitative relations are 
much exaggerated in the nitration of the lignocellulose, in which the 
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ketonic type has been proved to predominate. It is to be noted that 
starch shows a close similarity to cellulose in regard to this reaction, 
with, however, a notable difference in yield. Cellulose and hydro 
cellulose yielded 170 per cent., but starch only 157 per cent. of nitrate, 
in which the total nitrogen was found to be 13°8—13°9 per cent. The 
CO groups may in this reaction undergo a transposition. This involves 
the question of the relationship of the unit C, groups to the complex 
aggregate, whether of starch or cellulose. Starch being readily hydro- 
lysed by enzyme action, it is assumed that the ultimate products, 
maltose and dextrose, as constitutional groups, are represented as such 
in the starch molecule. We have previously dealt with the evidence 
in regard to the relationship of dextrose, obtained as a product of de- 
composition of cellulose, to the parent molecule. It must be noted 
here, in anticipation of the general remarks we have to make on the 
new evidence of Fenton and Gostling, that starch has been included in 
these investigations. On reference to their paper, it will be seen that 
starch and cellulose are widely differentiated by the new reaction, 
as they are in all their physiological relationships, and as they are 
actually in essential chemical points, although this difference has been 
obscured by some more obvious points of resemblance. It is an espe- 
cially satisfactory feature of these new results that they place the 
whole “‘starch-cellulose’’ question on a sound chemical basis adequate 
to redirect physiological investigation. It must be confessed that the 
opposite procedure seldom enables a given problem to be seen in true 
perspective ; and as we have now to call attention to the contributions 
of chemists to the question of starch in relation to assimilation, we 
may incidentally note that they establish relationships which were 
long overlooked by physiologists. 

It had been assumed on physiological grounds that cellulose is a 
near analogue of starch, probably formed from it by a process of modi- 
fication having rather to do with the kind or degree of molecular 
aggregation than any more profound constitutional change. 

Brown and Morris, in their well-known paper on the subject of 
chlorophyllic assimilation (Trams., 1893, 68, 604), thus express them- 
selves : “The starch which is formed by the chloroplasts is, strictly 
speaking, not autocthonous, but owes its origin to antecedent cane 
sugar.” In support of their general conclusion that cane sugar a8 4 
first product of chlorophyllic assimilation has a further direct relation- 
ship to the general nutrition of the plant, they refer to their pre 
vious investigations (Trans., 1890, 5'7, 484), which showed that of 
all the soluble carbohydrates examined cane sugar has the highest 
nutritive value.” It appears from these researches that lmvulose has 
some function complementary to that of dextrose, and it is a fair 
hypothesis, warranted, we think, by the present state of our knowledge, 
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that the ketose is more directly concerned in the elaboration of cellu- 
lose. This view is supported by some observations of A. J. Brown on 
the growth of the “vinegar plant” (Trans., 1886, 49, 432), com- 
municated under the title, “On an Acetic Ferment which forms 
Cellulose.” From this paper (p. 438) we make two extracts, which 
shortly present the main conclusions : (1) “The formation of cellulose 
by the ‘ vinegar plant’ from the carbohydrates must not be looked 
upon as an act of fermentation, as it is evidently only a product of 
assimilation formed for the special use of the plant itself.” (2) “ It is 
evident from the experiments that . . . . . Ilevulose [is] far 
more favourable to the growth of the ferment than dextrose, and 
also that cellulose is formed [from it] more freely. During the growth 
of the ferment in levulose solutions no trace of fermentative action 
was observed.” 

On the direct evidence thus briefly summed up, we have not hesi- 
tated to adopt as a working hypothesis the view that cellulose is of 
ketonic constitution. There are many points bearing indirectly on 
the subject, but in view of the results now disclosed by Fenton and 
Gostling it is unnecessary to prolong or labour a discussion based on 
a priori considerations. 

These results come to us with all the greater force as confirming 
the evidence which has been for some time accumulating. Moreover, 
the polyaldose view of the constitution of cellulose has been barren 
of suggestion. It does not differentiate cellulose from starch ; it 
fails to give any account of the part played by ketoses generally in 
plant life in the main work of building up permanent tissue ; it leaves 
unexplained the origin of the condensed or unsaturated compounds 
which are the characteristic components of lignified tissue, and of the 
widest distribution in the plant world. 

Now that we are aware of the simple condensation of cellulose, or, 
rather, of its constituent hexose groups, to methylfurfural, we are in 
possession of a many-sided clue to the main problems which we have 
been endeavouring largely by indirect means to solve. We defer to 
4 later occasion their further and more specific discussion. The reac- 
tion itself is being further investigated by Fenton. Although it has 
been reduced to a quantitative method, giving numbers which have 
full comparative value, the results are considered to be yet very far 
short of the optimum. We must await these developments before 
drawing any more positive conclusions than are contained in the com- 
munication of Fenton and Gostling, strengthened by the further 
Weight of evidence which we have collected from the somewhat seat- 
tered literature. 


XXXVIII.—Isomeric Hydrindamine Camphor-r-sul- 
phonates. Racemisation of a-Bromocamphor. 


By Freperic Srantey Kippine, Ph.D., D.Sc., F.R.S. 


On continuing the study of the compounds formed by the combination 
of externally compensated hydrindamine with various optically active 
acids (Trans., 1900, '7'7, 861), one of the first salts to be examined was 
that prepared from d-camphor-r-sulphonic acid ;* this compound is a 
simple reduction product of a-bromo- and a-chloro-camphor-sulphonic 
acids, both of which yield with hydrindamine the separable isomeric 
partially racemic salts already described, and consequently it seemed 
highly probable that hydrindamine camphor-z-sulphonate would be 
resolvable into corresponding products by fractional crystallisation. 

At first, great difficulty was experienced in isolating fractions 
showing any difference in properties whatsoever, but after some fruitless 
attempts, preparations differing considerably in specific rotation were 
obtained. 

The assumption that these different fractions represented the long- 
sought-for analogues of the isomeric hydrindamine bromocamphor- 
sulphonates, seemed to be justified in the first instance, as various 
preparations showed a constant difference in optical properties, but 
the great similarity in appearance—although not greater than in the 
case of the cis-r-camphanates—the extremely small proportion of the 
more sparingly soluble isomeride, its low specific rotation, and other facts 
aroused suspicion as to the accuracy of such a view, and further 
experiments showed it to be untenable. 

The separation of the crude hydrindamine d-camphor-z-sulphonate 
into different fractions was ultimately proved to be due to the 
presence of an extremely small quantity of a salt derived from ap 
isomeride of the d-acid. There were, therefore, three possibilities. 
The new isomeride might be (a) enantiomorphously related to, (6) 
optically different from, but structurally identical with, or (c), optically 
and structurally different from, d-camphor-r-sulphonic acid. Expert 
ment showed that the two acids are enantiomorphously related. 

Now the d-acid was prepared by the reduction of purified ammonium 
bromocamphorsulphonate, which, in its turn, had been obtained from 
the product of the sulphonation of a-bromocamphor ; it follows, there- 
fore, that racemisation occurs, although to a very limited extent, 


* As the SO,H group in this acid is in the same position in the molecule as the 
halogen atom in x-chloro- and »-bromo-camphor (Kipping and Pope, Trans., 1895, 
67, 371), the letter » is used to distinguish this acid from the isomeride discovered 
by Reychler. . 
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either during the reduction of the bromo-acid or during the sul- 
phonation of the bromocamphor. 

The optical inversion of camphor itself has already been observed 
by Kipping and Pope (Trans., 1897, '71, 958), who pointed out that 
the formation of enantiomorphously related acids on sulphonating 
this ketone necessitates the conclusion that during the reaction a 
partial racemisation takes place. It was also stated in the same 
paper (p. 962) that “in the case of a-bromocamphor, optical inversion 
does not accompany sulphonation.” This statement at the time 
seemed to be based upon sufficient evidence, namely, the fact that, 
even when working with very large quantities of bromocamphorsul- 
phonic acid and its derivatives, the presence of isomerides had never 
been observed. Since then, a great deal of work has been done with 
this acid, and the existence of optically isomeric forms has until now 
passed unnoticed ; probably they would have long remained undis- 
covered had it not been that, judging by analogy, d-camphor-z-sul- 
phonic acid should give isomeric, partially racemic hydrindamine 
salts, and large quantities of this salt were therefore examined with 
great care. 

It must now be concluded, however, that the statement referred to 
above is incorrect, and that a-bromocamphor, like camphor, may be 
partially racemised during sulphonation. This, no doubt, is an extra- 
ordinary fact: as will be evident from the following diagrammatic 
representation, racemisation necessitates the transference—as a 
whole—of part of one of the closed chains from one position to 
another, 


a change compared with which all other cases of racemisation appear 
to be extremely simple. 

That this partial racemisation occurs during the sulphonation of the 
bromocamphor, and not during the reduction of the ammonium salt of 
the sulphonic acid, is tolerably certain ; firstly, because camphor itself 
18 racemised during sulphonation ; secondly, because the conditions of 
the experiment and the reagents used in reducing the bromo-acid are 
not such as usually bring about intramolecular change (the conversion 
of w-bromocamphoric anhydride into isocamphoric acid on reduction 

g in no wise an analogous case) ; and thirdly, because a considera- 
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tion of the formula, which has previously been assigned to bromocam- 
phorsulphonic acid (Kipping, Trans., 1896, 69, 913), 
CH,°CMe-CHBr- 
re Me 
| ~CH,°SO,H 
CH,*CH-CO— 
renders this conclusion the more probable. 
Since the /-acid, which is found to be present, is enantiomorphously 


related to the d-acid, the asymmetric group, Spocie “SO. H? im the 
2 YU, 


former must be the antipodes of this group in the latter ; consequently, 
if racemisation were to occur during the reduction of the bromo-acid, 
the group in question, as well as-the closed ring, would have to undergo 
optical inversion, whereas if the bromocamphor itself is racemised, 
sulphonation alone would give the enantiomorphously related forms.* 
For these reasons, which appear to be conclusive, the presence of 
7-bromocamphorsulphonic acid in the ordinary d-acid may be considered 
as established ; but the quantity of this isomeride is so small that to 
try and isolate an externally compensated or racemic compound from 
the ordinary ammonium salt seemed to be a task of such difficulty, and 
to offer results of such small value, that it has not been attempted. 


It may be pointed out, however, that the proportion of the /-acid 
may vary considerably in different preparations, depending upon the 
method of sulphonation and other details. 


EXPERIMENTAL. 


The camphor-7-sulphonic acid employed in these experiments was 
prepared by reducing ammonium bromocamphorsulphonate with zine 
dust and ammonia (Kipping and Pope, Trans., 1895, 67, 358) ; after 
precipitating the zinc with hydrogen sulphide, the solution was boiled 
with baryta until free from ammonia, and then the barium exactly 
precipitated with dilute sulphuric acid; the filtrate, on evaporation, 
gave a syrup which was freed from hydrogen bromide by repeatedly 
taking up with water, and finally by treating with precipitated silver 
oxide. 

The salt, prepared by neutralising the aqueous solution of the acid 
with externally compensated hydrindamine and then evaporating to 4 
moderate bulk, crystallised in large, fairly well-defined plates or prisms, 


* If the constitution of bromocamphorsulphonic acid be really represented by 
the above formula, as there are good reasons for supposing it to be, the formation of 
optically different forms of this and of the corresponding a-chloro- and halogen: 
free acids by the displacement of hydrogen from different’‘methyl groups would seem 
to be not improbable, but hitherto no such isomerides have been discovered. 
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and on further concentration the mother liquors gave successive 
deposits, apparently all of the same kind. On repeatedly recrystallis- 
ing the several fractions from water or dilute alcohol, they all seemed 
to be homogeneous, and neither the appearance nor the melting point 
of the new deposits showed any indication of the presence of isomerides ; 
when, however, after some 15 to 20 operations, the specific rotation of 
the first or most sparingly soluble, and that of the last or most readily 
soluble, fraction were determined, a slight difference was sometimes 
noted, and on further recrystallisation of the most sparingly soluble 
fraction until it had been reduced to about 2 per cent. of the original 
salt, this difference became well-marked, as shown by the following 
determinations : 


Sparingly soluble fraction : 0°5288 gram of the air-dried salt was dis- 
solved in 99°8 per cent. ethyl alcohol, the solution diluted to 25 c.c., 
and examined in a 200 mm. tube: ap = +1°38’,[a]p = +38°5°. 

Readily soluble fraction : 0°5245 gram of the air-dried salt under the 
same conditions gave ap = +2°3’,[a]p = +48°8°, 


The specific rotations were also different in aqueous solution ; dis- 
solving 0°5 gram in each case and diluting to 25 c.c., the air-dried 
preparations gave the following results in a 200 mm. tube: 


Sparingly soluble fraction: ay = +1°13',[a]p = +30°. 
Readily soluble fraction: ap = +1°37', [a]lp = +40°2° 


As these two preparations appeared to represent isomeric partially 
racemic salts analogous to the hydrindamine bromocamphorsulphonates 
(loc. cit.), considerable quantities of the crude material were prepared 
and fractionated, but, as there was no indication of any separation 
having occurred, many of the most sparingly soluble portions were 
found at first to have a specific rotation practically identical with that 
of the readily soluble fractions ; on further crystallisation, however, it 
always seemed possible to obtain a sample having a specific rotation of 
about +30° in aqueous solution, that of the main product being from 
+40° to + 42° 

The apparently constant values of the specific rotations of the two 
preparations seemed to stamp them as definite, but different, compounds, 
notwithstanding their great similiarity in other properties; when 
crystallised from various solvents and then examined under the micro- 
Scope, the two preparations showed no noteworthy difference, except 
that the more readily soluble substance usually formed the more well- - 
defined crystals ; the melting points of the two preparations were also 
very close together, the more sparingly soluble portion melting at 
about 201—202°, the other at about 197—198°, but in both cases the 
rate of heating and the size of the crystals affected the result, so that 
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too much weight could not be attached to the observed difference in 

behaviour. Analyses showed that the salts were isomeric and contained 

practically the same amount of water of crystallisation. ; 
Sparingly soluble salt : 


0°5006 air-dried salt lost 0°0216 H,O at 100°. H,O=4:3. 
0°2309 anhydrous salt gave 01500 BaSO,. S=8-9. 


Readily soluble salt : 


0°5069 lost 0°0249 H,O at 100°. H,O=48. 

0°2604 anhydrous salt gave 0°1653 BaSO,. S=8-7. 
O,H,,N,C,,H,,0°SO,H,1}H,O requires H,O = 4°7 per cent. 
0,H,,N,C,,H,,0°SO,H ” S=8'7 per cent. 


In order to obtain further evidence in favour of the view that these 
preparations were both partially racemic salts, it was necessary to com- 
pare their molecular rotations with that of camphor-z-sulphonic acid ; 
the ammonium salt of this acid was therefore prepared and anhydrous 
samples used in the following determinations : 


0°5 gram dissolved in water and the solution diluted to 25 c.c. gave 
in a 200 mm. tube ap= + 2°39°5’, [a]p= +66°5°, and in a second 
experiment,"ap= +2°41', [a]p= +67°. 


The molecular rotation of the acid, calculated from these results, is 
[M])= +166°. 

Taking the values [a]»>= +30°, 31°, 30°4°, 30°5°, which had been 
obtained with various air-dried samples, for the specific rotation of 
the more sparingly soluble salt, the molecular rotation was [M])= 
+111°, that of the isomeride, which gave [a]»>= + 40°, 42°7°, 42°5°, 
being about 155°; the values for the anhydrous salts would be 
therefore + 117° and 163° respectively. 

So large a difference between the calculated and observed values, 
in the case of the more sparingly soluble salt, aroused suspicion as to 
its supposed partially racemic character, and the following experiment 
was therefore made : 


0°5 gram of air-dried salt was dissolved in water, and the solution, 
after diluting to 25 c.c., was examined in a 200 mm. tube; the mean 
of many concordant readings gave ap= +1°9’. 


The whole of this solution was then carefully washed into a flask, 
and the theoretical quantity of W/10 sodium hydroxide necessary to 
liberate the base was added ; after boiling until all the hydrindamine 
had been expelled, the solution was again made up to 25 c.c. and ex: 
amined in a 200 mm. tube. 

The average reading was now +1°10’, so that the specific rotation 


ty 
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had undergone no change, and the molecular rotation calculated from 
this result was about + 107°, or, allowing for the water of crystalli- 
sation, about + 112°. 

This experiment proved, therefore, that the low molecular rotation 
of the sparingly soluble salt was in no way connected with the pre- 
sence of hydrindamine, but depended entirely on the acid, and as 
the analysis of the salt showed it to be a pure hydrindamine camphor- 
sulphonate, the only conclusion to be drawn was that the sparingly 
soluble salt contained an acid isomeric with, but optically different 
from, d-camphorsulphonic acid, 

The practically constant values obtained for the specific rotation of 
different preparations of the more sparingly soluble salt seemed to 
indicate a homogeneous substance, but on repeatedly recrystallising a 
sample of about 3 grams ([a])>= + 30°) from water and dilute alcohol, 
the specific rotation in aqueous solution fell from +30°to + 16°, then 
to +10°5°, and finally to +8°8°, after which, partly owing to lack of 
material and partly because no further change seemed to occur, further 
fractional crystallisation was not attempted. 

The results of the last experiments still left open the question as to . 
the nature of the isomeric acid, although they seemed to indicate the 
presence of an optically inactive salt ; that the isomeride is enantio- 

» morphously related to the d-acid was, however, proved as follows. 

A sample of salt having a specific rotation about [a])»= + 15° was 
triturated with phosphorus pentachloride, and the sulphonic chloride, 
isolated in the usual manner, was then examined ; on fractionally ex- 
tracting it with boiling light petroleum, the first extracts gave de- 
posits of fern-like masses, which in appearance were indistinguishable 
from the crystals of externally compensated or pseudoracemic cam-. 
phorsulphonic chloride (Kipping and Pope, Trans., 1893, 63, 560) ; 
the melting point of these deposits, as well as their behaviour on 
remelting, was also that of the optically inactive chloride. Further, 
on crystallising these deposits from ethyl acetate, small, transparent, 
four-sided plates, exactly like those of the pseudoracemic compound 
(loc. cit., p. 562), were observed. 

There can be little doubt, therefore, that the sparingly soluble 
fractions of the hydrindamine camphorsulphonate contain a levo- 
rotatory acid, which is enantiomorphously related to the d-acid, of 
which probably at least 95 per cent. of the crude acid consists. 


Nature of the Salts. 


The fact that the d-J-hydrindamine d-/-camphorsulphonate aceum- 
ulates in the more sparingly soluble portions, whilst a practically 
pure, partially externally compensated salt is deposited from the 


i 
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final mother liquors, on crystallising the mixture of the two, seems 
to show that the d- and /-acids, when combined with the d- and 
L-bases, form a racemic compound. 

The case, however, does not appear to be quite so simple as 
those which have been dealt with theoretically by Bakhuis-Rooze. 
boom (Zeit. physikal. Chem., 1899, 28, 494), who has so ably discussed 
the principles of the methods by which a racemic compound can be 
distinguished from a non-racemic mixture. 

On neutralising the mixture of the d- and Lacids with the ex- 
ternally compensated base, the following four salts will be produced: 


dAdB, dAIB, (AGB, /A/B, 


of which the first two will be present in large excess; the salt 
which is finally obtained in the most sparingly soluble fraction, 
[a|p>= +9°, is therefore a mixture of about four parts of /AdB, 
dAJB, or of AJB, dAdB, to one of dAdB, dAJB, whilst from the final 
mother liquors, the salt, dAdB, dA/B, is deposited in a practically 
pure condition. 

Now, since dAdB and dA/B are equally soluble, because the base 
contained in the last fractions of the salt is optically inactive, and 
the solubility of /AdB must be the same as that of dA/B, it would 
seem that dA/B, of which there is a much larger quantity than of 
LAGB, should crystallise out before the latter, unless they form to- 
gether a more sparingly soluble racemic salt which causes the separ- 
ation of 7AdB with dA/B. 

That the solubility of the salt-pair, 7AdB, dA/B (or /AJB, dAdB), 
is very different from that of the partially externally compensated 
salt, dAdB, dA/B, is shown by the following determinations. 

A sparingly soluble fraction, [a])>= + 29°, was shaken with water 
until the solution was saturated at 14°; the solubility was found 
to be 3°5 parts of anhydrous salt in 100 parts by weight of water. 
A readily soluble fraction, [a]>= + 42°, treated ina similar manner, 
dissolved to the extent of 8-7 parts of anhydrous salt in 100 of 
the solvent. 

The specific rotations of the anhydrous samples, obtained by eva- 
porating to dryness the two solutions and then heating at 100° until 
constant, were determined in aqueous solution, with the following 
results : 


Sparingly soluble: 0-1773 gram : volume 25 c.c. 200 mm. tube. 
ap = + 37’ ; [a}o= + 43°4°, 

Readily soluble: 0°5107 gram under the same conditions, ap= 
+152’; [a]p>= +45°8° 

The value for the readily soluble salt gives a molecular rotation 


at | 
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of [M]>= +167°, which is very close to that of ammonim cam- 
phor--sulphonate, showing that the salt contains equal quantities of 
dAdB anddAJB. The results obtained with the mixture of the salts 
of the d- and /-acids seem to indicate the existence of a racemic 
compound ; as already stated, the melting point of the mixture is 
about 5° higher than that of the partially externally compensated 
salt, but here again the evidence is inconclusive. 

The partially externally compensated salt separates from cold 
water in large, transparent, rhomboidal prisms, which become 
opaque when heated alone or in contact with the mother liquor; it 
is readily soluble in boiling water and cold alcohol, but only very 
sparingly so in boiling ethyl acetate, and practically insoluble in ether. 
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XXXIX.—aa-Hydroxycamphorcarboxylic Acid. 


By Artuur LapwortH and Epwin M. Cuapman. 


Ir has recently been shown by one of us (Trans., 1900, '77, 1061) 
that when a-chloro- or a-bromo-cyanocamphor is heated with potash, 
it does not undergo a simple hydrolysis as does cyanocamphor itself, 
but it is, in part, reduced, probably in the first instance to cyano- 
camphor, so that a-substituted homocamphoric acids cannot be obtained 
by this method. It appeared almost certain, however, that a-hydr- 
oxycyanocamphor or a-hydroxycamphorcarboxylic acid would not be 
prone to undergo such a preliminary reduction, and might therefore 
readily yield a-hydroxyhomocamphoric acid or its lactone, from which 
the corresponding halogenised acid could be prepared. : 

Attempts to replace the halogen atom of bromo- or chloro-cyano- 
camphor by hydroxyl were without result, and an entirely different 
mode of preparing the hydroxy-compound was tried ; namely, by the 
addition of hydrogen cyanide to camphorquinone : 


CH, CH—0O CH,-CH—c<CH 


| oe + HON | Me, | 
CH,°CM CH,"CMe—CO 


VOL, LXXIx, . DD 
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The new compound would not, of course, yield hydroxyhomocam- 
phoric acid on alkaline hydrolysis, as a-hydroxynitriles at once lose 
hydrogen cyanide under these conditions, but, by hydrolysis in acid 
solution, it was hoped that the carboxylic acid could be prepared and 
that this, on treatment with strong alkali, would break up like other 
8-ketonic acids, including camphorcarboxylic acid itself, affording the 
desired derivative of homocamphoric acid : 


OH,-CH—0<ON CH,-CH-CH(0H)-00,H 
Me, | + 3H,O = | CMe, + NH, 
OH,*CMe—CO OH,-CMe:CO,H 


Whilst some of these anticipations have been realised, much difi- 
culty was experienced in obtaining good yields of the products, owing 
mostly to the resistance offered by the nitrile and the amide to 


{ 
hydrolysis, and as the desired homocamphoric acid derivatives had ; 
been obtained meanwhile by another method (Trans., 1900, '77, 1066), 
the investigation was discontinued. Some of the observations which 
were made, however, are thought worthy of record. 

Camphorquinone readily unites with nascent hydrogen cyanide c 
under the proper conditions, affording a camphoraceous substance 0 
which has all the properties of an a-hydroxynitrile, and regenerates ry 
the quinone when heated, or when treated with alkalis. The nitrile of 
is very stable towards acids, however, and is only very slowly hydro- 
lysed, even with hot hydrochloric acid, or 60 per cent. sulphuric acid ; co 
when mixed with cold fuming sulphuric acid, however, it dissolves 
without appreciable charring, and on pouring this solution into water, ad 
a bulky precipitate is obtained, from which the amide of hydroxy- no 
camphorcarboxylic acid may be isolated. Judging from the fact that 
the whole of the substance precipitated has the same general proper- car 
ties as the purified amide, and yet yields only a certain proportion of 
of what can undoubtedly be regarded as an individual substance, rep 
it would appear to be a mixture of amides, probably stereoisomeric, tha 
but we found it impossible to isolate more than one modification in obs 
spite of careful fractionation with various solvents. The amide thus (Al 
produced is not less stable towards acids than is the original nitrile, hyd 
and only by prolonged heating with fuming hydrobromic acid could cam 
any large proportion of it be converted into the carboxylic acid ; the A 
use of nitrous acid, which has so frequently been found of value in may 

With 


the case of other stable amides, was here practically useless, as the pro- 
ducts obtained could only be crystallised with difficulty. 
a-Hydroxycamphorcarboxylie acid, obtained from the purified 
amide, has all the characters of an a-hydroxy-acid. It is readily ox- 
dised by acetic acid and lead peroxide, affording camphorquinone, and 
on distillation loses carbon dioxide, yielding hydroxycamphor, identi- 
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cal, as was to be expected, with the substance obtained by Manasse 
on reducing camphorquinone with zinc dust and acetic acid (Ber., 
1897, 30, 659). It yields an acetyl derivative when treated with 
acetyl chloride, and is decomposed on prolonged boiling with alkali, 
probably being hydrolysed with formation of a-hydroxyhomocamphoric 
acid, but owing to the small quantity of acid which we were able to ~ 
obtain, this point was not decided, and experiments with the impure 
homocamphanic acid prepared from a-bromohomocamphoric acid showed 
that its isolation in a crystalline state is frequently a matter of con- 
siderable difficulty, even when fairly large quantities are available. 

A question which naturally suggests itself in relation to the above 
processes concerns the position which is attacked by the hydrogen 
cyanide, and it might be thought that no positive statement could be 
made as to which of the two carbonyl groups in camphorquinone 
would be the more reactive. This, however, is not the case, as there 
ean no longer be any doubt that a carbonyl group of a ketone or an 
acid is more or less reactive according as it is attached to a primary, 
secondary, or tertiary carbon atom. The well-known case of the 
difficulty experienced in esterifying a carboxyl group in the complex, 


oS 


ae is doubtless only a special instance of the applicability 


of this principle, and it appears that the unsaturated group in the 


C 
complex, ODOKY, has an exceptionally feeble power of forming 


additive compounds, a fact exemplified by camphor itself, which shows 
no inclination whatever to combine with hydrogen cyanide. 

Taking the case, then, of camphorquinone, it is certain that one 
carbonyl group, namely, that representing the original carbonyl group 
of camphor, is attached to a tertiary carbon atom, whilst the other, 
representing the *CH,° group of camphor, is affixed to a }CH group, so 
that it should be correspondingly reactive. These considerations and the 
observed inability of camphor itself to combine with hydrogen cyanide 
(Alvisi, Gazz., 1893, 22, i, 265), make it practically certain that the 
hydroxynitrile obtained from camphorquinone is aa’-hydroxycyano- 
camphor and not the isomeride. 

As more direct evidence of the truth of the foregoing conclusion 
may be cited the fact that camphorquinone phenylhydrazone is identical 
With the substance obtained by the action of diazobenzene on a-cam- 
phorearboxylic acid (Annalen, 1892, 274, 87 ; 1894, 281, 347), showing 
that the carbonyl group of the quinone which i is most liable to attack 
is not the one which is present in camphor itself. 
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EXPERIMENTAL. 


Preparation of Camphorquinone.—This substance was first obtained 
from isonitrosocamphor by the use of nitrous acid, and in smaller 
quantities by boiling the substance with sodium bisulphite solution 
(Claisen and Manasse, Annalen, 1892, 274, 84). The yield by either 
method as described by these authors is poor, and, in the case where 
nitrous acid is used, the quinone obtained, although apparently homo- 
geneous, is always contaminated with large quantities of camphoric 
anhydride, from which it is a matter of difficulty to free it. These 
facts have already been noted by Manasse (Ber., 1897, 30, 662) who 
in the same place states that, by a modification of the bisulphite 
method which is not described, he was able to obtain the pure sub- 
stance in quantities occasionally as great as 80 per cent. of the 
theoretical. 

It occurred to us that a good yield of the quinone might be ob- 
tained by using isonitrosocamphor in solution, instead of in the solid 
state, and producing sodium hydrogen sulphite in the solution, and 
although we have not succeeded in obtaining quite so good a yield as 
that mentioned by Manasse, the following method appears to be more 
satisfactory than any hitherto described. 

isoNitrosocamphor (25 grams) is dissolved in glacial acetic acid 
(45 ¢.c.) and to the solution is added slowly finely powdered hydrated 
sodium sulphite (100 grams), the mixture being shaken vigorously 
and warmed over a naked flame during the addition; the whole is 
boiled for an hour on a sand-bath under a reflux condenser, hydro- 
chloric acid (100 c.c.) is then slowly added to the boiling solution, and 
the heating continued for half an hour, when the liquid is diluted 
with water, cooled, and filtered, the yellow precipitate of camphor- 
quinone being submitted to distillation in a current of steam. 

Camphorquinone p-Bromophenylhydrazone, C,,H,,0:N*NH-O,H,Br, is 
formed when very dilute solutions of p-bromophenylhydrazine acetate 
and camphorquinone are mixed, and is precipitated as a yellow, granular 
powder. It may be crystallised from a large bulk of glacial acetic 
acid and forms small, bright yellow, transparent, rhombohedral crystals; 
it melts at 215—216° without appreciable decomposition, but does not 
afterwards solidify readily. On analysis: 


0°3314 gave 0'1824 AgBr. Br=23°4. 
C,,H,,ON,Br requires Br = 23°8 per cent. 


It is sparingly soluble in ethyl or methyl alcohol, acetone, ethyl 
acetate, or formic or acetic acid, very sparingly so in chloroform ba 
benzene, and nearly insoluble in light petroleum. The slight solubility 


. eyanj 
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of this substance renders it an easy matter to test for camphorquinone, 
even when present in very small quantity. 

The hydrazone dissolves readily in cold strong sulphuric acid, form- 
ing a bright yellow solution which, on addition of a little nitric acid, 
becomes successively brilliant green, pink, and finally colourless. 

Betti (Ber., 1899, 32, 1995) has shown that camphorquinone phenyl- 
hydrazone exists in two desmotropic modifications, the form usually 
obtained being enolic, and yielding in benzene solution a red coloration 
with ethereal ferric chloride, whilst the ketonic form is isolated by 
treating saturated solutions of the enolic form with a little piperidine, 
when crystals of the second modification are deposited. We have only 
been able to obtain the y-bromophenylhydrazone in one form, and that 
appears to be the ketonic modification, as it yields no coloration what-- 
ever with ferric chloride. 

Camphorquinonesemicarbazone, C,)H,,0:N*-NH:CO*NH,.—This sub- 
stance is obtained by adding to camphorquinone dissolved in a little 
alcohol the calculated quantity of semicarbazide hydrochloride and 
sodium acetate dissolved in water, and warming on the water-bath for 
a short time ; the colour of the quinone gradually disappears and the 
semicarbazone is isolated by driving off the alcohol on the water-bath, 
adding water to the residue, and crystallising the undissolved portion 
from dilute methyl! alcohol. 

The substance thus obtained is practically colourless, and separates 
from methyl alcohol in elongated, apparently orthorhombic plates, 
having straight extinction, the direction of greatest length being 
coincident with that of least elasticity. When heated, it turns yellow 
at 210°, and melts and decomposes at 228—229°. _ On analysis : 


0°1940 gave 0°4168 CO, and 0°1346 H,O. C=586; H=7°7. 
C,,H,,ON, requires C=59'1; H=7°6 per cent. 


It is somewhat striking that this substance should be so nearly 
colourless, when it is considered that the analogous hydrazones and ~ 
the quinone from which it is derived are all strongly coloured, and it 
is at first thought probable that some structural change had occurred. 
It was therefore hydrolysed by warming with hydrochloric acid, but 
4 yellow colour at once appeared, and, after half an hour, addition of 
excess of sodium acetate and p-bromophenylhydrazine acetate produced 
& precipitate of the characteristic camphorquinone p-bromophenyl- 
hydrazone. 


O(OH)-ON 
a-Hydroxycyanocamphor, O,H, <do : 


Camphorquinone (5 grams) mixed with finely powdered potassium 
cyanide (15 grams) is placed in a flask and covered with 25 c.c, of 
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pure dry ether, and cooled with a mixture of ice and salt. To the 
liquid, glacial acetic acid is then added from a tap funnel in small 
quantities at a time, when in the course of a few minutes the colour 
of the quinone disappears, An equal bulk of water is then added, the 
whole well shaken, and the ether separated and allowed to evaporate 
spontaneously. A yellowish oil remains, which can be converted into 
a solid material by trituration with moderately strong acids, as these 
appear to remove in some way the impurities which prevent crystal- 
lisation. 

The hydroxynitrile may be partially purified from light petroleum, 
but, in spite of frequently repeated attempts, no large quantity of it 
bas been obtained in a pure state, and it appears to be a mixture of 
nitriles, probably stereoisomerides. By repeated crystallisation, a 
small quantity of a substance may be obtained in the form of well- 
defined, six-sided orthorhombic plates, in which the directions of 
greatest length and elasticity are at right angles. When heated, these 
crystals turn yellow, and melt at 197—198°, which is approximately 
the melting point of camphorquinone, to which, at about this tem- 
perature, the substance probably reverts. 

The nitrile has all the general properties of a-hydroxynitriles. 
It is decomposed at once by alkalis, hydrocyanic acid and camphor- 
quinone being regenerated, but is very stable towards-acids, and may 
be heated at 100° with strong hydrochloric acid for several days 
without suffering complete conversion into the hydroxy-acid. It dis- 
solves in common sulphuric acid, and is precipitated practically 
unchanged on dilution; with fuming sulphuric acid, however, it is 
converted into the hydroxyamide. 


¢ 


OH):CO:-NH 
Hydroxycamphorcarboaylic amide, C,H,, <u : 


Hydroxycyanocamphor is dissolved in an equal weight of ordinary 
sulphuric acid, and the solution poured into about twice its bulk of 
fuming sulphuric acid, containing about 20 per cent. of anhydride; 
the whole is then poured into a large bulk of water, and the resulting 
bulky white precipitate collected on a filter. This substance is the 
amide, corresponding with the hydroxynitrile, but is certainly not a 
uniform substance; on crystallisation from acetone, however, it 
readily yields about one-third its weight of a well-crystallised sub- 
stance, of which a specimen was analysed : 


0:1890 gave 0°4352 CO, and 0:1389 H,O. C=62'8; H=8'l. 
C,,H,,O,N requires C=62°6 ; H=8:l per cent. 


The amide is insoluble in light petroleum, very sparingly soluble in 
hot benzene or chloroform, and sparingly so in hot acetone or cold 
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alcohol, but dissolves moderately readily in hot alcohol. It is best 
crystallised from hot acetone, from which it separates on cooling in 
hard, lustrous, transparent prisms, which, when heated, sublime - 
slowly and finally melt, somewhat indefinitely, at 235—240°. 

The crystals are well-formed orthorhombic prisms, which show the 
forms {100}, {010}, and {011}, the angle 101—101 being about 124°. 
They are extended in the direction of the a-axis, and usually flattened 
in that of the b-axis. The acute bisectrix is the a-, the obtuse being 
the b-axis. The elasticity in the direction of the a-axis bxceeds 
that along the c-axis, so that the double refraction is negative. It is 
difficult to obtain a specimen melted between glass slips, owing to the 
rapidity with which the substance sublimes at about its melting point ; 
but it was found to solidify in very well-formed needles or long, flat 
plates of the same type as the crystals from acetone. I+ distils with 
very little decomposition when heated, and is very stable towards 
hydrolytic agents in general. Attempts to convert it into the acid 
by means of sodium nitrite were unsuccessful, as the products failed 
to crystallise. 


~ 


(OH)-CO,H 
Oo . 


a-Hydroxycamphorcarboxylic acid, 0,8, <4 


In order to prepare this acid, the nitrile is boiled with hydro. 
chloric acid for several days, and, without waiting for complete con- 
version, the liquid is evaporated to dryness and extracted with a solution 
of sodium carbonate. The solution of the sodium salt is evaporated, 
acidified, and extracted with ether ; on evaporation, the hydroxy-acid 
is left as a white mass of interlaced, glistening needles. 

It may also be prepared from the purified amide by heating this 
with strong hydrobromic acid. The crude amide appears to be useless 
for the purpose, as it yields an indefinitely crystalline mass which 
is difficult to resolve into the pure constituents. It may be ecrystal- 
lised from a mixture of ethyl acetate and petroleum. A specimen was 
dried at 100° and analysed : 


01969 gave 0°4508 CO, and 0°1336 H,O. C=62°4; H=7°5. 
C,,H,,0, requires C= 62'2; H=7°5 per cent. 

Hydroxycamphorcarboxylic acid dissolves sparingly in water, readily 
in ethyl acetate, acetone, methyl or ethyl alcohol, or acetic acid, but 
is nearly insoluble in chloroform, benzene, or petroleum. It crystal- 
lises from a mixture of ethyl acetate and petroleum in brilliant, 
colourless needles or prisms, which melt and decompose at 207—208°, 

The crystals ‘are six-sided, orthorhombic plates, having straight 
extinction, and the directions of greatest length and elasticity are 
coincident, It is almost impossible to obtain a specimen melted 
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between glass slips, owing to the rapidity with which it decomposes ; 
a few isolated needles resembling the small crystals from solution are, 
however, occasionally observed. 

It is a monobasic acid; 0°1625 required 7°45 c.c. W/10 soda for 
neutralisation, whence the equivalent of the acid is 218, the cal. 
culated number being 212. 

A dilute solution of the sodium salt gave no precipitate with salts 
of barium, copper, manganese, cobalt, nickel, chromium, bismuth, or 
mercury, but with lead acetate or calcium chloride a precipitate is 
produced on boiling ; with ferric chloride, a red solution is obtained 
which affords a precipitate when boiled. 

Hydroxycamphorcarboxylic acid, although containing a carbonyl 
group, does not afford precipitates when boiled with solutions of 
hydrazine or semicarbazide acetate, and does not react with hydr. 
oxylamine. The retarding effect of the a-substituents on the reactivity 
of the carbonyl group is thus clearly ‘brought out. 

Attempts were made to prove the constitution of the acid by 


replacing its hydroxyl group with chlorine, which should have afforded : 
ordinary chlorocyanocamphor ; on treating the substance with phos- t} 
phorus penta- or tri-chloride, hydrogen chloride was evolved, but action pm 
appeared to cease with the formation of the acid chloride, and on of 
treating the product with anhydrous formic acid, all that could be o 
isolated in a crystalline form was the unaltered hydroxy-acid. When sp 
boiled for a long time with strong potassium hydroxide solution, the 

acid was decomposed, but on acidifying the product and extracting 

with ether, only oily products could be isolated. 

In accordance with the fact thet it is an a-hydroxy-acid, it is | 
readily oxidised, with loss of carbon dioxide. A small quantity was sol 
dissolved in dilute acetic acid through which a current of steam was lib 
passed, and was treated with successive small quantities of lead mo 
peroxide. Carbon diéxide was rapidly evolved and the distillate ale 
assumed a yellow colour, due to camphorquinone, as was shown by adding ing 
a solution of p-bromophenylhydrazine acetate. The small quantity 1 
of a yellow precipitate obtained was collected and crystallised from plet 
glacial acetic acid, when small brilliant crystals of camphorquinone tem 
p-bromophenylhydrazone melting at 216° were deposited. con 

Action of Heat on Hydroxyeamphorcarboaylic acid.—When the acidis HH crys 
heated at its melting point, it rapidly loses carbon dioxide, and if the & iss 
residue is then distilled in a current of steam, a solid substance, having are | 
an unpleasant, camphoraceous odour, passes over. The distillate was V 
saturated with ammonium sulphate and the insoluble matter collected,  diox 
dried, and crystallised from a mixture of benzene and light petroleum, @ deri 
when it formed a mass of white needles melting at 205—206° 0 @ stan 


analysis ; 


aa-HYDROXYCAMPHORCARBOXYLIC ACID. 


0:2089 gave 0°5460 CO, and 0°1850 H,O. C=71:2; H=9°8. 
C,)H,,0, requires C=71:‘5 ; H=9°5 per cent. 


When heated beneath a cover-glass on a microscope slide, the sub- 
stance set to a transparent mass, with few indications of a crystalline 
structure, and was completely isotropic. It sublimed with great readi- 
ness, dissolved sparingly in water, and was precipitated from the 
solution on addition of metallic salts. Its properties were, in fact, 
identical with those of the a-hydroxycamphor obtained by Manasse on 
reducing camphorquinone with zinc dust and acetic acid (Ber., 1897, 


30, 659). 


_ 0(0Ac)CO,H 
<M i 


a-Acetoxycamphorcarboxylic acid, C,H,, 


On treating hydroxycamphorcarboxylic acid with acetyl chloride, in 
which it is insoluble, hydrogen chloride is slowly evolved, even in the 
cold, and the acid dissolves. On filtering the solution and evaporating 
to dryness, a colourless, oily mass remained, which, on exposure over 
caustic potash in a vacuum, showed no tendency to crystallise. It was 
therefore extracted repeatedly with small quantities of light petroleum 
and the fractions allowed to evaporate spontaneously. From several 
of these fractions, fine needles were deposited, and were collected and 
recrystallised from a mixture of ethyl acetate and light petroleum. A 
specimen was analysed : 


0:1689 gave 0°3804 CO, and 0°1085 H,O. C=613; H=7'1. 
C,,H,,0, requires C=61'4; H=7'1 per cent. 


The acetyl compound is practicably insoluble in cold water, but dis- 
solves at once in dilute sodium carbonate solution, carbon dioxide being 
liberated. It is sparingly soluble in cold, light petroleum, and only 
moderately so in cold benzene; it dissolves very readily in chloroform, 
alcohol, acetone, ethyl acetate, or acetic acid, and deren: in glisten- 
ing, felted needles melting at 85—86°. 

When melted between glass slips, it solidifies very hint and incom- 
pletely at the ordinary temperature, and not much more rapidly at a 
temperature approaching its melting point. The solidified portion 
consists of curious, irregularly-shaped, flattened needles of the same 
crystallographic type as those deposited from solution ; the extinction 
is straight, and the directions of greatest length and optical elasticity 
are at right angles to one another. 

When heated at temperatures above 150°, the compound loses carbon 
dioxide more or less rapidly, being doubtless converted into the acetyl 
derivative of hydroxycamphor, but, as was found by Manasse, the sub- 
stance showed no tendency to crystallise. 

When the acid is warmed with 75 per cent. sulphuric acid, and the 
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resulting solution heated in a current of steam, .the distillate gives all 
the characteristic tests for acetic acid, 


The expense incurred during the work was largely defrayed bya 
grant from the Research Fund of the Chemical Society, and for this 
the authors desire to acknowledge their indebtedness. 


CHEMICAL DEPARTMENT, SCHOOL OF PHARMACY, 
17, BLoomspury Squarg, W.C. 
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XL.—The Bacterial Decomposition of Formic Acid 
into Carbon Dioxide and Hydrogen. 


By Water Cuar.es Cross Paxes and Waiter Henry JoLiymay. 0 
Tue action of the lower organisms on chemical substances has been , 
frequently investigated, in order, if possible, to discover a case of e 
bacterial decomposition of a chemically simple nature, which might # ,, 
serve to elucidate the action of bacteria on organic compounds in § 4; 
general ; that this end has so rarely been obtained we are inclined 
to attribute to the fact that comparatively complex substances, such 
as the sugars, have hitherto formed the main subjects of investigation. 

We therefore instituted a search for compounds of very simple | 
molecular composition which should be attacked by the commoner : 
organisms, and have succeeded in proving definitely that various d 
bacteria in pure culture decompose formic acid directly into equal ] 
volumes of carbon dioxide and hydrogen. J 

Hoppe-Seyler observed (Zeit. physiol. Chem., 1887, 11, 566) that T 
on bacterially infecting a calcium formate solution with river mud, § )),, 
equal volumes of carbon dioxide and hydrogen were evolved. At & of, 
later date, P. F. Frankland and his pupils independently concluded HF ga}, 
(Trans., 1892, 61, 270, 432, 737) that a similar decomposition occuls @ pit, 
as one stage during the action of the Bacillus ethaceticus and Friet- uy 
lander’s Pneumobacillus on mannitol. 2 pe 

Since the Bacillus coli communis and others of the bacteria with Se 
which we have been working are frequently found in river mud, ow (i) 
present results are in a measure confirmatory of those of Hoppe & cont, 
Seyler. Were 

Kitasato has observed that the addition of sodium formate # 


media containing d-glucose materially assists the growth of certain 
bacteria under anaerobic conditions ; he, however, gives no details as 
to the nature of the gaseous products. We have confirmed his results 
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and made the further observation that the gases produced from media 
containing d-glucose and sodium formate differ both in volume and 
composition from those evolved from a medium differing only from the 
former in that it contains no sodium formate. 

The gases produced by the action of the Bacillus coli communis upon 
d-glucose in a solution of meat extractives containing peptone have 
been examined by Th. Smith, Chantemesse, Lehmann and Neumann, 
and others, who agree that the constituents are carbon dioxide, hydro- 
gen, and nitrogen, but differ widely as to the value of the ratio CO, : Hy. 
The proportion of carbon dioxide in the mixture is variously stated to 
be from 25 to 50 per cent. by volume. 

On analysing the gases produced from d-glucose, using the method 
of collection and analysis previously described (Pakes and Jollyman, 
this vol., p. 322), we find that the amount of gas evolved per 100 c.c. 
of medium depends upon the particular organism dealt with. The 
medium (“M”’) used for the following experiments was made by ex- 
tracting lean meat with ordinary tap water, coagulating the proteid 
by beat, and filtering; 1 per cent. of Witte’s peptone and 0°5 per 
cent, of sodium chloride are subsequently added. After addition of 
the other constituents mentioned in each series of experiments, the 
whole is heated in the steamer and neutralised with WV caustic soda. 

Series I. “M” with 2 per cent. of d-glucose. 

Total gas evolved 


: from 100 c.c. of Percentage volume 
Organism, of carbon dioxide. 


B. coli communis 8 c.c. 31:5 per cent. 
35°4 2» 

Pneumobacillus of Friedlinder 10-9 22°23 

B. maligni cedematis 36°4 40:0 ” 


The medium ‘‘M,” alone, yields but a small quantity of gas when 
planted with these organisms ; thus the B. coli communis gave 5°7 ¢.c. 
of gas per 100 c¢.c. of medium and this contained 17°8 per cent. of 
carbon dioxide, 582 per cent. of hydrogen, and 23°9 per cent. of 
nitrogen, 

The addition of sodium formate to the medium “M” containing 
2 per cent, of d-glucose gave the following results : 

Series Il. “M” with d-glucose and sodium formate. 

(i) October 15th.—Four hundred and ninety c.c. of the medium “ M” 
containing 2 per cent. of d-glucose and 0°5 per cent. of sodium formate 
Were inoculated with the B. coli communis, attached to the gas receiver 
of the apparatus already described (Joc. cit.) and incubated under strictly 
anatrobic conditions. The gas evolved was drawn off day by day and 
sualysed, with the following results ; 
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. 16th. Gas produced 390 ¢.c, containing-34°2 per cent. CO, 


» 17th. ‘ 298 i phe = 
» 18th. 4 399 ‘ 48-8 Z 
» 19th. cs 146 ‘1 56-0 ft 

20th. . 169°6 * 57-2 vt 


e residual gas was found to be hydrogen with a daily decreasing 
quantity of nitrogen. After the termination of the experiment the 
medium was very acid to litmus and therefore all the carbon dioxide 
ae | had been evolved as gas. 

i (ii) November 5th.—A flask containing 425 c.c. of the same medium 
containing d-glucose and 0°4 per cent. of sodium formate was inoculated 
with the B. coli communis and joined to the gas receiver. 


Nov. 6th. Gas produced 473 c.c. containing 36°4 per cent. 00,, 


Vii a th. i 428 ~ 440, 

ii ,, 8th, . 292 “ 540 y, E 
1} » 9th, ‘ 2268 8, rr - 
|| » 10th. ‘i 979 =, 564 i, 

i » 12th, 920 ~~, 580 Si, 

i » 2lst. 2 60 =, 523 iy, ; 
|| 


As before, the residual gas was hydrogen and a small amount of 
nitrogen. At the end of the experiment, the medium was very acid to 
litmus. 


i Similar results were obtained when the same medium was inoculated tr: 
Hi with the B. enteritidis of Gartner, the Pnewmobacillus of Friedlander, § sul 
i and the Bacillus of malignant cdema. of 
i The increasing percentages of carbon dioxide in the evolved gases led & int 

i to the conclusion that a certain amount of alkali was produced— & the 
i probably from the formate—which neutralised the acids produced by @ Th 
a the bacteria from the sugar. This neutralisation allowed the bacteris # pre 
i to attack more of the sugar and so to produce more gas. Similar results Hand 
i) can be obtained by placing about 1 per cent. of calcium carbonate in 14: 
i the medium. T 
In order to determine whether the alkali was derived from the @ 11) 

; formate, we omitted the d-glucose from the medium and substitute MF men 
| 1 per cent. of sodium formate. This was placed in test-tubes which carb 
ih were severally inoculated with the above-named bacteria and incubated J prod 
At the end of 24 hours, there was a definite froth upon the surf uy 


and at the end of 48 hours the medium was distinctly alkaline. 
Many experiments have been performed with this medium, but th 
following will serve as an example. 
Series III. “M” with sodium formate. 
October 22nd.—A flask containing 490 c.c. of meat extract in 
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with 1 per cent. of sodium formate, and neutralised, was inoculated 
with the B. enteritidis of Gartner and connected to the gas receiver. 


Oct. 23rd. Gas produced 66°8 c.c. containing 12-0 per cent. CO,. 
24th. ” 104°4 19°9 
" 97°8 20°8 
25th. 121°0 21°3 
26th. 101-0 21:1 
27th. 44°4 21°8 
28th. 27°0 20°0 


Total (exclusive of Ist) 495-6 Average 20°7 


The fact that the percentage of carbon dioxide remained so constant 
throughout the experiment suggested that the formate was decomposed 
in one stage, no secondary reactions occurring, and although it was im- 
possible to determine the alkalinity of the medium during the progress 
of the experiment, we determined subsequently that it does increase 
day by day until no further gas is evolved. 

In order to determine the amount of carbon dioxide retained in the 
medium as bicarbonate, the flask was first carefully disconnected from 
the receiver. A second receiver, full of mercury, was then connected 
to a small flask fitted with a rubber cork carrying a piece of glass 
tubing bent at right angles and a thistle tube descending to the bottom 
of the flask. By means of a pipette, 20 c.c. of the medium were 
transferred to the small flask, the cork replaced, and an excess of pure 
sulphuric acid was run into the fluid through the funnel. The contents 
of the flask were then well boiled and all the air and gas driven over 
into the receiver ; while the contents of the flask were still boiling, 
the tap of the receiver was turned and the flask quickly disconnected. 
The gas in the receiver was allowed to cool and the carbon dioxide 
present determined. The determination was several times repeated 
and the average result found to be that each 20c.c. of medium retained 
143 ¢,c, of carbon dioxide. 

There were therefore 350°3 c.c. of carbon dioxide in the medium and 
1113 ec. evolved as gas, making a total of 461°6 c.c. Control experi- 
ments were made with the medium before inoculation, but no trace of 
carbon dioxide could be found. This gas can therefore only have been 
produced from the sodium formate. 

The total amount of hydrogen produced was found to be 451°1 c.c. 
Within the limit of experimental error, the ratio CO,: H, is there- 
ore 1:1. 

This leads us to the conclusion that these bacteria decompose sodium 
formate according to the equation : 


H- CO,Na + H,O = NaHCO, +H, 
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or that the formic acid is decomposed thus : 


This decomposition of formic acid is thus similar to that induced by 
platinum black or powdered ruthenium, iridium, or rhodium. 

The use of such a medium as meat extract is open to the objection 
that it itself yields a small amount of gas. In subsequent experi- 
ments, we have therefore substituted for this medium a 2 per cent, 
solution of peptone in water. This, when inoculated with the various 
bacteria mentioned above, yields no trace of gas. 

On inoculating the 2 per cent. solution of peptone after adding 05 
per cent. of sodium chloride and varying percentages of sodium 
formate, vigorous evolution of gas occurs and the analytical examin- 
ation of the gases produced gave results exactly similar to those 
described above in detail. 

In estimating the amount of formate decomposed we have been 
unable to find any satisfactory method of determining the amount of 
formate present in the medium, we have therefore calculated the 
amount decomposed from the volume of hydrogen evolved. From this 
it seems that never more than from 25—30 per cent. of the formate 
present is decomposed: this certainly applies to proportions of from 
0°2 to 20 per cent. of formate. Many of the bacteria will grow in 
media containing as much as 5 or even 10 per cent. of formate, but we 
have as yet made no estimations of the gases produced under these 
conditions. 

Since the power of decomposing sodium formate might possibly serve 
as a useful means of diagnosis in the identification of bacteria, we have 
made some preliminary observations with a few of the better known 
organisms. . 

The following bacteria have given positive results : 

The B. coli communis (80 different strains), B. enteritidis of Gartner 
(2 strains), Pnewmobacillus of Friedlander (2 strains), B. lactis aerogenes 
(2 strains), B. cloace, B. cholere gallinarum, Proteus vulgaris, B. pro- 
digiosus, and B. rouge de Kiel. 

The following have failed to decompose the sodium formate : 

B. typhi abdominalis (11 strains), B. rhinosclerome, B. pyocyaneus 
(2 strains), B. denitrificans, B. anthracis (2 strains), B. subtilis, 3. 

mesentericus vulgatus, B. mycoides, B. ramosus, B. arborescens, B. fluor- 
escens non liquefaciens, B. janinthus, B. megatherium, B. buccalis maximus 
B. cholerae suis, Vibrio Metschnikovi, V. cholere, Vibrio of Finkler and 
Prior, Vibrio of Deneke, Spirillum rubrum, Micrococcus cereus. flavus, 
M. luteus, Staphylococcus aureus (2 strains), Staph. citreus, Staph. albus, 
Sarcina lutea, S. awrantia, and all the common Saccharomycetes. 
It will be-observed that all the bacteria mentioned above which 
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produce gas from sodium formate also produce it from d-glucose, 
whilst those which do not produce gas from sodium formate do not 
produce it from d-glucose ; the yeasts, however, it is important to note, 
do not produce gas from the formate, although they readily decompose 
d-glucose. 

We are extending this work on the action of bacteria to other 
substances of a similar nature, and hope shortly to publish the results 
obtained with acetic and oxalic acids. 


XLI1—Preparation of Substituted Amides from the 
Corresponding Sodamides. 


By ArtHur WatsH TitHertey, M.Se., Ph.D. 


Ina previous paper (Trans., 1897, '71, 460), the author drew attention to 
the behaviour of sodium acetamide, and other sodamide derivatives with 
alkyl haloids ; and it was shown that the action was somewhat anom- 
alous in the sense that it appeared difficult to bring about simple 
change, This observation has been confirmed by subsequent experi- 
nents, although, under favourable conditions, it has been found pos- 
sible to bring about simple condensation in many cases. As it seemed 
important to ascertain these conditions, and to determine how far it 
was possible to apply the reactions for synthetical purposes, a series 
of experiments were carried out in order to effect a condensation be- 
tween sodamide derivatives of the type R*CO-NHNa, and various 
halogen products. Of the latter, those which have been used are : 


a. Alkyl haloids. c. Halogen-substituted esters. 
b. Acid chlorides. d. Bromamides. 


The action of the halogens, bromine and iodine, which was also 
examined in the attempt to imitate Spring’s reaction, gave only very 
unsatisfactory results, owing to complex changes taking place, the 
nature of which has not been studied. 

With a, b, and ¢, it has been found that, under suitable conditions, 
sodium derivatives of the aromatic amides in general behave normally, 
simple condensation taking place ; for example : 


C,H,-CO-NHNa + C,H,I = C,H,-CO-NE-C,H, + Nal. 
C,H,-CO-NHNa + CH,*COCI =0,H,'CO-NH-CO-CH, + NaCl. 
On the other hand, sodium derivatives of the aliphatic amides be- 
have differently, yielding, as a rule, only small quantities (if any- 
thing) of direct condensation products, owing to unexpected bye 
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reactions which occur. The importance of this, in its bearing upon 
the difference in constitution between aliphatic and aromatic amides, 
will be discussed later. 

A much easier and more convenient method of replacing the sodium 
atom in these sodium derivatives by alkyl groups, and thus of syn- 
thesising various alkyl-substituted amides, is by heating the sodamide 
with potassium alkyl sulphates, when the following change occurs: 

R:CO:-NHNa+ KR'SO, = R:CO-NHR! + KNaSO,. 

This method has the advantage of simplicity, and is applicable 
equally to fatty as well as to aromatic amides. During the course of 
this investigation, it has been considerably used in the preparation of 
monoalkyl-, as well as simple and mixed dialkyl-acetamides and 
-benzamides. 

Sodium derivatives of monoalkyl amides, R-CO-NNaR}, have been 
obtained by the action of sodamide, which reacts similarly to simple 
amides, although less readily, ammonia being disengaged thus: 


R:CO-NHR! + NaNH, = R:CO-NNaR! + NH,. 


_ —_ a= 


I. SyntHeszes with Hatocen Orcanic ComPounns. P 

Action of Alkyl Iodides on Sodamierde Divatives. of 

When sodium acetamide, sodium benzamide, &c., suspended in benzene se 

(in which they are slightly soluble), are heated with methyl or ethyl ds 

iodide, ethylene dibromide, &c., no reaction takes place. In presence bo 

of alcohol, however, a steady action sets in, with continua! formation re 

of sodium iodide or bromide, and after a few hours boiling the change of 

f is complete, and the reaction neutral. As organic sodamides are 80 

L quite stable in the presence of alcohol (Trans., 1897, '71, 467), it was th 
Me thought at first that a change must have occurred between the sodium ste 
i derivative and the alkyl haloid, for instance : th 
if OH,-CO:NHNa + OH,I =CH,'CO-NH-CH, + Nal. si 
1 On working up the product, however, it was found that simply fur 
| . acetamide, and not the methyl derivative (in this case), had been wit 
i formed. This was found to be true with other alkyl haloids, that is, but 
} in all cases, when alcohol was used, acetamide was formed. Obviously, y 
He therefore, alcohol takes part in the reaction, and it was subsequently met 
th proved that an ether is produced, which in the earlier experiments rest 
case 


| passed off undetected ; thus: 


CH,°CO-NHNa + CH,I + 0,H,-OH = 
CH,-CO-NH, + Nal +CH,°0°C,H;, 


This was shown to be the case by varying the alcohol and alkyl 
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haloid in different experiments. For instance, in one case, in allow- 
ing benzyl chloride to act on sodium acetamide dissolved in ethy] alcohol ; 
the reaction went very readily, giving an excellent yield of acetamide 
and benzyl ethyl ether. 

In a series of experiments with ethylene dibromide, the result was 
curious ; large volumes of vinyl bromide were evolved, whilst the 
alcoholic residue, after decanting from the separated sodium bromide, 
yielded a peculiar double compound of the latter with acetamide (com- 
pare this vol., p. 413). In presence of boiling benzene, no action 
occurs, and hence, in this case, the alcohol must act as a carrier, al- 
though not itself changed. 


CH, -CO‘NHNa + CH, Br-CH,Br = CH,-CO-NH, + NaBr + CH,:CHBr. 


Attempts were then made to effect the change in absence of alcohol 
at moderately high temperatures in a sealed tube, with the result that 
a marked difference became apparent between the aliphatic and 
aromatic sodamides. Whereas the latter condense readily with alkyl 
iodides at 140°, forming substituted alkylamides, aliphatic sodamides 
react only with difficulty, forming comparatively small quantities of 
alkyl derivatives, bye reactions taking place. The two following ex- 
periments serve as types to show this. 

Action of Ethyl Iodide on Sodiwm Acetamide at 150°.—Fifteen grams 
of the sodium compound and 30 grams of ethy] iodide were heated ina 
sealed tube at 150° for an hour. The product of the change which was 
dark contained granular sodium iodide, and a mobile oil (10 grams) 
boiling at 80°, which proved to be unchanged ethyl iodide. After 
removing this, the contents of the tube were extracted with a mixture 
of alcohol and benzene (the latter to prevent, as far as possible, the 
sodium iodide from dissolving). The oil which was extracted was 
then fractionated ; it boiled at 118° under 30 mm. pressure, and on 
standing partly separated as crystals, melting at 81° (acetamide), 
the total weight of which was 1} grams. The liquid portion was 
now carefully fractionated ; it boiled chiefly between 200° and 205°, 
giving an oil consisting essentially of acetethylamide, which was 
further purified by another fractionation (203—205°). It was identical 
with the product previously described by Wurtz, boiling at 205°, 
but the total yield was barely 3 grams. 

A large number of experiments made with ethylene dibromide, 
methyl iodide, and other alkyl iodides in sealed tubes gave similar 
results, unsatisfactory on account of the small yields, and in some 
cases acetamide itself seemed to be the chief product. It therefore 
appears that the method cannot be conveniently used for synthetical 
purposes, 

Action of Ethyl Iodide on Sodium Benzamide at 140°.—Fourteen grams 

VOL, LXXIX. EE 
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of sodium benzamide (moist with benzene) and 15 grams of e thy] iodide 
were, in one experiment, heated together in a sealed tube at 140° 
for 1—2 hours. After cooling, the contents of the tube were found 
to be in two layers ; the one (smaller), clear and mobile, consisted of 
benzene with a little unchanged ethyl iodide, the other was a brownish 
oil mixed with sodium iodide. This was treated with water, and the 
oil, which on standing commenced to crystallise, was extracted with 
ether and fractionated at the ordinary pressure. 
Three fractions were obtained as clear, colourless oils, namely ; 


A boiling at 250—260°, C boiling at 280—290°. 
B ,  260—280. 


These fractions, however, were practically identical, and on standing 
began to crystallise in large, flat, cross-twinned plates, melting at 68°, 
and after several recrystallisations at 71°. The total yield of the 
substance, which was benzethylamide, C,H,-CO*NH°C,H,, was about 
12 grams or 60—70 per cent. of the theoretical. 

The fractions A, B, and ©, however, did not entirely solidify. On 
the contrary, a thick oil remained which, when drained from the erys- 
tals, showed no signs of solidifying after several months. At first 
this oil was thought possibly to be a diethyl derivative, but on analy- 
sis it proved to be the monoethyl compound : 


0°1752 gave 140 c.c. moist nitrogen at 14° and 746mm. N=9°23, 
C,H,*CO-NH°O,H, requires N = 9°39 per cent. 
C,H,*CO-N(C,H;), » N=791_ ,, 

The amount of this liquid was only small, being about 10 per cent. 
of the total yield. The oil and the ordinary solid benzethylamide were 
next separately fractionated. Their boiling points were practically 
identical. 

B. p. of (a) solid product was 285° at 750 mm.* 
»  (f) liquid Po 282—285° at 750 mm. 


Since, before separation, the products come over with a gradual 
rise of the thermometer from 250—290°, it seems probable that we 
are dealing here with a true mixture, and that therefore the f-liquid 
form is some isomeric modification of benzethylamide. 

Similar experiments with other alkyl iodides gave successful results, 
and thus it is clear that the method may be applied to the aromatic 
amides in the preparation of their substitution derivatives. 

Pheny] iodide or chloride has no action on sodium acetamide or sodium 
benzamide in presence of alcohol, or even’ in a sealed tube at 230°. 

* Schmidt and Gattermann (Annalen, 1888, 244, 50) give the boiling point of 
benzethylamide as 256—260°, whilst Wheeler and Johnson (Amer. Chem. J., 1899, 
21, 185) give it as 298—299°, 
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Action of Acid Chlorides on Aromatic Sodamides. 


These react in benzene solution with great ease, forming secondary 
amides, for example : 


(,H,COC] + O,H,*CO-NHNa = (0,H,-CO),NH + NaCl. 


The yields are fairly good, and secondary changes are small, provided 
the acid chlorides taken are tolerably pure and free from hydrochloric 
acid; the reaction forms a ready general method of preparation of 
secondary amides. The preparation is very simple, and in general 
may be conducted as described in the case of the following typical 
examples. 

Dibenzamide.—Nine grams of benzamide in 200 grams of benzene 
were treated with 3 grams of powdered sodamide, and boiled until all . 
the ammonia was expelled. The white sodium benzamide thus obtained 
was then treated with 10°4 grams of benzoyl chloride mixed with 20 
grams of benzene. 

The reaction was energetic and the mixture grew hot ; to complete 
the change it was heated for 4 hours, by which time it was neutral to 
litmus. About 6 grams of salt separated, and after filtering this off 
and concentrating the solution, stellate clusters of long, white needles 
were deposited, and a further crop of crystals were obtained from the 
mother liquor by adding light petroleum. The yield was 9 grams, and 
on recrystallising from alcohol the product melted at 148°, and was in 
every way identical with dibenzamide. 


0'2571 gave 14°0 c.c. moist nitrogen at 16° and 757 mm. N=6°31. 
C,,H,,0,N requires N = 6°22 per cent. 


No action occurs between benzamide (free) and benzoyl chloride. 

Acetylbenzamide is readily formed by the action of acetyl chloride on 
sodium benzamide, but not (Joc. cit.) from benzoyl chloride and sodium 
acetamide. The proportions taken were 9 grams of benzamide, 3 grams 
of sodamide in 200 grams of benzene, and (after driving off the ammonia) 
5°8 grams of acetyl chloride. As in the previous case, the action is 
energetic and heat is liberated. The change was completed by boiling 
for6 hours. Owing to the presence of a little free acid in the acetyl 
chloride, some free benzamide is usually formed, most of which separates 
from the benzene filtrate on standing. On evaporation and careful 
crystallisation from chloroform, somewhat discoloured needles were ob- 
tained which, after draining on a porous plate and twice recrystallis- 
ing from alcohol, separated as long, white prisms melting as 117°. 


0'101 gave 7:4 ec. moist nitrogen at 9° and 750 mm. N=8*54, 
C,H,0,N requires N = 8-58 per cent. 
EE2 
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Action of Acid Chlorides on Aliphatic Sodamides. 


A marked difference is here noticeable between aliphatic and aromatic 
amides. Sodium acetamide, for example, although it reacts simply and 
normally with acetyl chloride giving diacetamide, behaves very differ. 
ently with benzoyl chloride. 

Diacetamide may be obtained by the action of free acetamide on 
acetyl chloride (compare this vol., p, 411). It is also readily obtained 
from the sodium derivative. Seven grams of sodium acetamide (prepared 
from acetamide and sodamide) were suspended in 50 grams of benzene, 
and gradually treated with 7°8 grams of pure acetyl chloride, The 
reaction, which is vigorous, was-completed by boiling for an hour, after 
which the white mass of separated sodium chloride was filtered from 
the hot benzene solution. The latter, on cooling, deposited some 
crystals melting at about 132°, which proved to be acetamide hydro- 
chloride, and after removing this and distilling off the benzene, a 
residue was obtained which, on fractionation, boiled at 212—215° 
The distillate on cooling immediately set to a fine white, stellate mass 
which, on crystallisation from benzene and light petroleum, melted at 
78°. The yield was about 4 grams. 


0°1018 gave 12:2 c.c. moist nitrogen at 16°and 748 mm, N=13'74. 
C,H,O.N requires N = 13°86 per cent. 


Action of Benzoyl Chloride on Sodium Acetamide.—It was at first ex- 
pected that the result of this action would be identical with that of acetyl 
chloride on sodium benzamide, namely, acetylbenzamide. In no case, 
however, was any trace of the latter isolated after the reaction, although 
this substance is well defined and easily identified. On the contrary, 
everything pointed to a complex change of some kind having occurred. 
In order to ascertain the course of the reaction, a number of experi- 
ments were carried out in presence of benzene, using 1 mol. of sodium 
acetamide and 1 mol. of benzoyl chloride. After completing the reaction, 
which is energetic, by heating until neutral, thick masses of sodium 
chloride separated, and were filtered off from the hot benzene solution. 
The filtrate, on evaporation, left a thick oil which solidified incompletely 
and very slowly. The solid portion which crystallised out melted at 
148° after purification, and was dibenzamide. On treatment of the 
remaining oily mass with cold dilute caustic potash, more dibenzamide, 
which was present, was removed (as its soluble potassium derivative) 
along with a quantity of benzoic acid, acetamide, diacetamide, and sodium 
acetate, which were present. The portion insoluble in alkali was oily 
and semi-solid, and was fractionally crystallised from benzene. The 
first needle tufts of silky crystals which were got melted at 190°, and 
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on subsequent purification at 201°, and had all the properties of tribenz- 
amide (Curtius, m. p. 202°). 

Next, a crop of small plates was obtained which, after purification 
melted at 128° (benzamide). The mother liquor from these, which would 
not solidify even in a vacuum, was then distilled; an oil came over at 
187—190° which was benzonitrile, and finally at very much higher 
temperatures, about 350°, a yellowish oil was collected which solidified 
on standing, and on erystallising from chloroform, formed long, white 
prisms melting at 45°. This proved to be simply benzoic anhydride. 

The change which takes place, therefore, is obviously very complex, 
and is probably (inadequately) expressed by the equations : 

20,H,* COC1 + NaNH:CO-CH, = 
(C,H,* CO),NH + (CH,*CO),NH + 2NaCl. 
40,H,* COC] + 4NaNH-CO-CH, = 
(C,H,CO),N + (CH,* CO),N + C,H, CO-NH, + CH,*CO*NH, + 4NaCl. 
(,H,* COC] + 2NaNH- CO-CH,= 
C,H," CN + CH,*CO,Na + CH,-CO-NH, + NaCl. 
20,H,* COC] + 2NaNH-CO-CH, = 
(C,H,*CO),0 + CH,CO-NH, + CH,°CN + 2NaCl. 


Of the different products which were isolated, dibenzamide appears to 
be formed in perhaps the greatest quantity. 


The explanation of the difference in the behaviour of sodium acetamide 
and sodium benzamide probably lies in a difference in the constitution 
of these compounds, and therefore possibly of aliphatic and aromatic 


amides, 


Action of Halogen Derivatives of Esters. 


Owing apparently to their more negative character, halogen-substi- 
tuted esters, such as ethyl chloroacetate and ethyl chlorocarbonate, react 
more readily than alkyl haloids with sodium acetamide and sodium 
benzamide, but here also the yields are poor owing to complex bye 
reactions occurring. Alcohol cannot be used as a menstruum, since it 
takes partin the change as in the case of alkyl haloids, but in presence 
of benzene, direct condensation may be effected. Only a few experi- 
ments in this direction have been carried out, as they were very 
unpromising from a synthetical point of view, and only in the case of 
aromatic amides were any successful results obtained. The following 
syathesis of ethyl hippurate is an example. 

Action of Ethyl Bromoacetate on Sodium Benzamide.—The change is 
simple : 


(,H,°CO-NHNa + BrOH,*CO,-C,H, = 
(,H,*CO*NH* CH, CO," C,H, +NaBr, 
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Twenty grams of benzamide by treatment with 6°6 grams of sodamide 
in presence of benzene, were converted into sodium benzamide which, 
after cooling, was treated gradually with 28 grams of ethyl bromo. 
acetate. The reaction commenced in the cold, and the mixture became 
brownish. It was boiled for 2 to 3 hours, until neutral, after which 
the benzene was distilled off, and the residue extracted with alcohol, 
From the alcoholic solution, along with benzamide and benzoic acid, 
ethyl hippurate was obtained as fine needles which, on hydrolysis with 
alcoholic potash and subsequent acidification, yielded hippuric acid 
melting at 185—186°. The yield was only 6 grams, but the synthesis 
is of interest. 


Action of Bromamides on Sodamide Derivatives. 


The bromamides of the type R°CO-NHBr, described by Hofmann, 
are fairly stable, well defined compounds, soluble in benzene, alcohol, 
&c., and very reactive. Their behaviour with sodamide derivatives 
was studied with a view of attempting to synthesise hydrazine compounds 
by a change represented by the equation 


R-CO-NHBr + NaNH:CO:R=R-CO:NH:NH:CO-R. 


The results were entirely negative, although interesting. In spite 
of all attempts to prevent it, molecular rearrangement invariably took 
place during the reaction with the formation of a urea derivative of 
the type Oi aae, ie , 
serve to show how the experiments were carried out. 

Action of Acetbromamide on Sodium Acetamide.—Six grams of pure acet- 
bromamide (1 mol.)and3°6 grams of sodium acetamide (1 mol.),eachsepar- 
ately dissolved in 16 grams of absolute alcohol, were mixed and the solu- 
tion gently warmed. Sodium bromide began to form immediately. After 
heating for about an hour, the liquid was neutral to litmus, and was 
then treated with benzene to completely separate the sodium bromide 
which was filtered <off. The filtrate, on evaporation and standing, 
deposited fine, colourless needles, half an inch long, in beautiful twinned 
tufts. After recrystallising, this substance melted at 178° and was in 
every respect’ identical with a-b-methylacetylurea, NHMe-CO-NHA¢, 
(m. p. 180°; Hofmann, Ber., 1881, 14, 2725). In other experiments, 
where benzene instead of alcohol was used as the menstruum, in 4 
sealed tube at 120—130°, the same product was obtained, without any 
indication of the formation of an isomeric hydrazine derivative. 

Action of Benzoylbromamide on Sodiwm Benzamide.—On warming the 
substances together in presence of alcohol or of benzene, a ready action 
set in with the separation of sodium bromide, and the filtrate, 
evaporation and cooling, deposited a fine, white, crystalline mass which, 


A short description of two examples will 
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when recrystallised from benzene, yielded a small quantity of plates 
melting at 128° (benzawmide), but chiefly needles melting at 200°, and 
after further purification at 203°. The latter product proved to be 
identical with a-b-phenylbenzoylurea, NHPh:CO-NHBz (m. p. 204°, 
Ber., 1884, 17, 2881). No evidence of the formation of symmetrical 
dibenzoylhydrazine could be obtained. 

It is of interest in this connection to note that Blac er (Ber., 1895, 
98, 432), by the action of iodine on sodium benzamide, obtained. 
a-b-phenylbenzoylurea, and not the expected hydrazine derivative. 


II. Syntueses with Porassium ALKYL SULPHATES. 
Preparation of Amines from Sodamide. 


It has previously been pointed out (Trans., 1894, 65, 521) that all 
attempts to bring about the interaction of alkyl haloids and sodamide, 
with a view of preparing amines by the possible change RI + NaNH,= 
RNH,+ Nal, were met with failure. Either no reaction takes place, 
or a violent one occurs, accompanied by complex decomposition and 
charring, 

It is interesting therefore, in this connection, to find that aliphatic 
amines can be prepared from sodamide by using potassium alkyl sul- 
phates. 

Ethylamine.—When sodamide (moist with benzene) is intimately 
ground with anhydrous potassium ethyl sulphate, and the mixture 
heated gradually to 180—200°, an energetic action sets in with 
steady evolution of ethylamine (admixed with some ammonia). The 
gaseous products may be absorbed by hydrochloric acid, the solu- 
tion evaporated, and ethylamine hydrochloride extracted by alcohol 
as usual, The change is essentially : 

NaNH, + K’C,H,SO, = NaKSO, + C,H,"NH,. 
It is quite general, and the author has employed it by using various 


potassium alkyl sulphates in the preparation of several primary ali- 
phatic amines, such as methylamine, butylamine, &c. ' 


Preparation of Alkyl-substituted Amides. 


Further, the reaction applies, not only to sodamide, but in a wide 
sense to its derivatives. Most of the experiments so far have been 
applied to derivatives of organic amides of the type R-CO:NHNa, 
already dealt with in the previous portion of this paper, especially 
of acetamide and benzamide. 

It should be noted that Blacher (Ber., 1895, 28, 2352) has already 
shown that sodium benzamide and sodium phthalimide, when heated 
with potassium ethyl sulphate, give the corresponding ethy] derivatives 
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The previous methods of preparation of alkyl-substituted amides of 
the type R-CO-NHR' and R:CO-NR',, are (1), the action of cyanic esters 
upon acids and anhydrides, a method discovered by Wurtz, and (2), the 
action of amines on acid chlorides or esters. From want of convenience, 
or owing to other difficulties with either of these methods, compara- 
tively few substituted amides and their derivatives, and no mixed 
compounds, appear to have been obtained, and it was therefore thought 
desirable to test the applicability of the potassium alkyl sulphate re. 
action. The results have been in every way satisfactory, and the 
reaction forms the basis of a ready general method of synthesis, which 
has the advantage of affording a direct means of introducing any 
desired alkyl into the amido-group, CO-NH,, giving first monosubstitu- 
tion, and then by a second stage, disubstitution derivatives. As yet only 
a few of the latter have been thus obtained. 

The stages showing the successive changes may be represented thus : 


R:CO:NH.,, with sodamide or sodium ethoxide —- R-CO-NHNa 


200° 
30— 
«ay KBSOs . 
wi 


_ 


R-CO-NHRI, with sodamide — ae R-CONCR’ 
90° 


R-CO-N<E,, where R! and R? may be similar or dissimilar alky! 


radicles. 


The potassium alkyl sulphates were prepared in quantity, from 
their respective alcohols (primary only) by the usual method,_. care 
being taken to ensure that they were perfectly anhydrous. Several 
contain water of crystallisation, and were dried at 120—130°. 


Monoalkyl-substituted Amides, 


The interaction of the sodamide derivative (for example, sodium 
acetamide) and potassium alkyl sulphate, which readily takes place on 
heating, may be brought about in one of two ways, namely : 

Mernop A.—Direct distillation at a temperature sufficient to distil 
over the product formed—in the case of higher homologues under 
reduced pressure—the distillate being subsequently fractionated. 

MetHop B.—Heating at 180—200°, in a bath of oil or sulphuric 


“st? RSS ES BR. 
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acid, in a flask provided with an upright condenser tube, which is a 
necessary precaution, since the reaction is generally sufficiently ener- 
getic to cause rapid vaporisation of even products of high boiling 
pint. The contents of the flask soften, and in about 20 minutes 
become semi-liquid, owing to formation of an alkylamide. The latter 
is subsequently extracted by boiling benzene, and after filtering on 
the pump, and removing the benzene by distillation, the product is 
fractionated. 

The sodium derivative, NaNH-CO-R, may be obtained from the 
organic amide by the action of sodamide, or, more conveniently, sodium 
ethoxide in presence of alcohol, since the sodium compound need not 
be isolated, and alcohol does not interfere with the reaction. The 


‘procedure is then as follows. 


Sodium (1 at.) is dissolved in the minimum quantity of alcohol 
ina capacious distilling flask, treated with benzamide or acetamide 
(1 mol.) suspended in a little alcohol, and the whole well shaken and 
warmed for a few minutes. Finely-powdered potassium alkyl sulphate 
(1 mol.) is then added, and the mixture well incorporated by shaking 
or otherwise. After removing the alcohol by distillation, the intimate 
mixture is either carefully distilled, or treated as in B. 

In this way, methyl, ethyl, propyl, and butyl derivatives of acet- 
amide and benzamide have very easily been prepared. Some of these 
appear not to have been obtained hitherto. 

Acetmethylamide, CH,*CO-NH°CH,, already prepared by Hofmann 
(Ber, 1881, 14, 2729), was obtained in very deliquescent needles 
melting at 28°. 


Acetethylamide, CH,*CO-NH°C,H,, also obtained by Wurtz( Annalen, 
1850, '76, 334 ; 1853, 88, 315), was prepared by method A. The pro- 
duct, after fractionation, was found to contain some acetamide, which 
was removed by shaking with strong caustic potash solution. Pure 
acetethylamide floated on top (although readily soluble in water) as 
an oil which was extracted by ether. It boiled at 204—205°, and the 
yield of pure product was 9 grams from 11°8 grams of acetamide. 

Acetethylamide absorbs hydrogen chloride rapidly, becoming hot, 
and from the thick liquid thus formed, the hydrochloride slowly crys- 
tallises, on cooling, if anhydrous in stellate growths of fine, white, very 
deliquescent needles melting at about 60°. A weighed portion was 
analysed by dissolving in water, and after neutralising with sodium 
hydroxide, titrated with silver nitrate. The base and acid were found 
to be present in the salt in molecular proportion (compare acetamide 
hydrochloride), 


_ 
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0°1652 required 14°0 c.c. W/10 AgNO, HCl=30°26, 
CH,*CO-NH-O,H,,HCl requires HCl = 29°55 per cent. 


Sodiwm Acetethylamide, CH,*CO*NNa:C,H,, was obtained by the 
action of finely-powdered sodamide, in presence of a little benzene, on 
the base. The mixture grew warm and ammonia was evolved; but 
the action is not so energetic as that of sodamide upon acetamide, 
owing to the more basic nature of the alkyl derivative. The reaction 
was completed by heating gently till the evolution of ammonia ceased, 
after which the granular precipitate was washed with benzene and 
dried in a vacuum. 

It was thus obtained as a white powder, which dissolves in alcohol, 
apparently without decomposition, since with alcoholic silver nitrate 
the solution gives an orange precipitate, which, however, quickly 
darkens, and is probably silver acetethylamide. It was much too un- 
stable for analysis. The sodium compound, with a little water, is at 
once decomposed, liberating free acetethylamide as an oil, which dis- 
solves on adding more water. 


Acet-n-propylamide, CH,*CO*-NH:C,H,, has been described by 
Chancel (Compt. rend., 1894, 119, 233) as a liquid boiling at 222—225° 
It is easily obtained by method A as an oil boiling at 222° under 
760 mm. pressure, and is miscible with water. The aqueous solu- 
tion is precipitated by strong caustic potash or soda. Like acetetby!- 
amide, it is hydrolysed much more readily by concentrated hydro- 
chloric acid than by alkali. 

Acet-n-propylamide. Hydrochloride, CH,*CO*NH-C,H,,HCI, is formed 
similarly to the corresponding ethyl derivative. A thick liquid is 
produced, which solidifies slowly to a mass of deliquescent, white 
needles melting at about 47°. 

Sodium Acet-n-propylamide, CH,*CO*-NNa‘O,H,, is obtained by the 
action of sodamide upon the base, ammonia being evolved. In presence 
of benzene it forms a thick, gelatinous solid, drying to a fine, white 
powder similar in its properties to sodium acetethylamide. ' 


Acetisobutylamide, CH,*CO*NH-O,H,, 19°6 grams of acetamide, 76 
grams of sodium dissolved in the minimum quantity of alcohol, and 64 
grams of potassium isobutyl sulphate were taken. The distillate on frac- 
tionation gave a small quantity of a volatile solid (which was not 
investigated), and a product boiling at 80-—105°, consisting of alcohol 
and a little isobutyl alcohol, whilst the remainder came over at about 
222°. This weighed 12°5 grams, and contained some acetamide, which 
was removed by shaking with cold caustic potash solution, the insoluble 


oil 
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oil being extracted and distilled. It boiled at 225—227° under 745mm. 
pressure, and the yield of pure product was 8°5 grams. 


0:1905 gave 20°9 c.c. moist nitrogen at 14° and 757 mm. N =12°35. 
C,H,,ON requires N = 12°17 per cent. 


Acetisobutylamide is a colourless liquid having a faint basic smell 
slightly resembling that of acetamide. It is miscible with water in 
all proportions, but the aqueous solution is at once precipitated by 
weaker solutions of alkali than are necessary in the case of lower 
homologues. When boiled with strong potash or soda, it slowly under- 
goes hydrolysis, giving isobutylamine, and the same change is effected 
more readily by aqueous hydrochloric acid. 

Acetisobutylamide Hydrochloride, CH,*CO:N H-C,H,,HCl.— When an 
ethereal solution of the base is treated with dry hydrogen chloride, 
an oil immediately separates which quickly solidifies to a mass of 
white plates melting at 107° without decomposition. In the absence 
of ether, the same substance is formed, the gas being rapidly absorbed 
with considerable rise of temperature. The increase in weight was 
ascertained, in one experiment, to be 30°17 per cent. (calculated 31°62 
per cent.). On analysis: 


05649 required 36-7 c.c. V/10 AgNO,. HOl=23°71. 
C;H,,ON,HCl requires HCl = 24°04 per. cent. 


Sodium Acetisobutylamide, CH,*CO*NNa°C,H,, is formed by the 
action of sodamide on the free base, with evolution of ammonia and a 
little isobutylamine, as a slightly discoloured, thick jelly in the pres- 
ence of benzene, in which it is appreciably soluble. 


Benzmethylamide, C,H,*CO-NH-CH,, has been described by Rom- 
burgh (Rec. trav. Chim., 1885, 4, 388) as a solid melting at 79°; the 
boiling point was not given. Prepared by method A or B, it was 
obtained as large, colourless plates melting at 80—81°, and boiling 
without decomposition at 291° under 765 mm. pressure. 

Sodium Benzmethylamide, C,H,*CO*NNa‘CH,, is formed readily by 
the action of sodamide, as in the case of the ethyl derivative (Joc. cit.). 
It is a white, granular powder, decomposed immediately by water, 
giving benzmethylamide. 


Benzethylamide, C,H,-CO-NH-C,H,, was described by Romburgh (le. 
cit.), and by Gattermann and Schmidt (Annalen, 1888, 244, 50) asa 
solid, melting at 67° and boiling at 250—260°. Prepared by method 
A or B, it was obtained as fine, large, rectangular plates, forming 
characteristic cross-twinned combinations, the form being apparently 
thorfbic, When recrystallised, it melted at 71°, and boiled at 286° 
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under 745 mm. pressure. In its preparation by method A, 15 grams of 
benzamide and 2°8 grams of sodium, each dissolved in the minimum 
quantity of alcohol, were mixed and treated with 20 grams of potassium 
ethyl sulphate, the alcohol driven off, and the mixture gently distilled. 
The distillate, on fractionation, gave the following products : 

(1) At 78°, alcohol. 

(2) Below 200°, a liquid, about 2 grams, chiefly benzonitrile. 

(3) 200—260°, 3:grams, mixture of benzonitrile and benzethylamide. 

(4) 260—285° (chiefly 285°), 11°5 grams, benzethylamide. 

Fraction (4) came over as a thick, nearly colourless oil, which quickly 
began to solidify in large plates. As in the case of the ethyl iodide 
synthesis, however, it never entirely solidified, but on draining and 
pressing on bibulous paper, yielded a liquid boiling at 283°, which 
possessed similar properties to solid benzethylamide. 

By fractionating (3) again, a further quantity of benzethylamide 
was obtained, bringing the total yield to about 13 grams. By employ- 
ing method B, which is slower, a somewhat better yield was obtained. 
The recrystallised substance was analysed : 


0°1546 gave 12°7 c.c. moist nitrogen at 12° and 745 mm. N=9°55. 
C,H,,ON requires N = 9-39 per cent. — 


Benzethylamide Hydrochloride, C,H,°CO*NH°C,H,, HCl.—The arom- 
atic alkyl amides, like the aliphatic, form hydrochlorides containing 
acid and base in molecular proportion, but they are not so stable or 
well defined. They dissociate on heating, and gradually lose hydrogen 
chloride, even on standing in a vacuum over sodium hydroxide, a 
circumstance which points to the less basic nature of aromatic as com- 
pared with aliphatic alkyl amides. 

When benzethylamide in ethereal solution is treated with dry 
hydrogen chloride, the hydrochloride is immediately precipitated as 4 
thick oil which does not solidify on standing. In absence of ether, the 
base absorbs the gas slowly, and the crystals immediately commence 
to liquefy, ultimately forming a thick, viscid liquid. The increase in 
weight, which was ascertained, corresponds to that required for the 
above formula. When treated with water, the liquid becomes opaque 
and is decomposed, forming free benzethylamide, which soon crystal: 
lises as needles, and hydrochloric acid, which was determined as usual, 


0°2422 required 132 cc. V/10 AgNO,. HCl=19°89. 
C,H,,ON,HOl requires HCl = 19°67 per cent. 


Sodium Benzethylamide, C,H,*CO-NNa:C,H,.—Sodamide, when heated 
in benzene solution with benzethylamide, brings about replacement of 
the aminic hydrogen by sodium with disengagement of ammonia: 


NaNH, + C,H,*CO-NH-C,H, = 0,H,'CO-NNa-O,H, + NH,. 
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The reaction is not nearly so brisk as with benzamide, owing, no doubt, 
to the more basic nature of the ethyl derivative ; indeed, it is almost 
impossible to complete it in presence of more than a very little benzene. 
The sodium compound separates as a fine, white, granular powder, which 
is appreciably soluble in benzene. After drying in a vacuum, it was 
analysed : 


03719 gave 0°051315 Na. Na=13°79. 
C,H,,ONNa requires Na= 13°45 per cent. 


This product, and other similar sodium alkyl benzamides are best 
prepared in presence of sufficient benzene only to prevent access of 
moisture, namely, by grinding together the calculated quantities of 
alkyl amide and sodamide (moist with benzene), and then gently heat- 
ing ina flask on a sand-bath. Ammonia is given off in large quantity, 
and when it slackens, benzene is poured into the flask, and the whole 
well boiled for 2 or 3 hours, after which the solid compound is filtered 
on the pump, and washed well with boiling benzene. 


Benz-n-propylamide, C,5H,,*CO-NH-C,H,.—24°2 grams of benzamide, 
46 grams of sodium dissolved in alcohol, and 35°6 grams of potassium 
n-propyl sulphate were used, the preparation being conducted similarly 
to that of benzethylamide. The distillate on fractionation gave, below 
200°, about 2°5 grams of benzonitrile, after which the thermometer 
rose fairly rapidly to 290—296°, when the propy] derivative came over 
as an oil of a yellowish colour, owing to slight decomposition. Its 
weight was 13 grams, and a further 3 grams were obtained by redis- 
tilling the fraction between 200° and 290°. 

The oil quickly set to a crystalline mass of fine, feathery plates. On 
draining on a porous plate, and recrystallising from alcohol or benzene, 
it slowly separated in large, diagonally marked, apparently cubic 
crystals, melting not very sharply about 82°. After several crystal 
lisations from benzene and light petroleum, from which it separated in 


White, glistening plates, and finally from alcohol, it melted sharply at 
845°, 


03309 gave 24°7 c.c. moist nitrogen at 12° and 750 mm. N=8°74, 
C,)H,,ON requires N = 8°58 per cent. : 


Benz-n-propylamide boils with very slight decomposition at 
494—295° under 750 mm. pressure. It is slightly soluble in hot 
water, from which, on cooling, it separates as an oil which crystallises 
atonce on shaking. It has distinct basic properties, and is fairly 
soluble in concentrated hydrochloric acid, but the solution is precip- 
itated by adding water. 

Benz-n-propylamide Hydrochloride, C,H,*OO-NH*0,H,, HCl, is formed 
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as a very viscous, colourless liquid by the action of hydrogen chloride, as 
with benzethylamide. It dissociates in.a vacuum or on heating, 


0°1735 gave 0:0296 HCl. HCl=17-06. 
C,)H,,ON,HCl requires HCl = 18:29 per cent. 


Sodium Benz-n-propylamide, C5H,*CO*-NNa:C,H,, is a white, granular 
powder obtained by the action of sodamide upon the base, as in the 
case of ethyl derivative. 


Benzisobutylamide, C,H,*CO*NH:-C,H,.—Forty grams of benzamide, 
7°6 grams of sodium, and 64 grams of potassium isobuty] sulphate were 
used, the preparation being conducted as in the previous cases, It is 
preferable to use method B, as by the distillation method there is con- 
siderable loss by charring. On fractionating the product under reduced 
pressure, a yellowish oil was obtained which, on standing, set toa 
crystalline mass of long cross-twinned needles ; these were drained, and 
crystallised from benzene, chloroform, and finally from 80 per cent. 
alcohol. The substance separated as fine, white prisms melting when 
pure at 57°. 


0°2839 gave 19°14 c.c. moist nitrogen at 13° and 745 mm. N=7$l, 
C,,H,,ON requires N =7°90 per cent. 


Benzisobutylamide boils with slight decomposition at 295—296° 
under 760 mm. pressure, and has properties very similar to those of 
the lower homologues. It is soluble in concentrated hydrochloric acid, 
and is hydrolysed with difficulty. 

It readily absorbs dry hydrogen chloride forming the hydrochloride, 
0,H,*CO-NH-C,H,,HCl, as a thick, viscous liquid which does not 
solidify. 

With sodamide in presence of alittle benzene, the base forms the 
sodium derivative, C,H,*CO-NNa:C,H,, as a jelly which on drying 
falls to a nearly white powder. 


Dialkyl-substituted Amides. 


A few dialkyl-substituted amides were obtained by the action 
of potassium alkyl sulphates on sodium alkyl amides thus: 


R-CO-NNaR! + KR*S80, = R-CO-NR'!R? + KNasO,,. 


The preparation was conducted as in the case of monoalkyl derivatives 
except that alcohol and sodium ethoxide were not used in the forms 
tion of sodium derivatives of aromatic alkyl amides, O,H,"CO-NNak, 
since the latter are decomposed by alcohol. Hence, sodamide was used 
in their preparation, and benzene was always added during the mixing 
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with potassium alkyl sulphates, to prevent decomposition by moisture 
in the air. 

In this way, one or two mixed dialkyl amides have been successfully 
prepared, but much more work in this direction remains to be 
done. 

Acetmethylethylamide, CH,*CO-N(CH,)°C,H,, was obtained by the 
ation of potassium methyl sulphate on sodium acetethylamide in 
molecular proportion. The reaction commences about 170°, and pro- 
ceeds with some energy, but with evolution of a quantity of ethylamine 
and methylethylamine, showing that some bye-reactions occur. On 
distilling, a product came over which, by fractionation, was obtained 
pure as a light, colourless oil boiling at 180°. 

It is miscible in all proportions with water, and has a peculiar basic 
smell and marked basic properties. 


0'1121 gave 13:1 c.c. moist nitrogen at 10°and 755mm. N =13°90. 
C;H,,ON requires N = 13°86 per cent. 


Benzmethylethylamide, C,H,*CO-N(CH,)°C,H,, was prepared from 
potassium methyl sulphate and sodium benzethylamide, obtained from 
sodamide as previously described. The mixture was heated in a 
sulphuric acid bath at 190—200° for 20 minutes. The mass softened 
owing to the formation of an oil which, on fractionation, boiled at 280°. 


It is insoluble in water, but miscible with concentrated hydrochloric 
acid, the oil being precipitated again by adding water. 


01940 gave 14-94 c.c. moist nitrogen at 15° and 747mm. N =8°87. 
C,)H,,ON requires N = 8°58 per cent. 


III. Tautomeric RELATIONS. 


The question discussed in a previous paper (Trans., 1897, '71, 468) as 
to whether the metallic derivatives of organic amides are to be regarded 
as true sodamide compounds of the type R-CO-NHNa, or as salts of 


the tautomeric formula RO<ON,, is one on which, unfortunately, 


synthetical work can throw but little light. The fact that ethyl iodide, 
for instance, when heated with sodium benzamide, gives benzethylamide, 
in which there can be no doubt that the ethyl radicle is attached to 
nitrogen, cannot be accepted as an indication that the sodium atom 
must have been similarly attached, owing to the possible intermediate 
ff formation of additive compounds. There are, for example, independent 

reasons for believing that silver is attached to oxygen in silver anilides, 
yet these with acid chlorides, &c., give derivatives in which the group 
introduced is combined to nitrogen. 

Wheeler and Walden (Amer. Chem. J., 1897 '19, 129), working on the 
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imino-ethers (isoanilides), have shown that this addition and subsequent 
elimination takes place (in the case of methyl isoformanilide) thus; 
Ph 


N< 
+ Ph: -COOl-oHZ: ‘Q) C2 Pho <N<o. Ph + Mel. 
0. ‘Me 


Still more significant is the conversion of benzimino-ethyl ether into 
benzethylamide, by simply heating it to 100° with ethyl iodide : 


N-Ph 


CH<ou 


its composition or structure. 

When alcoholic silver nitrate is added drop by drop to an aleobolie 
solution of sodium benzamide, a curious result is obtained. An orange 
precipitate first forms, which contantly changes to white, until most 


H | 
oPn<nt + EiI — oPhZI Nit Sa oPh< ike + EL , 
O'Et 
Hence the production of benzethylamide from sodium benzamide and ¢ 
ethyl iodide may have taken place through the imino-ether phase, h 
and so the result proves nothing regarding the constitution of the n 
sodium compound. On the other hand, if the reaction could be A 
effected in the cold, synthetical evidence would be of importance, q 
since white silver benzamide treated in the cold with ethyl iodide yields of 
benzimino-ethyl ether, pointing undoubtedly to the constitution al 
OH C<O 4, for the silver derivative. Ms 
All attemps to effect syntheses in the cold with sodamide derivatives 
of the type R-CO-NHNa have failed except those with acid chlorides, | 
which throw but little light on the reaction. The only conclusion 
that can be drawn with certainty is a recognition of a pronounced ] 
difference in the behaviour of aliphatic as distinguished from aromatic pos 
sodamide derivatives. That the difference is probably due to an Du 
actual difference in their structure is strengthened by other con it d 
siderations, notably the following. 
Alkyl iodides react fairly easily with aromatic sodamides, but with 0 
difficulty with aliphatic sodamides (giving only a small quantity of 
alkyl derivatives). This suggests a linking of metal to oxygen in the qT 
first, and to nitrogen in the second, cate 
There are two silver derivatives of benzamide (see Trans., 1897, 71, It 
468), a white and an orange. The white is quite stable in presexe@ ,. i, 
of cold water, and as stated above is doubtless OH, 0< py the , 
The orange variety, probably C,H Oy Ag’ is very unstable, and mi 
quickly darkens and decomposes, reneoring it impossible to ascertain 
reasol 
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of the sodium benzamide has been precipitated. After this, further 
addition of silver nitrate produces a permanent orange precipitate, 
and this variety may be obtained by filtering at the right juncture, 
and adding silver nitrate to the filtrate. 

With an alcoholic solution of sodium acetamide and silver nitrate, a 
bright orange precipitate only is obtained, but under certain condi- 
tions, namely, in presence of an excess of acetamide, an unstable, 
white compound is produced. An alcoholic solution of pure acet- 
amide (in excess) is treated with a little sodium ethoxide, and on now 
adding silver nitrate, a white precipitate is formed, which, on stand- 
ing or on adding a drop of water, turns bright orange. Unfortu- 
nately, this orange compound quickly darkens and decomposes, and so 
cannot be obtained pure for analysis. As it was considered important, 
however, to ascertain if it really is silver acetamide, and nota possible 
molecular compound of some kind, an attempt at analysis was made. 
A known quantity of sodium acetamide was obtained from a weighed 
quantity of sodium dissolved in alcohol and the equivalent quantity 
of acetamide, the solution being made up to a known volume. An 
aliquot portion was treated with a slight excess of alcoholic silver. 
nitrate of known strength, and after filtering off the orange precipi- 
tate, the silver in the filtrate was determined. 


01790 sodium acetamide required 0°2345 Ag. 76°35=100 Ag. 
CH,°CO-NHNa requires 75:01 = 100 Ag. 


In another portion, the orange precipitate was filtered as quickly as 
possible, washed with alcohol and ether, and dried in a vacuum. 
During the operation, it became dark brown. On slightly warming, 
it decomposed with gentle explosion. > 


0'2704 gave 0°1882 Ag. Ag=69°6. 
CH,°CO-NHAg requires Ag = 65°06 per cent. 


The results are obviously only approximate, but they serve to indi- 
cate that the orange precipitate is really silver acetamide. 

It must therefore be concluded that silver acetamide and silver benz- 
amide exist in tautomeric forms, of which the white probably contains 


the structure OSG ay? and the orange, —C NHAg’ 


Similarly, two corresponding sodium compounds may exist. 
In the case of sodium benzamide in alcoholic solution, if the above 


reasoning is legitimate, we have essentially C,H, OSD, with some 


OO ve (probably in a condition of equilibrium), and this 


Would account for its peculiar behaviour with silver nitrate, as well 
VOL. LXXIX, F F 
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as the ease with which the compound condenses with alkyl iodides, &e, 
(the sodium being attached to oxygen), as compared with sodium acet- 
amide, in which, presumably, the form CH,*CO-NHNa preponderates, 

That more than one form of benzamide is capable of free existence 
is rendered improbable by an experiment in which an attempt was 
made to isolate such a compound from the white silver derivative, 


OH, C<O At The latter, suspended in dry ether, on decomposition 


by dry hydrogen sulphide, gave ordinary benzamide, and no indication 
of any isomeric substance. There is reason, however, to believe that, 
in aqueous solution at least, benzamide exists in the form of an imino- 
hydroxy-compound, since it shows distinct ionisation, whilst acetamide 
does not. Determinations, which were kindly undertaken by Dr. W, B. 
Davidson, at Aberdeen University, showed that the molecular con- 
ductivity, in aqueous solution at 25°, was: 


Benzamide, pg,= 1°3, p94 = 4°2- 
Acetamide (middle fraction of a sample three times distilled), 


Pegg = 0°95. 


This shows, as Ostwald observes, that acetamide is practically a 
non-conductor, and its molecule is doubtless CH,-CO-NH,. 

That the metallic compounds of acetamide are true sodamide deri- 
vatives, is further strengthened by the observations of Ley and Kissel 
(Ber., 1899, $2, 1357 ), who deduced from the low electric conductivity 
of mercury acetamide that the mercury atom is directly attached to 
nitrogen, inasmuch as they proved that all compounds, in which mer- 
cury is attached to oxygen, show a greater tendency to electrolytic 
dissociation. This confirms similar observations and deductions made 
by Kieseritzky (Zeit. physikal. Chem., 1899, 28, 385). 

In regard to monoalkylamides, R-CO-NHR‘, the tautomeric form, 


-R1 
RO<AT , may be capable of existence, isomeric also with 


Ro<NE which belongs to the class of well-known imino-ethers. 


No indication was obtained, in the foregoing work, of the existence 
of more than one type of alkylamide, except in the case already 
alluded to, of (8) liquid benzethylamide, which may possibly be an 
isomeric form; but this is very doubtful. 

Attempts to prepare silver derivatives did not throw further light 
on the problem. Aliphatic alkylsodamides, CH,*CO-NNaR, in alco- 
holic solution, give orange silver derivatives with silver nitrate, but 
the corresponding aromatic compounds give a black precipitate, show- 
that these sodium derivatives are decomposed by alcohol, a fact which 
militates against the supposition that they are derivatives of the type 
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0H 0. Attempts were made to prepare silver alkylbenzamides 


of this type by a method similar to that employed in the preparation 
of white silver benzamide (Trans., 1897, '71, 468), in order to study 
theaction of alkyl iodides in the cold, with a view of synthesising 


dialkyl derivatives, OF OSS, isomeric with dialkylamides ; but 


entirely without success. 

The potassium alkyl sulphate synthesis of mixed dialkyl amides 
may, by varying the order in which the alkyl groups are introduced, 
yield such isomeric derivatives, and further work in this direction is 
accordingly being carried out. 

The instability of aromatic alkyl sodamides, C,H,-CO-NNaR, in 
presence of alcohol, as compared with aliphatic, also requires explana- 
tion, seeing that alkyl aliphatic amides are more basic. So also does 
the behaviour of acetamide, which, although in its relation with acids 
is more basic than benzamide, yet undoubtedly sustains substitution 
of its aminic hydrogen by sodium more readily than benzamide, either 
by treatment with sodamide or sodium ethoxide. 

It is hoped that the extension of this work may help to further 
elucidate the peculiar relations that obtain between the amides of the 
aliphatic and aromatic series. 


I desire to express my indebtedness to Professor J. Campbell Brown 
in kindly placing at my disposal the Research Laboratory of Univer- 
sity College, Liverpool, where the above investigations have been 
conducted. 


XLIT.—A New Method of Preparing Diacetamide, 
By Artour WatsH TitHer.ey, M.Sc., Ph.D. 


Ir has been shown (this vol., p. 396) that diacetamide is formed by 
the simple reaction : 


CH,-CO-NHNa + CH,*COCl = (CH,°CO),NH + NaCl. 


At the same time, the action of acetyl chloride on acetamide was 
studied. When these substances are mixed, an immediate change 
occurs, and a thick, white mass is formed without evolution of hydro- 
gen chloride. On analysis, the white mass proved to be acetamide 
hydrochloride, which, with diacetamide, is formed thus : 


3CH,-CO-NH, + CH,*COCI = (CH,°CO),NH + (CH,’CO-NH,),, HCI. 


The reaction, which takes place readily in presence of benzene, 
forms a convenient method of preparation of diacetamide, and may 


at 
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be conducted as follows : 35:4 grams of acetamide (3-mols.) are placed 
in a large flask covered with 100 grams of benzene, and treated in 
lots of 2 grams with 16 grams (1 mol.) of acetyl chloride mixed with 
its own volume of benzene, shaking well between each addition. 

The mixture, which grows warm, should be heated for three hours 
on the water-bath to complete the reaction. The precipitated acet- 
amide hydrochloride, which is practically insoluble in benzene, is 


collected, and the filtrate containing the diacetamide, which is readily : 
soluble, is distilled to remove the benzene, and the residue fractionated, P 
Some acetic acid comes over at first, and afterwards diacetamide, which : 
distils at 215—220°, the liquid quickly solidifying to a crystalline, ‘ 
stellate mass on cooling. On recrystallisation from a mixture of of 
benzene and light petroleum, it separates as fine needles melting at 78°, lo 
0°3240 gave 39°5 c.c. moist nitrogen at 17° and 760 mm. N=14'15, 0 
01018 ,, 12:2 cc. ” 16° ,, 748 ,, N=13°74. 80 
C,H,O,N requires N = 13°86 per cent. ho 
The yield is only 30—40 per cent. of the theoretical, but the method - 
is an easy and convenient one. Acetamide may be readily recovered - 
from the hydrochloride and used again. ' 
The interaction of other amides and acid chlorides was also ex- 
amined. No action occurs between acetyl chloride and benzamide, a 
or between benzoyl chloride and benzamide. This, no doubt, is 0 
accounted for by the less basic nature of the latter ; acetamide, on va 
the other hand, immediately combines with the hydrogen chloride a 
formed, and, disturbing the equilibrium in this way, admits of a . 
change taking place in the direction of the above equation. ~ 
The action of benzoyl chloride on acetamide has been investigated tim 
by Pinner (Ber., 1892, 25, 1435), who found that it could be mainly pee 
represented by the equation : iis 
CH,-CO-NH, + O,H,-COCl = CH,-CN + C,H,*CO,H + HCl. long 
On repeating this experiment, I have found that this does not ery 
express entirely what takes place. On treating the product after the sid 
reaction with cold dilute sodium hydroxide to remove the benzoic acid, _ 
an oil remains which solidifies on standing. On recrystallisation from sodit 
alcohol and chloroform, it separated in long, flat needles melting at 0: 
42°, and was identical with benzoic anhydride (compare the action of 
benzoy! chloride on sodium acetamide, this vol., p. 396). The reaction, It 
therefore, is partly expressed, by a second equation : of ex 
CH,-CO-NH, + 20,H,-COC] = CH,°ON + (C,H,*CO),0 + 2HCl. § ing. 
UNIVERSITY COLLEGE, allow 
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XLIII.—Note on Two Molecular Compounds of 
Acetamide. 


By Artsur Wats TirHer.ey, M.S8c., Ph.D. 


Durine the course of some experiments described in the foregoing 
paper (this vol., p. 411) upon the action of ethylene dibromide on 
sodium acetamide in presence of alcohol, a peculiar crystalline compound 
was isolated from the alcoholic solution after the reaction was over. 
The sodium bromide which separates during the change was filtered 
off, and the filtrate cooled or evaporated in a vacuum. In this way, 
long, colourless needles separated, which were at first mistaken for a 
condensation product of some kind, but always appeared to contain 
sodium bromide as impurity. Repeated crystallisation from alcohol, 
however, showed that the inorganic salt was not removed, and was an 
essential constituent. On investigation, the substance proved to be 
simply a well-defined molecular compound of the composition 
20H,-CO-NH,,NaBr. 

Similar experiments withalkyl iodides resulted in the formation of the 
corresponding, but much more soluble, compound, 2CH,*CO-NH,,Nal. 

These products are thus analogues of acetamide hydrochloride, 
2CH,-CO-NH,,HCl, and as no previous account of them appears to 
have been given, they were examined more closely. Both may be 
readily obtained directly from their constituents. 

Acetamide Sodiwm Bromide, 2CH,*CO-NH,,NaBr.—Powdered sodium 
bromide (1 mol.) and acetamide (2 mols.) are together boiled in five 
times their weight of absolute alcohol for about 3 hours. The bromide 
gradually dissolves, but not completely. On filtering hot and allowing 
toevaporate in a vacuum, or, better, by adding benzene, beautiful, — 
long, white, glistening needles separate in feathery growths. The 
crystals, which are very deliquescent, may be dried in a vacuum, but 
not by heating, which causes dissociation, and they may be recrystallised 
from alcohol. When pure, it melts at 144—145° with separation of 
sodium bromide. On titration with V/10 AgNO, : 


03792 gave 0:1754 NaBr. NaBr= 46:2. 
2CH,°CO-NH,,NaBr requires NaBr = 46°6 per cent, 


It begins to dissociate even at 100°, giving a crystalline sublimate 
of exceptionally pure acetamide (m, p. 83°), sodium bromide remain- 
ing, When dissolved in water, treated with chloroplatinic acid, and 
allowed to stand in the cold, the acetamide suffers gradual hydrolysis, 
and beautiful, large, ruby-red octahedra separate, consisting of an 
isomorphous mixture of (NH,),PtBr, and (NH,),PtCl,. 
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Acetamide Sodiwm Iodide, 2CH,*CO*-NH,,Nal, is formed similarly to 
the above. Sodium iodide (anhydrous) dissolves more readily and 
completely than the bromide in an alcoholic solution of acetamide, 
The double compound is very soluble, and therefore the minimum 
quantity of alcohol should be used. On allowing the syrupy solution 
to stand in a vacuum, it crystallises out in beautiful, large, flat 
prisms, which are excessively deliquescent. It melts at about 110°, 
with separation of sodium iodide. On titration with AgNO, : 


0°1942 gave 0°01088 NaI. NaI=56-00. 
2CH,°CO-NH,,Nal requires NaI = 55-98 per cent. 
Attempts were made to prepare similar compounds with sodium 
chloride and with potassium haloids, but without success. 


UNIVERSITY COLLEGE, 
LIVERPOOL. 


XLIV.—A New Method for the Measurement of Tome 
Velocities in Aqueous Solution. 


By B. D. Srezxe, B.Sc., 1851 Exhibition Scholar (Melbourne). 


THE history of the investigation of the migration of the ions during 
electrolysis begins with the classical researches of Hittorf (Pogg. Ann, 
1853, 89, 177; 1856,98,1; 1858, 108, 1; 1859, 106, 337, 513; Ostwald’s 
Klassiker, Nos. 21 and 23) who, by the measurement of the changes of 
concentration which take place during electrolysis in the neighourhood 
of the electrodes, measured the value of the ratio w/v, where u ands 
are respectively the velocities of the anion and of the cation. The ratio 
u/u+v is called by Hittorf the transport number (Ueberfiihrungzahl), 
and represents the ratio of the velocity of the anion to the sum of the 
velocities of anion and cation, or of the amount of current carried by 
the anion to the total current. 

Kohlrausch, in his determination of the conductivity of salt solu- 
tions, has measured the constant (V+ V) the sum of the velocities of 
the anion and cation, which approaches a constant value in very 
dilute solutions, so that he is able to assign to certain ions values for 
uw and v which are known as the specific ionic velocities. 

In any particular solution of a salt, the average velocity is dependent 
on the driving force or fall of potential, on the specific velocity, and 
on the coefficient of ionisation, or (J+ V) = «(u+v), where U and y 
are the average velocities, and w and v the specific velocities, so that 
for a potential slope of 1 volt per cm. U=aw and V =2v. 

The first direct measurement of U or the mean velocity of the ions 
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was made by Lodge (B.A. Report, 1886, 395), who observed the 
progress of a margin which moved through a gelatin solution, and 
thus marked the advance of the ion whose velocity he wished to deter- 
mine, Since the observed velocity is conditioned by the fall of potential 
x, it is necessary that the latter should be regular, and that it should 
be known before U can be determined. These conditions were not 
fulfilled in the experiments of Lodge, who assumed that in a tube 
which was 40 cm. long and with a difference of potential of 40 volts 
between the ends, the potential fall was 1 volt per cm. From the 
fact that the contents of the tube, originally homogeneous, became 
heterogeneous as a consequence of the passage of the boundaries, 
this could not possibly be the case. That the fall was not very irregu- 
lar was shown, however, by the fact that his values for the hydrogen 
ion compare very favourably with those calculated by Kohlrausch. 

Others of Lodge’s experiments, as has been pointed out by Masson 
(Phil\Trans., 1899, 192, A, 331) were wrongly interpreted by him; thus, 
the velocities of the anion and cation boundaries were considered to 
indicate the comparative velocities of the following ion in each case, 
as, for example, in the experiments in which the velocity of Sr and Ba 
were compared with those of Cl, Br, and I, whereas the ratio of the 
velocity of the two boundaries is, in reality, conditioned only by the 
velocities of the ions of the intermediate salt, provided no mixing takes 
place at the boundary. 

The conditions under which, in a series of two electrolytes having 
acommon ion, a sharp boundary may be expected without mixing 
taking place during electrolysis, are pointed out for a special case by 
Whetham (Phil. Trans., 1893, A, 337), and for the more general case 
by Kohlrausch (Ann. Phys. Chem., 1897, [iii], 62, 209). In the latter 
paper, the deduction is drawn that a boundary may be obtained in any 
system where there is a change in transport number, in the sense that 
the following ion has a slower specific velocity than the preceding one, 
conclusion supported shortly afterwards by Weber (Sitewngsb. Akad. 
Wiss, Berlin, 1897, 936).* Kohlrausch further states that with two 
ions of different velocities, and a boundary between, the velocity of 
the boundary is intermediate between those of the two ions, each 
boundary, in reality, marking the velocity of two ions, that of the 
preceding faster ion under one driving force (fall of potential), and that 
of the following slower one under a different and greater driving force. 

Masson (Joc. cit.) has shown experimentally that the relative velocity of 
the boundary at each end of a homogeneous solution is conditioned only 


* Ina paper in which the theory and practice of the determination of Hittorf’s 
‘ansport numbers are fully discussed, Bein (Zeit. physikal. Chem., 1898, 27, 1) 
sts forth very clearly the general conclusions arrived at by Kohlrausch and Weber 

the papers mentioned. 
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by the nature of the preceding ion in each case, and that the relative 
velocities of two such margins are the same whether Cu and Cr0, or 
Cu and C,H,0, ions follow; he also gives experimental proof of the 
fact that if the faster ion follows the slower, mixing takes place and 
the preceding statement no longer holds. 

The author has found that even in this case it is possible to obtain 
a clearly marked boundary, but it no longer moves with a constant 
velocity, in other words, the ratio of the velocities of the boundaries 
at each end of a homogeneous solution is no longer constant when one 
of the following ions travels faster than the one in front of it. 

The method described by Masson for the measurement of ionic 


velocities compares directly the velocities of the boundaries at the : 
anode and cathode end of a gelatin solution of the salt under investi- 
gation. The position of the margin is marked by the difference in 3 
colour of the measured and the indicator ions, thus, in the experiment oe 
with potassium chloride, the margin at the anode end was between re 
Ou and K, that at the cathode end between CrO, and Cl, the potential - 
slope + in the equation U+V=m a(u+v), conditioning the velocity ve 
was unknown; the average working velocities U and V only being Th 
measured. The values of a u and « v, the absolute velocities for the pe 
particular concentration, could not be calculated. na 
That z, although unknown, was the same for the anion as for the 
cation follows from the homogeneous nature of the conducting medium the 
between the boundaries, and from the fact that the tube was carefully je 
calibrated and of even cross section. of | 
In the experiments hitherto described, the influence of the gelatin 1 
is quite unknown, the assumption being made that all ions would be tes 
influenced to the same extent, if at all, thes 
Whetham (loc. cit.), avoiding the use of gelatin, measured the a 
velocity of the moving boundary in aqueous solution. A single bound- stop 
ary only, that between two salt solutions having a common ion, was Pt 
observed, and absolute, not comparative, measurements were made, Si 
Any uncertainty as to the regularity of the fall of potential was re by g 
moved by the selectior of such pairs of solutions as had equal or nearly ‘die 
equal specific conductivities. A vertical tube was employed, and the @ wi 
margin observed was that between a coloured and a colourless solw- , 
tion ; the results obtained were in close accordance with those caleu- as th 
lated for the same concentration from Kohlrausch’s conductivity light, 
measurements. travel 
This method is, however, very limited in its scope, on account ad ¢ 
of the difficulty of finding pairs of solutions that fulfil all the § of 
necessary conditions ; it is further limited, in common with Masson's 2 
method, by the necessity for the employment of coloured indicator the _ 


solutions, as it is not possible to find a suitable coloured anion indicator 


- 
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which will not give a precipitate with, for example, the alkaline earth 
and the heavy metals. 


New Method of Measuring Ionic Velocities. 


This method is in principle the same as Masson’s inasmuch as the 
velocity of movement of a margin between two solutions is measured, 
the measured ion being followed in all cases by an indicator ion of 
specifically slower velocity. Like Masson’s, also, it is a method of 
comparison ; in a given experiment the velocities of the boundaries at 
the anode and cathode end of a homogeneous solution are compared, 
both being driven by the same, unknown, potential fall per centimetre. 

The method differs, however, from Masson’s in two essential re- 
spects, firstly, the measurements are made in water and not in gelatin, 
and secondly, the employment of a coloured ion as indicator .is not 
necessary, all that is required being that a solution of the indicator 
containing about the same number of gram-molecules per litre as the 
measured salt solution should differ from the latter in density and in 
refractive power. The choice of indicators is thus very largely increased. 
The method fails to determine accurately wu and «xv, since it has not 
as yet been found possible to measure 7 directly, although this may 
be calculated very approximately. 

The essential feature of the method consists in the imprisonment of 
the aqueous solution to be measured between tWo partitions of gelatin 
containing the indicator ions in solution, thus preventing displacement 
of the liquid during the course of an experiment.* 

The apparatus employed is shown in the figure (p. 418). A and B are 
two carefully selected glass tubes of the same area of cross section ; 
these are joined by a short tube of larger diameter, and each can be con- 
nected at either end by means of well ground and well fitting 
stoppers with another vessel C’, C, and D, D. Two of these vessels 
are used with the tube in each experiment. 

Since it is necessary that there should be no mixing of the solutions 
by gravity currents during an experiment, it is necessary that in all 
cases the heavier solutions should be underneath. For an experiment 
in which the indicator solutions are heavier than the measured solutions, 
the vessels D are employed, and in this case the margins are measured 
as they travel from below upwards ; when both indicator solutions are 
lighter than the salt solution, the vessels C’ are used, and the boundary 
travels from above downwards ; finally, when one indicator is lighter, 
and the other heavier, than the salt solution, one of the vessels C and 
one of D are employed. 

* An attempt has been made to substitute a porous earthenware membrane for 


the gelatin, but without success, as it was found that the liquid was forced through 
the membrane in the direction of the anode. 
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The vessels to be used in an experiment (in the figure, C, C’) are first 
filled with a gelatin solution of the indicator, the depth of gelatin being 
about 2°5 cm. The strength of the gelatin solution is such that it is 
not of less molecular concentration than the salt solution. It has 
been found necessary that the portion of the apparatus containing the 
jelly should be of larger sectional area than the tube; when this is 
not the case, the heating by the current, being greater in this portion 
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of the tube where the resistance is greater may result in the melting of 
the jelly. For this reason, the ends of the tubes are enlarged in the 
manner shown in the diagram. It is essential, however, that this enlarge 
ment should be as shallow as possible, since, if the volume is too great, 
it is found that no margin is produced. In an experiment the tubes 4 
and B are first filled with the solution to be examined, one end of each 
tube being closed with a rubber stopper, F, the cathode and anode cells 
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are placed in position, care being taken not to enclose any air bubbles. 
The tube B is also fitted with a side tube # so that the liquid may be 
free to expand or contract. The current is started by pouring into the 
vessels an aqueous solution of the same indicator as that contained in 
the jelly, the cathode and anode being previously placed in position, 
and the whole operation is carried out as rapidly as possible, to avoid 
mixing by diffusion at the boundary between jelly and solution. The 
apparatus is then completely immersed in a specially constructed water- 
bath, which consists of a metal vessel two parallel sides of which are 
fitted with large plate glass windows. 

The current employed was obtained from a battery of 30 lead ac- 
cumulators, and the voltage used varied in the different experiments, 
The measurement of the current in some of the earlier experiments 
was made by means of a copper voltameter, but it was found that the 
quantities of electricity involved were too small to allow of accurate 
measurements by this method.- For the subsequent experiments, a 
sensitive galvanometer was therefore substituted, whose readings were 
certainly accurate to less than 1 per cent. 


The Margin between Indicator and Solution. 


At the beginning of an experiment, the boundary between indicator 
and solution is coincident with that between the gelatin and aqueous 
solutions; after the lapse of a short time, which varies with the nature 
of the salt and with the potential slope, the margin has advanced in 
both tubes from the gelatin, as shown in the figure, where the darker 
shaded portion represents the indicator, and U represents the gelatin 
partitions, so that now there exists an aqueous system :— 


Anion indicator | salt solution | cation indicator 


which contains the two boundaries under observation. From this time 
onwards, the presence of the gelatin can have no influence on the ionic 
velocities, which are conditioned only by the potential slope, and by the 
nature of the salt in solution, It has been already mentioned that in 
order to see the boundary, it is not necessary to have a coloured ion as 
indicator ; when the boundary is looked at by transmitted light, it is seen 
with great distinctness, on account of the difference in refraction of the 
two solutions. Even in solutions which differ in density so slightly as 
do half-normal solutions of potassium chloride and potassium acetate * 
(the difference in density is in the fourth decimal place), the margin is 
distinctly to be seen, although it can no longer be distinguished with 
more dilute solutions of these two salts. A margin is, however, still 


* As pointed out by Masson, the concentration of the indicator solution is not the 
same a8 that of the solution it follows, but is in all cases somewhat less; no error, 
however, is introduced by neglecting, for the present, this change in concentration. 
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distinctly visible with decinormal potassium bromide, using potassium 
acetate as indicator. The fact that, owing to a difference in the refrac. 
tion, a boundary may be observed between colourless solutions, has been 
previously noted by Lenz (Mem. Akad. St. Petersburg, 1882, [vii], 80, 
No. 9, 86), who observed such a boundary between solutions of cadmium 
chloride and sodium chloride, and the same phenomenon for the same 
pair of solutions was also noticed by Bein (Joc. cit.). It may be men- 
tioned that this boundary between cadmium and sodium is much more 
distinctly to be seen than any other; but as will be explained immedi- 
ately, it is (in aqueous solution) by no means one at which no mixing 
takes place, nor can it be used for the observation of any ionic velocity. 

The movement of the margin is measured by means of a cathetometer, 
and to ensure accuracy in the readings, the water-bath is provided, as 
already stated, with windows of plate glass, to obviate errors in reading 
due to uneven refraction at the surface. A small gas jet is placed 
behind each tube, and this, when viewed through the telescope of the 
cathetometer, is seen to be cut by a dark line at the boundary between 
the two solutions. Each tube has a horizontal line etched on it which 
serves as a fixed point from which the measurements are made, so that 
any slight displacement of the apparatus during an experiment does 
not vitiate them. 

The method of measuring is as follows. After the margins are well 
within the tubes A and B, their distances from the fixed mark are 
measured, the time at which the measurements are made also being 
noted. At intervals of about 10, 15, or 20 minutes, the distance between 
the margin and the fixed mark is again measured, the difference 
between the first and subsequent readings giving the distance the 
margin has moved in the given time. From the second, third, and 
succeeding readings, values for u/v or u/(w+v) are obtained, the 
average from all these readings being taken. The actual figures 
obtained in an experiment with, for example, W-potassium bromide 
will make this clear. 


Cation margin. Anion margin. 
u 


d+d +0 


Minutes. - . || Minutes, 


0°482 
0°472 
0°474 
0°472 


| 
| 
Columns D and D’ give the distances in mm. between the boundary and the fixed 


mark, for the cation and the anion respectively ; d and d’ give the distances in mm, 
moved over by the two boundaries, 
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The distances considered are always measured from the first reading, 
so that in the earlier numbers the percentage error due to the reading 
of the cathetometer is much greater than in the later ones. On this 
account, in taking the average, each value for u/{u +) is multiplied by 
the distance in millimetres through which the*boundary has passed at 
the time the observation was made; the numbers so obtained are 
added together and their sum is divided by the sum of the multi- 
plicands. In most of the experiments, this made little or no difference 
in the result, but in one or two, where there was perhaps a greater 
error in the first readings, it was of more consequence. 

Masson has pointed out four conditions which must be fulfilled by 
the indicator ions in order that a sharp margin, moving with uniform 
velocity may result, These are as follows: 

(1) The indicator ions must have a strong and characteristic 
colour. 

(2) The ions must not be such as to react chemically on the 
solutions to be examined. 

(3) During electrolysis, the cell solutions must not give rise to 
other species of ions which would move faster than and overtake the 
measured ion, thus altering the potential slope within one or both _ 
boundaries. 

(4) The indicator ions must have a specific velocity slower than that 
of the ion to be measured. 

These conditions apply to the measurement in gelatin. In 
aqueous solution, in addition to the last three, which must also be 
fulfilled, certain other conditions are necessary for the production of 
a boundary which moves with constant velocity; but even when 
Masson’s fourth condition is not fulfilled, a boundary may be seen, 
although it cannot be taken as marking the position and hence the 
velocity of the ions of the intermediate solution. 

A point of much importance is the relation between the resistances 
of the two electrolytes. It is necessary in all cases to select as 
indicator a solution of a salt which has a resistance not very much 
greater than that of the solution to be measured; thus it has been 
found that for experiments with magnesium sulphate a very good 
margin between the cations is obtained with cadmium sulphate or 
copper sulphate as indicator, and one which maintains a constant 
ratio with the corresponding anion margin throughout an experiment, 
Neither of these salts, however, can be used as an indicator for potassium 
salts, as is evident from the following results, which are expressed in 
terms of the Hittorf transport number. The value of u/(w+v) for 
Potassium chloride found by Hittorf was 0°515, that determined by 
this method with cadmium sulphate or copper sulphate as indicator 
varied in four experiments from 0°9 to 8°0: numbers which are 
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obviously incorrect. But with lithium chloride as indicator a constant 
value is obtained, constant not only throughout one experiment, but 
through a series of six experiments. The cause of the irregular results 
found with cadmium or copper as indicator has been traced to the heat- 
ing effect of the current. From Ohm’s and Joule’s law, H = EO=(R, 
it is seen that throughout any circuit where C is constant, the heating 
effect is proportional to the resistance and therefore the distribution 
of the heating in the circuit is also proportional to R ; if, therefore, 
there exists in the circuit a short column of liquid of much greater 
resistance than the rest of the circuit, the heat is concentrated in 
this column and currents are set up in the liquid with the result 
that mixing takes place. That this is the case may be seen on 
examining carefully the boundary between such a pair of electrolytes 
as copper sulphate and potassium sulphate ; the margin is observed to 
be sharp and very distinct, but not perfectly horizontal, being instead 
wavy, as if subjected to some disturbing influence, but presently a 
thin stream of coloured liquid is seen to rise from the copper sulphate 
solution and mix with the overlying potassium sulphate solution, 
and after about an hour the whole column of liquid between the 
two jellies has become blue. In one experiment, the mixing that 
took place was so great that the margin, after advancing for about 
half-an-hour, actually began to move backwards. 

With all the salts examined this difficulty has been overcome by the 
selection of an indicator which has not a very much greater resistance 
than the salt to be examined. In all cases, the resistance is much 
diminished if the indicator is placed above the solution (when this is 
possible), since, as the resistance is greater in the indicator, the 
heating effect is greater also, consequently the upper solution tends to 
become still lighter and the danger of mixture with the lower solution 
to become less. - 

The influence of the voltage on the production and maintenance of 
a good margin is very considerable, and it would seem from the 
experiments, more or less of a preliminary nature, which have been 
carried out that for each pair of solutions forming an electrolytic 
boundary of the kind under discussion, there is a certain range of 
potential fall which is capable of producing a boundary of sufficient 
sharpness for observation without the production of too great ‘ 
current density and consequent heating effect. This range 
apparently much greater for some pairs of ions than for others. 

Without at present offering any explanation, the following facts may 
be mentioned. With the apparatus employed, a difference of voltage 
between the electrodes of 20 volts corresponds to an average potential 
fall of about 1 volt per cm. s 

(1) With a normal solution of sodium bromide, and using lithium 
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chloride and sodium acetate as indicators, with a potential fall’ 
between the electrodes of 20 volts, values for u/(w +) were found vary- 
ing between 0°597 and 0°572, showing that some disturbing influence 
was at work. With a voltage of 24 and 27 volts, in separate experi- 
ments, much less constant results were obtained, and the margin in 
all cases had the appearance of being washed away, being wavy and 
not horizontal. 

(2) With decinormal sodium bromide solution, results were obtained 
varying in different experiments from u/(w +) = 0°50 to 0°55, and here 
the influence of the voltage was very marked, for with a total voltage 
between the electrodes of 26 volts, no margin could be detected- be- 
tween lithium bromide and sodium bromide, although a distinct one 
was present at the cathode end, whilst with 30 volts a margin between 
the solutions was obtained which was exceedingly wavy and not hori- 
zntal and showed obvious signs of being washed away. - 

(3) With magnesium sulphate, using sodium acetate as anion indi- 
cator, four experiments were carried out. With a fall of potential of 
24 and 26 volts, no boundary could be detected ;.with 30 volts, the 
boundary could be located, but could not be read with any degree of 
accuracy, being very indistinct, and, as it seemed, spread out; with 
34 volts, a clearly defined margin was produced, which could be read 
with certainty. On reducing the voltage to 30, the margin became 
indistinct, whilst on again increasing it to 34, the boundary once 
more became clear and distinct, but not so good as at first. 

(4) As previously mentioned, with Mg followed by Cd ions, a very 
good and constant margin is produced, the voltage being 40, whilst 
with potassium sulphate and cadmium sulphate a potential fall of 20 
volts was too great, giving a very sharp and clear-cut margin, but one 
. Which was very irregular in its rate of motion, and gave every indica- 
tion of being washed away. 

In this connection, it is worthy:of mention that in preliminary experi- 
ments it has been noticed frequently that if the current is shut off for 
one or two minutes, the boundary disappears, and can no longer be 
read by the cathetometer, but that on again closing the circuit, the 
boundary reappears after about ten minutes, but never with such 
clearness as in an undisturbed experiment. The possibility of a boun- 
dary being formed in this manner during electrolysis is demonstrated 
by Kohlrausch in the paper previously cited. 

It has been found necessary to employ tubes of different sizes for 
different salts, and different concentrations of the same salt. Within 
certain limits, the size of the tube has no influence on the constancy of 
the results, but with good conductors the amount of current is too 
great in a large tube, and the correspondingly greater heating effect 
has a disturbing influence, 
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Two sizes of tubes have been employed ; the larger, used for more 
dilute solutions, has an area of 0°3965 sq. cm. in cross section, and the 
smaller, used for the stronger solutions, has a sectional arew of 
0°1213 sq. cm. 

The gelatin employed was the best commercial gelatin, which had 
been purified by diffusion in distilled water, in the manner described 
by Lobry de Bruyn (Rec. Trav. Chim., 1900, 19, 236). 

The gelatin solutions of the indicator contained 12 per cent. of gelatin, 
except in the case of the twice normal lithium chloride jelly, which 
contained 20 per cent. of gelatin, as a 12 per cent. jelly would not set 
in this case. 

The indicator solutions were always of such a strength that they 
were a little stronger in equivalents than the measured solution. 


Five indicators have been employed. 


Cation indicators : 

Copper sulphate with copper anode, to minimise as far as possible 
the formation of hydrogen ions. 

Cadmium sulphate, using a cadmium anode. 

Lithium chloride with lithium carbonate suspended in the solution, to 
prevent hydrogen ions finding their way into the jelly. 

Anion indicators : 

Sodium acetate with a small proportion of acetic acid to prevent 


the formation of OH ions. 
Potassium chromate with potassium dichromate, also to prevent the 


formation of OH ions. 


Experimental Results. 


TaBLeE I. 


u/(u+). 


Indicators, 


MgSO, CuSO, and K,CrO 0-729 
CuSO, ,, NaC,H,0,| — 0°734 

CaSO, }; NaQ,H,O,|  0°738 
LiCl | |) NaC,H,0, | 0°56 to 0°61 

CaSO, LiCl |; NaC,H,0, | 0°62 to 0°65 


Table I shows that the ratio of the velocities w/v or u/(w+¥) is in- 
dependent of the nature of the indicator employed, provided it has 
specifically slower velocity than the preceding ion. 
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This condition is fulfilled by the anion in all the experiments cited 
and by the cation in the first three, and for these a number differing 
only slightly from 0-734 is obtained, whatever indicator is employed 
(further, the ratio throughout any experiment does not differ to any 
appreciable extent from the mean, and different readings show an 
irregular divergence on both sides of the mean). 

The fourth and fifth experiments correspond to the case where the 
required conditions are not fulfilled, the velocity of the indicator being 
greater than that of the preceding Mg or Cd ion. In these experi- 
ments, the boundary was very much less distinct than in the others, 
but was quite decided enough to be read with certainty, but corre- 
sponding to the mixing that takes place at one of the boundaries is a 
change in the potential fall for that part of the tube, and a consequent 
change in the ratio of the measured velocities. For comparison with 
these numbers, the value for u/(w+v) was determined by Hittorf’s 
method, and the results of the two experiments carried out are given 
in column 6. In column ¢ is given the value for the transport 
number recorded by Kohlrausch and Holborn (Leitvermigen der 
Electrolyte). Incolumn d is given the value 0°693 found by Masson 
by direct measurement of the velocity of the margin in gelatin, and 
underneath this in brackets the figures 0°688 refer to the value found 
by the author, who, for purposes of comparison, has repeated this ex 
periment in gelatin. 

It thus seems that the ratio of the velocities of the Mg and SOQ, 
ions in magnesium sulphate are considerably influenced by the presence 
of gelatin in solution. 

In table II (p. 426) are given the results obtained for different 
concentrations of salts of the type of sodium chloride. 

The first column indicates the salt; the second column under 
gives the number of gram-molecules (gram equivalents) per litre; and 
the next four columns give the values for «/(u+v) obtained by the 
different methods. Column a shows the number obtained by direct 
measurement in aqueous solution. In the majority of instances, the 
figures given are the average from a single experiment, but for the 
first salts measured a number of experiments were made, thus for 
2N potassium chloride six experiments were carried out, the mean 
number obtained in each being respectively 0°492, 0°490, 0-494, 0-488, 
0488, 0°489 ; similarly for WV potassium bromide, two experiments 
gave 0473 and 0°4735. As an example of the degree of accuracy 
which may be obtained in single readings of the velocity of the 
margin, the figures obtained in two experiments may be quoted. 

The figures agreeing most closely were obtained with W/2 potassium 
bromide solution ; the successive measurements gave 0°477, 0-480, 
0480, 0-477, 0-476. 
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Tasie Ll.—ZJndicators: lithium chloride and sodium acetate, BF | 


u/(u+). 


ee’. 


0 °498—0°486 
0°498—0°486 


0°491—0°488 


0°595—0°587 
0°593—0°587 


0°603—0'596 


0°472—0°462 
0°477—0°470 
0°482—0°472 
0°480—0°476 
0°486—0°479 


NaBr x ‘ 0°597 —0°594 1001 


The numbers which show the least agreement are those for the 2 
potassium bromide solution, namely, 0°472, 0:471, 0°471, 0°462, 0-466, 
0-467. 

In column a’ are shown the extreme numbers obtained in each ex- 
periment, and in column 6 are the figures obtained by Masson for the 
same concentrations of the same salt measured in gelatin. A com- 
parison of the figures in a and 6 shows a very close agreement between 
them, and affords no such evidence of a disturbing influence of the 
gelatin as is seen with the figures for the magnesium sulphate solu- 
tion (Table I). Apparently certain ions are very much-more influenced 
by the presence of gelatin than others, 

Column ¢ gives the latest values calculated for infinite dilution by 
Kohlrausch (Kohlrausch and Maltby, Wiss. Abhandl. Physik. Tech. 
Reichsanstalt, 1900, 3, 157), and column d gives the numbers obtained 
by Hittorf for the’ concentrations nearest those measured. The last 
column gives under ¢/c’ the ratio of the current measured by the gal 
vanometer to that calculated from the observed velocities (U+V) a 
cording to the equation : 


C=An (U+V)y where 
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y= the electrochemical equivalent of hydrogen. 

A=the area of cross section of the tube containing the solution. 

n=the number of gram-equivalents per c.c. 

U+V=the sum of the observed velocities of the two ions. 

The quantity OO 

It will be seen that the ratio in question shows as close an approxi- 
mation to unity as can be expected. The ratio for the magnesium 
sulphate solution has not yet been determined, as in these experiments 
the current was not measured. For the V and W/2 potassium chloride 
solutions and the 1/2 sodium chloride solution, the current, as already 
stated, was determined by a copper voltameter which, by direct com- 
parison with an accurate galvanometer, was afterwards proved to give 
values much too low, and it is a well known fact that outside certain 
limits the copper voltameter is not capable of giving accurate results. 

In the other experiments, the current was read every five minutes, 
and the readings plotted in a curve with the time in minutes as 
ordinate. The curve so obtained is not a straight line, but is slightly 
hollow, the current falling away more rapidly at first than afterwards, 
the average current for comparison with that calculated from the 
velocities was obtained from the area of the time-current curve. 

It has been already pointed out that the method in the present form 
is a comparative one and does not directly determine the fall of 
potential by which the ions are driven; nevertheless, this fall of 
potential is capable of being calculated, for since electrolytes have 
been shown by Kohlrausch and others to obey Ohm’s law, the relation 


E=CR, 


holds good for them. Now in an experiment the current is measured 
with considerable exactness. The resistance for a solution of a given 
concentration can be determined or is known from Kohlrausch’s 
measurements. From a knowledge of the sectional area of the 
tube, the [resistance per cm. can be easily calculated, and from . 
this and the current the fall of voltage per cm. is obtained ; so that 
it is possible to reduce the velocities recorded in Table II to absolute 
velocities which may be compared with Kohlrausch’s values, as is done 
in Table III (p. 428). 

In columns 1 and 2 the formule of the salts and the molecular con- 
centration of the solutions are given. Column 3 shows the velocity of 
the cation in cm. per second calculated for a potential difference of 
one volt percm. The fourth column gives the corresponding velocity 
for the anion, and in columns 5 and 6 are given under U (&) and V (k) 
the values for the cation and anion velocities calculated for the same 
concentrations from Kohlrausch’s measurements of the conduetivity, 


should therefore be equal to unity. 
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TaB.e III. 


U=mu. V=a0. | U (k). ¥ (k), 


0°000488 0°000476 
0°000458 0°000501 
0°000558 0°000535 
0000529 0°000561 


0°000274 0°000254 
0°000895 0°000441 
0-000318 0000287 
0°000452 : 0000509 


0°000538 0°000475 
0°000471 0000524 
0°000542 0°000507 
0°000484 0°000547 
0°000568 0°000525 
0°000516 0000567 
0°000630 0°000577 
0°000599 0°000625 


the results for the decinormal potassium bromide solution being obtained 
by extrapolation from the numbers for stronger solutions. 

A comparison of the figures shows that, on the whole, the direct 
observation of the velocity gives numbers which confirm those 
previously calculated, especially when it is borne in mind that the 
potential fall, calculated in the manner described, is probably only ap- 
proximately correct. Further, the considerable influence of tem- 
perature on the conductivity is not taken into account in the 
preparation of this table, since the temperature at which the ex- 
periments were made was not in all cases determined ; in most of the 
experiments it was about 14°, whilst Kohlrausch’s figures refer to 8 
temperature of 18°. 

As required by the dissociation theory, it will be seen that, in all 
the salts examined, the velocity UV =au shows an increase with dilution 
and consequent increase of the coefficient of ionisation x. This is 
best seen in the figures for the potassium bromide solution, since 
for this salt the measurements extend over a greater range of 
concentration. 

Attempts have been made to obtain more accurate values for the 
fall of potential by direct measurement during the experiment, and 
although no results of any value for this purpose have been obtained, 
it may be of interest to describe the method tried. 

A narrow glass tube, which by careful measurements was found to 
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have the same cross section (external) for about 15 cm., was cut in 
the centre of the calibrated part ; each of the tubes thus obtained had 
three fine holes drilled through the wall by means of a fine diamond, 
the first hole being about 1 cm. and the second and third holes 
respectively 2 and 4 cm. from the end of the tube. A platinum wire 
was then brought through each hole from the inside and the wires 
were insulated from each other by filling the tube with sealing wax, 
the protuding ends of the wires being finally cut off and filed smooth. 
One of these tubes was then placed in each of the tubes A and B 
through the rubber corks, /, /’, so that in each tube there was a platinum 
point 1, 2, and 4 cm. from the gelatin, the wires from which were con- 
nected with apparatus by means of which the potential difference 
between each or any of the six points could be measured. At the 
beginning of an experiment the potential fall would be uniform and 
the same in each of the tubes A and JB, since the external and internal 
tubes were both of even cross section. 

It was found that the amount of polarisation between the points 
was too great and too variable in different parts of the system to 
yield results of any value. 

The use of platinised points diminished the polarisation, but it was 
still much too great and too uneven. As a general result of these 
trials, however, it has been found that, as required by the theory, and 
in confirmation thereof, the fall of potential is in all cases much 
steeper in that portion of the system which contains the indicator 
solutions whose ions have a slower velocity than those which they 
follow. 

It is intended to extend further the series of measurements, and in 
particular to investigate the application of the method to salts of a 
less simple type than sodium chloride. 


In conclusion, the author desires to express his thanks to Professor 
Abegg for the help and encouragement he has received from him 
during the whole course of the work. 
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XLV.—Isomeric Salts containing Quinquevalent 
Nitrogen. Part VII. Benzylhydrindamine Bromo- 
camphorsulphonates, 


By Freperic Stanuey Kippine, Ph.D., D.Sc., F.R.S., and Harom 
Hatt, A.I.C. 


BENZYLHYDRINDAMINE, a base prepared by treating dl-hydrindamine 
with benzyl chloride, combines with a-bromocamphorsulphonic acid, 
forming a salt which, on fractional crystallisation, is resolved into 
isomerides of the composition C,,H,,N,C,,H,,BrO-SO,H. 

The more sparingly soluble a-compound differs from the more 
readily soluble 8-compound in appearance, melting point, and other 
ordinary properties, and although the specific rotations are practically 
the same in alcoholic they become dissimilar in chloroform solution. 

When the two isomerides are separately decomposed with barium 
hydroxide, they both give an optically inactive benzylhydrindamine, 
and the ammonium bromocamphorsulphonate obtained from the 
solution of the barium salt is, in both cases, identical in ordinary and 
in optical properties with ammonium d-bromocamphorsulphonate ; 
consequently the two isomerides consist of the same base and the 
same acid. 

Judging by analogy, the isomerism of these two salts is of the 
same peculiar character as that of the hydrindamine bromo- and 
chloro-camphorsulphonates and cis-r-camphanates (Kipping, Trans., 
1900, '77, 861), but whereas in the latter the nitrogen atom is united 
with only three different atoms or groups, the benzylhydrindamine 
salts contain a nitrogen atom directly combined with the radicles H, 
O,H,, C,H,, and C,,H,,BrO°SO,. 

Now the presence of four different groups attached to nitrogen 
might determine the existence of enantiomorphously related optically 
active forms, and since benzylhydrindamine contains an asymmetric 
carbon group, if the arrangement of the groups around the nitrogen 
atom is really such as to give rise independently to further optical 
isomerism, the following four hydrochlorides of benzylhydrindamine 
would, theoretically, be capable of existence: 


abe abe 
\VY INA 
me .§+) GC (+) 
H—N—X 
oN. tr) fi KOJ 
| ee | H B 
I. II. 


QUINQUEVALENT NITROGEN. PART VII. 431 


These four isomerides might therefore be expected to unite in pairs 
(I and IV, If and III) to form two externally compensated or 
racemic salts differing from one another in ordinary properties.. 

If, however, the chlorine atom, X, in the above compounds be dis- 
placed by the ion of d-bromocamphorsulphonic acid, the forms I and IV, 
II and III are no longer enantiomorphously related, and the forma- 
tion of externally compensated salts is therefore impossible ; on the 
other hand, two partially externally compensated salts might be 
formed, just as in the case of many of the salts of hydrindamine, and 
for the same reasons. Whether the observed isomerism of the 
benzylhydrindamine bromocamphorsulphonates should be attributed to 
the existence of four optically active ammonium bases, enantiomorphously 
related in pairs, as indicated by the above formule, or whether it 
should be considered to be analogous to that of the hydrindamine bromo- 
camphorsulphonates, there is no means of deciding with certainty from 
the facts at disposal; there is, indeed, no considerable difference 
between the two views in question, except that in the case of the 
hydrindamine salts the enantiomorphous relationship of the forms 


abe acb 


\/ \Y 
¢ 


H—N—Y Y—N—H 


ee" w~ 
H H H H 


may be left open (Joc. cit., p. 869). 

The fact that both salts afford an optically inactive benzylhydrind- 
amine on decomposition is in accordance with either view, since when 
the base is liberated the nitrogen atom becomes tervalent. 

The slight difference in the observed specific rotations of the salts in 
chloroform solution recalls the analogous observations made in the 
case of aqueous solutions of the hydrindamine compounds, but throws 
no light on their nature ; if completely dissociated, they would prob- 
ably both give the normal molecular rotation of the acid, but owing to 
their very slight solubility in water, their specific rotations in aqueous 
solution could not be determined. 

For the same reason, namely, their slight solubility, it is not very 
easy to convert the isomerides into well-crystallised salts of some 
optically inactive acid. When, however, a solution of the #-salt is 
treated with a solution of picric acid, a precipitate of benzylhydrind- 
amine picrate is obtained. This salt is identical in melting point and 
in crystalline character with the picrate obtained by precipitating a 
solution of benzylhydrindamine hydrochloride. 


Now if the isomeric benzylhydrindamine bromocamphorsulphonates 
HH 2 
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represented salts derived from two different externally compensated 
bases, as formulated above, the B-salt might be expected to give a 
picrate different from that obtained from benzylhydrindamine hydro- 
chloride, because whereas the latter would contain all four bases, the 
B-salt would contain only two of them, I and IV, or II and III; the 
fact, then, that the picrates are identical in outward properties, taken 
in conjunction with the apparent homogeneity of the hydrochloride of 
the base, seems to show that the original benzylhydrindamine has not 
been resolved into isomeric externally compensated bases, or, in other 
words, that the existence of its two bromocamphorsulphonates is not 
caused by optical isomerism of the groups united to nitrogen. The 
evidence, however, is not satisfactory, and the whole problem is of 
considerable complexity so, for the present at any rate, it seems 
preferable to regard the isomerism of the benzylhydrindamine salts as 
being analogous to that of the salts of hydrindamine. 

Accepting the latter view, isomerism of this kind has now been 
observed in the case of the 


Hydrindamine bromocamphorsulphonates (Trans., 1900, '77, 861) 
af chlorocamphorsulphonates ( ae ) 
pe cis-r-camphanates, and = ( - ) 

Benzylhydrindamine bromocamphorsulphonates. 


The following compounds, however, namely : 


Hydrindamine d-camphor-z-sulphonate (this vol., p. 370) 
d-mandelate -s 
d-camphor-a-sulphonate (this paper) 
d-hydroxy-cis-r-camphanate ( ,,  ) 


do not afford any evidence of the existence of isomeric forms when 
they are fractionally crystallised. 

It will be obvious from this summary that the nature of the 
isomerism in question is of a very peculiar character, inasmuch as with 
one and the same base, namely, d/-hydrindamine, acids which are very 
closely related to one another give different results : a-bromocamphor- 
sulphonic acid gives separable isomerides differing very considerably 
in ordinary properties, whilst its simple reduction product, camphor- 
x-sulphonic acid, gives an apparently homogeneous salt ; again, cis 
camphanic acid affords separable isomerides somewhat similar to one 
another in properties, whereas its hydroxy-derivative gives a salt 
which is apparently homogeneous. 

These remarkable facts, and the discovery that ordinary d-bromo- 
camphorsulphonic acid contains'a small quantity of the corresponding 
l-acid (this vol., p. 370), raised misgiving as to whether the formation 
of these isomeric salts might not after all be caused by the presence of 
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some isomeride in the acids used, but a reconsideration of the facts and 
further experimental-evidence show such a view to be untenable. 

As previously stated (Trans., 1900, '77, 861), the more readily 
soluble B-salt can be partially converted into the a-salt in the case of 
the three pairs of isomerides already described ; this fact has since 
been confirmed in the case of the cis-r-camphanates. It has also been 
shown that some ammonium bromocamphorsulphonate, identical in 
ordinary and in optical properties with the salt prepared from the 
a-isomeride, can be obtained from the more readily soluble B-salt ; the 
further experiment described below proves that the whole of the acid 
in the B-salt consists of ordinary d-bromocamphorsulphonic acid. 

Again, the hydrindamine cis-7-camphanates have (sometimes) widely 
different specific rotations in alcoholic solution, but give practically 
identical values when they are dissolved in water ; this fact, and the 
partial conversion of the B- into the a-salt on evaporating with the 
dl-base, seemed to prove beyond doubt that the acids of the two 
isomerides were identical ; in the course of further experiments with 
these remarkable salts, additional evidence, perhaps not wholly un- 
necessary in view of the origin and nature of the acid, has been 
obtained that this conclusion is correct. 

So far, then, the facts established during the study of the salts 
described in these papers tend to bear out the theoretical views which 
have already been tentatively put forward to explain these cases of 
isomerism. The results of the investigation of the hydrindamine 
mandelates have shown, moreover, that ¢hree salts, which are optically 
different, namely, dAdB, dA/B, and/A/B may form a mixture which 
is not resolved into appreciably different fractions on crystallisation ; 
it is therefore by no means improbable that, as already suggested, the 
product of the combination of an optically active acid with an ex- 
ternally compensated base may be a mixture of four optically different 
forms, which sometimes unite in pairs to form separable partially 
externally compensated salts, but sometimes give separable salts of the 
enantiomorphously related bases ; from experience gained in working 
with various externally compensated acids and bases, it would seem 
that what has hitherto been generally regarded as the normal 
behaviour, namely, a’separation of the optical, antipodes, is in reality 
4 somewhat exceptional result, and that in the majority of cases the 
two compounds unite to form a mixture of dAdB and dAJB or of dAdB 
and JAdB, as the case may be, which crystallises unchanged at the 
ordinary temperature. 

The recently observed fact that tetrahydro-8-naphthylamine readily 
undergoes partial racemisation when liberated from its salts (Pope 
and Harvey, this vol., p. 74) might perhaps be thought to have some 
bearing on the question of the isomerism of the hydrindamine salts 
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considering the relationship between the two bases; and it might 
even be inferred that the a- and B-isomerides actually represent salts 
of the enantiomorphously related hydrindamines, which then at once 
undergo racemisation when set free from the acid. This possibility, 
however, has already been considered * and rejected (Kipping, Trans,, 
1900, '7'7, 878, 909), and the further evidence arising from the study 
of the benzylhydrindamine salts seems to exclude the possibility of 
any separation of the enantiomorphously related bases having 
occurred. 
Benzylhydrindamine. 

When benzyl chloride is added to an ethereal solution of hydrind- 
amine, interaction occurs slowly at the ordinary temperature, crystals 
' Separate, and the change is completed by warming on the water-bath 
during some hours ; after distilling off the ether and separating any 
unchanged benzyl chloride with a current of steam, the aqueous 
solution is evaporated to a small bulk, and the oily product which then 
separates is dissolved by the addition of a little alcohol ; on cooling, 
benzylhydrindamine hydrochloride is deposited in almost colourless 
crystals and may be purified by recrystallisation from water or dilute 
alcohol. 


For analysis, 0°2629 gram of a sample dried at 100° was dissolved 
in a large volume of boiling water, the solution acidified with dilute 
nitric acid and treated with silver nitrate: AgOl=0:1394. Cl=134 

C,,H,,N,HCl requires Cl=13°6 per cent. 


Benzylhydrindamine hydrochloride crystallises from water in very 
_ small prisms which melt at about 180—181° (corr.) when heated quickly, 


* It was suggested that the mechanism of the change in such cases might be as 
follows. 


d-Form. 1-Form. 
a b 


b 
mst a 
— nk 


This view has since been adopted by Pope and Harvey (Joc. cit.), who apparently 
overlooked the fact that it had been previously advanced. 

The readiness with which many substituted acids containing the asymmetric group 
in the a-position undergo racemisation may be accounted for in a similar manner: 


d-Form. 1-Form. 
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but the melting point varies considerably with the experimental con- 
ditions and on continued heating even at about 175° the salt gradually 
liquefies ; it is readiiy soluble in hot, but only sparingly so in cold 
water, and dissolves freely in cold alcohol. 

The base is obtained as a colourless oil on treating a solution of the 
hydrochloride with an alkali; it is practically insoluble in cold water 
and has a neutral or only very feebly alkaline reaction to litmus; it | 
yolatilises in steam, but only slowly. 


Benzylhydrindamine Bromocamphorsul phonates. 


The base, liberated from the pure hydrochloride and separated by 
extracting with ether or distilling in steam, is treated with a slight 
excess of d-bromocamphorsulphonic acid in aqueous alcohol, and the 
solution evaporated if necessary ; on cooling, crystals are deposited 
and by repeated fractional crystallisation of the first and subsequent 
deposits from boiling water or dilute methyl alcohol, two salts are 
obtained in a state of purity. 

a-Salt—The more sparingly soluble, or a-salt, separates from water 
in flat, thin, transparent plates melting sharply at 210—211° (corr.) ; 
it is almost insoluble in ether, and only very sparingly soluble in 
éthyl acetate or cold water, but dissolves comparatively easily in 
hot alcohol or cold chloroform. It is usually obtained in microscopic 
plates or fern-like masses, which, however, under the microscope, are 
easily distinguished from the crystals of the B-isomeride. The salt is 
anhydrous. 


0:2 gave 00707 AgBr. Br= 15-0. 
C,,H,,N,C,,H,,BrO°SO,H requires Br=14°9 per cent. 


Determinations of the specific rotation of the a-salt gave the following 
results ; 


0:25 gram was dissolved in 96 per cent. ethyl alcohol, the solution 
diluted to 25 c.c. and examined ina 200 mm. tube: ap= +1°0’, whence 
[@= +50° and [M],= +267°. 

02 gram dissolved in chloroform, all other conditions as before, gave 
= +40’, whence [a]>= +41°6°. 

04 gram dissolved in chloroform, all other conditions unchanged, 
gaveap= + 1°16’, whence [a]p= +39°7°. 

The base obtained from the a-salt is optically inactive: 1 gram of 
the salt decomposed with potash in the cold and the base extracted 
with ether gave an ethereal extract (about 20 c.c.) which showed no 
optical activity when examined in a 200 mm, tube. 

In order to prove that the salt is derived from ordinary d-bromo 
camphorsulphonic acid, a sample was decomposed by warming it with a 
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solution of the calculated quantity of barium hydroxide ; after cooling 
and extracting the base with ether (the extract was optically inactive), 
the aqueous solution of the barium salt was precipitated with ammon- 
ium carbonate, the filtered solution evaporated to dryness, and the 
residue heated on the water-bath until all ammonium carbonate had 
been expelled ; the residual ammonium bromocamphorsulphonate was 
finally recrystallised from a very small quantity of water, dried, and 
its specific rotation determined in aqueous solution. The value obtained 
agreed with that of ammonium d-bromocamphorsulphonate. 

B-Salt.—The more readily soluble, or A-salt, melts at 192—194° 
(corr.), and also differs from the a-isomeride in outward properties, 
being usually obtained in aggregates of poorly defined, microscopic 
prisms ; it is anhydrous and its behaviour towards solvents is similar 
to that of the a-salt. 


0°2 gave 0°0702 AgBr. Br=14°9. 
C,,H,,N,C,,H,,BrO°SO,H requires Br= 14-9 per cent. 


The specific rotation of this salt was determined in alcoholic and in 
chloroform solution : 


0°25 gram was dissolved in 96 per cent. ethyl alcohol, the soluticn 


diluted to 25 c.c. and examined in a 200 mm. tube: ap= +1%’, 
whence [a]p>= +51°5° and [M])>= +275° 


Under the same conditions, but using chloroform as solvent : 


0°2 gram gavea= +44’: [a]p= +45°8° 
04 » » a= +1922: [alp= +42°8° 


It seems from these determinations that the isomerides have practi- 
cally the same specific rotation in alcoholic solution, and that their 
molecular rotation in this solvent is the same as that of the fully 
dissociated salts of d-bromocamphorsulphonic acid; this might be 4 
mere coincidence, but the experiments on the decomposition products 
of the isomerides show that the base of the salts is in both casts 
optically inactive, and that both salts contain d-bromocamphorsulphonic 
acid. 

The specific rotation of the #-salt in chloroform solution seems tobe 
rather higher than that of the a-isomeride, the above results having bee 


obtained under exactly the same conditions in the two cases; the 


difference, however, is so small that it almost falls within the limits of 
experimental error, and in any case it is not of any great importance, 
as the values obtained for the specific rotation in such 4 solvent 
cannot throw any light on the nature of the salts. : 

++ That the base obtained from the A-salt is identical with that givél 
by the aisomeride was proved by decomposing the former with , 


on fs ffs = « 


ra. 


La} 
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warm solution of the calculated quantity of barium hydroxide and then 
extracting with ether; the ethereal extract was optically inactive, 
and when shaken with hydrochloric acid it gave a benzylhydrind- 
amine hydrochloride identical as regards melting point and outward 
properties with that obtained from the a-salt in a similar manner, and 
also with the hydrochloride of the original base. The solution of the 
barium bromocamphorsulphonate was precipitated with ammonium 
carbonate and the ammonium salt of the bromo-acid was purified as 
described in the case of the a-isomeride ; the specific rotation of this 
ammonium salt was found to be identical, within the limits of ex- 
perimental error, with that of ammonium d-bromocamphorsulphonate. 


Benzylhydrindamine Picrate. 


In order to obtain further evidence as to the nature of the base con- 
tained in the isomeric benzylhydrindamine salts, attempts were made to ~ 
transfer the base directly from the bromocamphorsulphonic acid to some 
optically inactive acid ; from an examination of the new salt, informa- 
tion might then be obtained as to whether the original base had or had 
not been resolved into different components. 

Owing to the very slight solubility of the a-salt, which crystallises 
unchanged from moderately concentrated hydrochloric acid, the 
B-isomeride was employed, but even in this case the choice of methods 
is limited for a similar reason. Picric acid, however, precipitates the 
base from a solution of its bromocamphorsulphonate in very dilute 
methyl alcohol, in the form of a canary-yellow, somewhat sticky mass, 
which, on recrystallisation from aqueous methyl alcohol is deposited in 
slender, well-defined, transparent, yellow prisms or in more compact, 
poorly-defined crystals. This picrate, when heated slowly, sinters 
slightly at 159—160° and melts completely at 162—163°. 

The picrate was also prepared from a sample of benzylhydrindamine 
hydrochloride in a similar manner and compared with that obtained 
from the B-salt ; they melted simultaneously, appeared to be identical 
in crystalline character under the microscope, and, in short, no 
difference between them could be observed ; a finely divided mixture 
of the salts from the two sources melted at the same temperature as its 
separate constituents. 


dl-Hydrindamine Camphor-a-sulphonate. 


The unsuccessful result of the attempts to isolate isomeric salts 
analogous to the hydrindamine bromocamphorsulphonates from the 
product of the combination of hydrindamine and camphor--sulphonic 
acid (Kipping, this vol., p. 370), led us to try and obtain such 
isomerides with the aid of Reychler’s camphorsulphonic acid. 
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On neutralising this acid with an aqueous alcoholic solution of 
hydrindamine and then evaporating, the salt is deposited from the cold 
solution in long prisms or needles, but as it is very readily soluble in 
water it is most conveniently crystallised from a mixture of alcohol 
and ethyl acetate; by making use of these solvents and crystallising 
in a systematic manner, part of the product was finally obtained as two 
extreme fractions, which, however, proved to be identical in ordinary 
and in optical properties. 

Hydrindamine camphor-a-sulphonate crystallises from water in 
transparent prisms melting at 167—168° (corr.) apparently without 
decomposing ; it is very readily soluble in water, chloroform, or 
alcohol, less readily in ethyl acetate, and almost insoluble in ether ; it 
separates in prisms from all solvents which were examined, and under 
the microscope no indication of the presence of different crystals is 
observed. 

The salt is anhydrous, and a nitrogen estimation gave results agree- 
ing with those required for the formula C,H,,N,C,,H,,0°SO,H. 

The specific rotation of the salt was determined in aqueous solution, 
the two extreme fractions being employed : 


First fraction: 0°6 gram was dissolved in water, the solution diluted 
to 25 c.c. and examined in a 200 mm. tube: ap = +39’, whence 
[a]> = +13°5° and [M], = +49°3°. 

Last fraction : 0°6 gram under the same conditions gave ap= +38, 
whence [a]p>= +13:2°and[M]) = +48:2°, 

The molecular rotation of this camphorsulphonic acid has been deter- 
mined by Pope (Trans., 1900, '7'7, 1085), who found it to be +517°; 
the above results accord fairly well with this value, and their close 
agreement with one another shows that no resolution of the salt has 
occurred, but whether it is a true partially racemic compound or & 
mere mixture, there is no evidence upon which to base a decision. 

In alcoholic solution, the specific rotation is very much higher than 
in aqueous, as shown by the following determination : 


0°5 gram dissolved in 96 per cent. ethyl alcohol, the solution diluted 
to 25 c.c. and examined in a 200 mm. tube, gave ap= +1°2', whenee 
[a]l> = +25°8° and[M], = +94° 

This great difference between the values obtained in these two 
solvents is rather noteworthy when contrasted with the comparatively 
small difference caused by the substitution of alcohol for water in the 
case of d/-hydrindamine camphor-z-sulphonate. 
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dl-Hydrindamine d-Hydrosy-cis-2-camphanate. 


The fact that cis-r-camphanic acid yields separable isomeric salts 
with d/-hydrindamine rendered it probable that hydroxy-cis-r-cam- 
phanic acid (Kipping, Trans., 1896, 69, 947) would do so likewise, but 
experiment showed this inference to be unfounded. 

On treating hydroxy-cts-r-camphanic acid with an aqueous solution 
of the base in slight excess and then concentrating, the salt is 
deposited in long, transparent prisms ; by systematic crystallisation 
from dilute methyl alcohol, the original preparation was separated 
into two extreme fractions which, however, proved to be identical. — 

Hydrindamine hydroxy-cis-r-camphanate separates from dilute 
alcohol in prisms containing water of crystallisation. 


05136 air-dried salt lost 0°0114 H,O at 100°. H,O=2°2. 
C,H,,N,C,,H,,0,;,4H,O requires H,O = 2°5 per cent. 


The anhydrous compound melts at 206—207° (corr.), sintering a little 
at about 202° ; it is readily soluble in cold alcohol or hot water, but the 
hydrated crystals are practically insoluble in chloroform, ether, or 
ethyl acetate. The specific rotation of the salt in aqueous solution 
was 80 low that it could not be determined with reasonable accuracy 
in dilute solutions, but a determination with a sample of the air-dried 
acid gave [a]p>= +10°8° in 2 per cent. aqueous solution ; the identity 
of the two extreme fractions of the salt in melting point and in all 
ordinary properties may be taken as satisfactory proof that the base 
has not been resolved into its enantiomorphously related constituents. 

Aqueous solutions of hydrindamine hydroxy-cis-7-camphanate soon 
become acid to litmus when they are boiled, the base escaping with 
the steam. It is possible that this fact, which no doubt indicates 
hydrolytic dissociation, is accountable for the failure to isolate 
isomeric forms of the salt, since, as already pointed out, the isomeric 
¢i¢r-camphanates, which also undergo hydrolytic dissociation to some 
extent, are partially converted one into the other in aqueous solution. 


Hydrindamine Bromocamphorsulphonate. 


The difficulty of explaining satisfactorily the formation of the two 
hydrindamine bromocamphorsulphonates, when considered in the light 
of the recent discovery of the existence of isomeric bromocamphor- 
sulphonic acids (this vol., p. 370), seemed to render desirable some further 
experimental evidence in support of the view that the isomerides are 
derived entirely from the same acid and the same base. 

As the B-salt is formed in such relatively small quantities, and as 


440 KIPPING AND HALL: ISOMERIC SALTS CONTAINING 


this salt also gives a molecular rotation below the normal, it might be 
concluded that it contained a small proportion of the salt of /-bromo- 
camphorsulphonic acid; such a conclusion, no doubt, would be 
difficult to reconcile with many of the facts already recorded, as, for 
example, the conversion of the B- into the a-isomeride on evaporating 
with the di/-base, and it is now shown to be quite untenable by the 
following experiment : 

0°5 gram of a sample of the air-dried B-salt was dissolved in water, 
the solution diluted to 25 cc. and examined in a 200 mm. tube; 
the average reading was ap= + 2°3’, whence [a])>= +51°25° and 
{[M],>= +227°5°, a result which agrees well with previous deter- 
minations. | 

The whole of the solution was then carefully washed into a flask, 
treated with 1/10 sodium hydroxide solution in slight excess of the 
quantity required to liberate the base, and boiled until the latter was 
completely expelled ; after cooling and diluting to 25 c.c. again, the 
solution, when re-examined in a 200 mm. tube, gave ap= +2°22,, 
whence [a]p»= +59°25° and [M])»= +263°. Taking the water of 
crystallisation in the original salt as being 2°8 per cent., the molecular 
rotation calculated for the anhydrous salt would be [M],= +270, 
a value which agrees exactly with that of d-bromocamphorsulphonic 
acid, 

This result shows that the B-salt is free from the -bromo-acid, and 
that its low molecular rotation is determined by the presence of 
hydrindamine; that the base contained in it is externally com- 
pensated seems to be a conclusion amply warranted by other facts 
already recorded. 


Isomeric Hydrindamine cis-r-Camphanates. 


The investigation of these interesting isomerides has been continued 
and, briefly stated, the results have only served to confirm those pre- 
viously recorded ; samples of the a-isomeride melting at 193° and 
having a specific rotation [a]p= - 8°, when repeatedly crystallised 
fractionally from alcohol, gradually change in specific rotation and 
become dextrorotatory, but without any alteration in melting point. 
The experimental results, however, are very irregular and uncertail, 
and sometimes two or three recrystallisations fail to bring about any 
noteworthy change in optical properties. : 

In the case of these isomerides, more attention has so far been paid 
to proving that they both contain externally compensated base 
(Trans., 1900, '77, 909) than to establishing the identity of the acids 
contained in them, and although the fact that their molecular rol#- 
tions are practically the same in aqueous solution, indicated the absence 
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ofany isomeric acid, the evidence on this point was not altogether 
satisfactory. The partial conversion of the 8- into the a-salt on 
evaporating with d/-base is a much stronger argument in support of 
the identity of the acids, but here again the experimental results are 
very irregular and uncertain; in working with moderate quantities 
(|—2 grams) of the A-salt, the solution may be evaporated with base 
as many as 10 times without any change in melting point of the salt 
being observed, but on persevering a favourable result is ultimately 
obtained, and after about 20 operations the melting point of the 
deposit has usually risen considerably. 

The fact that cis-3-camphanic acid is formed by the distillation of 
rhydroxycamphoric acid at a high temperature (Trans., 1896, 69, 944) 
and that consequently the acid used in these experiments might be a 
mixture of the d- and /-isomerides owing to partial racemisation having 
occurred, was a possibility which has not hitherto been discussed, 
although it has been shown that the acid from the a-salt is identical 
in melting point and appearance with that of the B-salt ; this fact does 
not exclude the possibility just mentioned because dl-cis-z-camphanic 
acid is a mere mixture of the isomerides, and its melting point is 
practically the same as that of its separate components. 

In order to obtain conclusive evidence on this point, samples of the 
a-and B-salts melting at 193° and 173° respectively were separately 
decomposed with a solution of-hydrogen chloride in aqueous methyl 
alcohol; the precipitated acids were filtered off, washed well, and 
dried. Their specific rotations were then determined with the follow- 
ing results : 


Acid from a-salt : 0°367 gram was dissolved in water and a few drops 
of ammonia, the solution diluted to 25 c.c. and examined in a 200 mm. 
tube: ap= —38’, whence [a]p>= —21°6°. 

Acid from f-salt: 0°367 gram under exactly the same conditions 
gaveayp= —39’, whence [a|p= —22°1°. 


These results show that the salts contain the same acid and thus 
confirm the conclusion arrived at from the consideration of the data 
already recorded. 


To the Government Grant Committee of the Royal Society the 
authors desire to express their thanks for a grant which has enabled 
them to continue this work. 
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NorrineHam. 
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XLVI.—Isomeric Hydrindamine Mandelates and 
Phenylchloracethydrindamides. 


By Freperic Sranuey Kuippine, Ph.D., D.Sc., F.R.S., and 
Harotp Hatt, A.I.C. 


ConsipERING the fact that fractional crystallisation of the salts of 
hydrindamine with so many different optically active acids fails to 
resolve the base into enantiomorphously related compounds, whilst in 
some cases the salts are separable into isomeric partially externally 
compensated substances (Kipping, Trans., 1900, '7'7, 861, and this vol,, 
p. 430), it seemed interesting to try and obtain some evidence of 
that asymmetry which the accepted constitution of hydrindamine 
demands. 

For this purpose the hydrindamine salt of racemic mandelic acid 
was prepared and examined ; if the base really is an externally com- 
pensated compound it should unite with this acid, forming in solution 
the four optically different isomerides, 


dBdA; (BIA; dBIA ; IBdA, 


of which the first and the last pairs might possibly crystallise 
together, thus forming éwo racemic or externally compensated salts; 
if separable by fractional crystallisation, the isolation of two such 
products would serve as confirmatory, if not as conclusive evidence, 
of the presence of an asymmetric carbon group in hydrindamine, 

Experiment showed that the salt actually obtained from hydrind- 
amine and racemic mandelic acid was not separable into isomerides 
by fractional crystallisation from alcohol or water ; consequently, still 
assuming that the base is externally compensated, it might be con- 
cluded either that the salt is actually a crystalline mixture of the 
four optically different isomerides enumerated above, or—which seems 
more probable—that during its crystallisation the one pair of 
enantiomorphously related compounds changes into the other, that is 
to say, dBdA and /B/A give dB/A and JBdA or vice versa. 

The latter view is supported, and the asymmetry of the hydrind- 
amine molecule is established, by the behaviour of the base towards 
externally compensated phenylchloracetyl chloride, with which it 
yields two different optically inactive phenylchloracethydrindamides, 
0,H,*CHCl-CO-NH-O,H,, apparently in equal quantities, These two 
externally compensated products must of course be represented by 
dAcdB+lAcIB and dAclB+JAcdB respectively, where Ac represents 
the radicle C,H, CHCl-CO, and B the basic residue, NH-0,H,. 

The apparent difference in the behaviour of the base towards the 
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externally compensated acid chloride, on the one hand, and the racemic 
mandelic acid, on the other, is no doubt due to the fact that whereas 
the four substituted amides cannot undergo any change in solution or 
during crystallisation, the hydrindamine mandelates are electrolytic- 
ally and hydrolytically dissociated ; in the case of the salts, therefore, 
the isomeric pairs are mutually convertible 


dBdA + (BIA = dBiA + /BdA, 


and, on crystallising, only one externally compensated or racemic salt 
may be obtained. 

When pure optically active mandelic acid is neutralised with ex- 
ternally compensated hydrindamine, there is formed a salt which is not 
separated into isomerides on fractional crystallisation; this salt, 
therefore, is a partially externally compensated or partially racemic 
substance and may be represented by dAdB+dA/B. 

The great similarity in all except optical properties between this 
salt and that of the optically inactive acid is very noteworthy ; the 
two compounds are similar in appearance and crystalline character, 
they have almost the same melting point, and mixtures of the two in 
different proportions all melt at practically the same temperature as 
the compounds taken separately. 

Now according to the simplest view, the salt of the racemic acid must 
consist of the two constituents dAdB+/A/B (or dA/B+/AdB), and 
the salt of the active acid must contain both dAdB and dA/B, so that 
in this case a mixture of the three different compounds 7A/B, dAdB, 
dAlB in different proportions has almost the same melting point as the 
mixture of equal quantities of any two of its components. 

The question whether the melting point affords a criterion for dis- 
tinguishing between a racemic and an externally compensated com- 
pound has recently given rise to much discussion, and the principles 
underlying the phenomena have been discussed by Bakhuis-Roozeboom 
(Zeit. physikal. Chem., 1899, 28, 494). The case above-mentioned, 
however, appears to be without precedent as regards such optical 
isomerides, and is therefore of considerable interest. 

Even if the completely externally compensated salt dAdB, JAIB of 
the racemic acid be regarded as a conglomerate or as an isomorphous 
mixture, it is a curious fact that its melting point should be so close 
to that of the salt dAdB, dAJB of the active acid, even if the latter 
is a substance of the same type, because dA/B and /AJB are different 
compounds, and the further fact that mixtures of dAdB, JA/B, dAJB 
all melt at the same temperature seems to point to the conclusion that 
these three salts, if separated, would all be found to have almost the 
fame melting point, and to unite in all proportions to form iso- 
morphous mixtures.’ 
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The latter conclusion is supported by the behaviour of the salts on 
crystallisation. When a mixture of the salt of the dl- with that of 
the d-acid is submitted to fractional crystallisation, no difference can 
be detected in the specific rotation of successive deposits ; in other words, 
the three different salts of which such a mixture is composed are 
deposited together in essentially the same proportion as that in which 
they exist in solution. 

Tt has recently been shown (this vol., p. 370) that on evaporating a 
solution of unequal quantities of the hydrindamine salts of d- and of 
Lcamphor-r-sulphonic acids, the hydrindamine camphorsulphonate is 
deposited in a larger proportion than that in which it is present in 
solution ; from this fact it was argued that the d/-salt is a racemic 
compound. The analogous mixture of the salts of the d- and /-man- 


delic acids does not show this behaviour, and consequently the absence . 
of any racemic or partially racemic compound may be inferred; on be 
the evidence before us, we may therefore conclude that the salts of ¥ 
the active and inactive acids are isomorphous mixtures of two optically . 
different isomerides. pa 
Various interesting questions arise from a consideration of the facts pn 
stated above in addition to those concerning the melting point and solu- Me 
bility of mixtures of partially and completely externally compensated 
salts : whether, for example, it would be possible in any case to isolate 

two externally compensated salts by the fractional crystallisation of the 
product of a racemic acid and a racemic base; employing suitable 
solvents which would not admit of any dissociation taking place, the a 
reply would probably be in the affirmative, but if not, the further h 
question would then arise as to the possibility of the existence of - 
F , dAIB_ ~—: LAB : 
oubly racemic salts of the type { dAdB ’ IAIB b. oth 
The use of phenylchloracetyl chloride and of other acid chlorides Proc 
for the detection of asymmetry in amido- and hydroxy-compounds is hyd 
of course capable of wide application and should prove valuable in T 
many cases which do not yield to other methods; the resolution of tem 
such compounds with the aid of optically active acid chlorides should aleo 
also be possible, and experiments are now being made to test this grad 
view. prod 
TI 

Externally Compensated Hydrindamine Mandelate. evap 

When racemic mandelic acid is neutralised with an aqueous solution “_ 

of externally compensated hydrindamine and the solution of the salt the fl 
concentrated by evaporation, successive crops of crystals of hydrind- diffe 
amine mandelate may be obtained ; when these deposits are submitted extra 
to further fractional crystallisation, there is no evidence of any . 


separation having occurred, and the properties of the first and last 
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fractions are in all respects identical ; they both melt at 140—141° 
fairly sharply, sintering slightly at about 138°, and when crystallised 
from various solvents under the same conditions they give deposits 
indistinguishable under the microscope. It must be concluded, there- 
fore, that the salt is not separable into isomeric forms by fractional 
crystallisation. 

d-Hydrindamine d/-mandelate is readily soluble in warm water 
and cold alcohol, moderately so in boiling ethyl acetate, only very 
sparingly so in boiling chloroform and practically insoluble in cold 
ether. It seems to be stable at 100°, samples which had been heated 
on the water-bath for some hours having the melting point 139—140° ; 
in aqueous solution, however, it seems to be very slowly decomposed 
at 90—100°, the solution becoming turbid, and when the solution is 
boiled hydrindamine rapidly escapes with the steam. This fact seems 
to show that the salt is hydrolytically dissociated in aqueous solution 
toa considerable extent. The salt usually crystallises in flat, trans- 
parent, rhomboidal prisms or in concentrically grouped masses of long, 
prismatic needles; aqueous solutions usually deposit hard, opaque 
nodules, 


Isomeric Externally Compensated Phenylchloracethydrindamides. 


Phenylchloracetyl chloride, prepared by treating racemic mandelic 
acid with phosphorus pentachloride at 160° and distilling under 
reduced pressure, interacts readily with hydrindamine in ethereal 
solution, the product separating in colourless crystals mixed with 
those of hydrindamine hydrochloride; the solution is filtered, the 
sther evaporated, and the residue mixed with the main bulk of the 
product, which is then extracted with cold water to separate the 
hydrochloride. 

The crude phenylchloracethydrindamide melts indefinitely at a 
temperature below 120°, but when repeatedly crystallised from 
alcohol the melting point of the more sparingly soluble portions 
gradually rises to 149—150° and there remains constant; this 
product will be distinguished as the A-isomeride. 

The alcoholic mother liquors from the A-isomeride, on spontaneous 
evaporation, give deposits which are obviously mixtures, but 
owing to the slight difference in the solubility of the two compounds, 
the separation of the more readily soluble one is a task of some 
difficulty. By systematic fractional crystallisation, combined with 
extraction, and aided by mechanical separation of the two kinds of 
crystals, it is possible, however, to isolate the readily soluble isomeride, 
distinguished by B, in moderate quantities, As the separation of 
the two compounds contained in the intermediate fractions is almost, 
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if not quite, impossible, it cannot be stated with certainty that the 
two isomerides are formed in equal quantities ; but this appears to be 
the case, and no doubt is so. 

On analysing the two substituted amides by Carius’ method, the 
following results were obtained : 


A-Isomeride : 0°1546 gave 0°0795 AgCl. Cl=12°7. 
B-Isomeride : 0°1805 ,, 0°0932 AgClL Cl=12°7, 
0,H,*CHCl:CO*-NH°C,H, requires Cl = 124 per cent. 
A-Isomeride.—This compound crystallises from alcohol or acetic 
acid in large, flat, transparent and well-defined oblong plates, which are 
exceedingly brittle ; it is practically insoluble even in boiling water, and 
only sparingly soluble in ether, but it dissolves fairly readily in 
boiling alcohol, and freely in cold chloroform or acetic acid. It is very 
stable, and is not decomposed to an appreciable extent by boiling water 
or moderately concentrated hydrochloric acid, but is slowly hydrolysed 
by boiling diluted sulphuric acid, at the same time suffering secondary 
decomposition and giving rise to tarry products. 
B-Zsomeride.— W hen this compound is crystallised from alcohol, it is 
deposited in long, transparent prisms, aggregated in rosette-like 
masses, which are easily distinguished from the plates of the A-isom- 


eride ; in behaviour towards solvents it resembles the latter very closely, 
but is generally more readily soluble. It melts at 123—124°. 
Both isomerides, of course, are optically inactive. 


Partially Externally Compensated Hydrindamine Mamndelate. 


The examination of the salt formed from hydrindamine and active 
mandelic acid was undertaken principally with the object of ascertain- 
ing whether this compound would be separable into isomeric partially 
racemic salts analogous to the hydrindamine bromocamphorsulphon- 
ates; experiment showed that this was not so, nor is the salt resolv- 
able into isomerides representing compounds of the enantiomorphously 
related bases ; it must therefore be regarded as a partially externally 
compensated or racemic substance. ; 

The d-mandelic acid which was employed was prepared from the 
racemic acid by fractional crystallisation of its salt with cinchonine 
according to the directions of Rimbach (Ber., 1899, 32, 2385), and 
a determination of its specific rotation gave the following result: 


05 gram dissolved in water and the solution diluted to 25 c.c., gav® 
in a 200 mm. tube: ap =6°l’, whence [a]) = +150°5°. 
The hydrindamine salt, obtained by neutralising an alcoholic solution 


of this acid with the base, was first separated into a number of frac 
tions by gradually concentrating the solution, and these deposits were 
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then further crystallised systematically from ethyl alcohol ; during 
this process, there were no signs of any separation having occurred, 
and on comparing the properties of the first and last fractions no 
difference of any kind could be observed. 

The specific rotations of the two fractions were also identical within 
the limits of experimental error, as shown by the following deter- 
minations : 

First fraction: 0°5 gram dissolved in 99°8 per cent. ethyl alcohol, 
the solution diluted to 25 c.c. and examined in a 200 mm. tube, gave 
a= +2°6’, whence [a]p>= +52°5°. 

last fraction: O° gram; same conditions; ap= +2°4'; 
[ajp= +51°7°. 


Experiments, with water as solvent, other conditions remaining 
the same, gave the following results : 


First fraction: ap= +2°34'; [a]p>= +641°; [M],= +183° 
Last fraction : ap = + 2°29’ ; [a]>= + 62°5°; [M]>= + 178°. 


The molecular rotation of mandelic acid, calculated from the specific 
rotation of the acid, is [M],= + 228° and the difference between this 
value and that obtained in the case of the hydrindamine salt may be 
attributed to incomplete dissociation ; the practical identity of the 
specific rotations of the two fractions of the salt shows that no 
resolution of the base has occurred, and this is confirmed by the fact 
that the base liberated from the salt after fractional crystallisation 
has been carried out is optically inactive; this salt, therefore, is 
partially externally compensated. 


Melting Points of the Partially and Completely Externally Compensated 
Hydrindamine Mandelates. 


When the salt prepared from racemic mandelic acid is compared 
with that obtained from the d-acid by crystallising the two preparations 
separately from a given solvent and then examining the crystals under 
a microscope, there is no constant difference in behaviour except perhaps 
that the salt of the racemic acid forms rather more well-defined crystals 
than those of the isomeride ; the solubilities of the two salts in various 
solvents also appear to be very much the same. On heating, the two 
compounds melt almost simultaneously at 138—140°5°, both sintering 
very faintly at about 137°, and a finely divided mixture of the two 
shows the same behaviour ; various mixtures containing different 
Proportions of the two salts were examined, but they all behaved 
in the same way. 

As the melting points of the two salts are not very sharp, it is 
difficult to decide whether they are quite the same or not ; from the 
112 
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results of many observations, we are inclined to conclude that the melt. 
ing point of the inactive acid (140—141°5°) is about 1°5° higher and 
rather more definite than that of the active acid.* 

On mixing samples of the partially and completely externally com. 
pensated salts and then fractionally crystallising from alcohol, the several 
fractions all melt at the same temperature, namely, at 138—140:5°, 

Crystallisation of a Mixture of Partially and Completely Externally 
Compensated Hydrindamine .Mandelates.—The fact that the melting 
point of mixtures of these two salts in different proportions is 
close to that of both the components makes it impossible to tell, 
without optical examination, whether any separation occurs when 
such mixtures are fractionally crystallised ; considering the somewhat 
close relationship between the two compounds, it seemed interesting to 
ascertain whether such a separation could be accomplished. 

For this purpose, a mixture of 48°6 per cent. of the salt of the di- 


acid and 51:4 per cent. of that of the d-acid was prepared ; the specific By 
rotation of this mixture in a 2 per cent. solution in ethyl alcohol § 4! 
was found to be[a])= + 28°2°, whereas the value calculated from § P#! 
the observed specific rotation of the salt of the pure d-acid is § 
[a]p>= +26°8° under the same conditions. The mixture was then the 
dissolved in alcohol and by cooling the solution a considerable deposit pub 
was obtained ; this was separated, recrystallised from a mixture of bee 
ethyl alcohol and ethyl acetate, and then examined. 0°5 gram dis § * 
solved in ethyl alcohol and the solution diluted to 25 ¢.c. gave, in a (0 
200 mm. tube, ap= +1°6'; [a]p= +27°5°. tive 
This result indicated that no separation had occurred ; the deposit § PM” 
was therefore crystallised again twice from ethyl alcohol, until it had This 
been reduced to about 25 per cent. of the weight of the original alth 
mixture ; its specific rotation was then determined under the same condi- the 
tions as before, the result being ap= +1°5}', whence [a]p>= +273. B 
The mother liquors from the first deposit were also evaporated and lie 
successive crops of crystals separated until only about 8 per cent. of the to yu 
original mixture remained in the solution, which was finally evaporated phon 
almost to dryness. The specific rotation of the fraction finally obtained the a 
was found to be[a],= +30°2°, but as the sample was slightly brown ~ 
the experimental error might easily account for the observed difference ay dre 
between this and the pure specimen of the first deposit with which 16 im 
the more trustworthy result was obtained. It may be concluded, Pi 
* When rapidly precipitated from methyl alcoholic solution by the addition of were : 
ether and then placed on porous earthenware, the salt of the active acid melts tose. an 
great extent at about 130—132°; the salt of the inactive acid, prepared in a similar , 
manner, also shows distinct signs of melting at a lower temperature than usual. contai 
This behaviour does not seem to be due to the presence of solvent, as the salt of the Pheny’ 
inactive acid keeps its low melting point even after 12 hours exposure to the air. silicon 
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therefore, that no appreciable separation occurs when a mixture of the 
salts is submitted to fractional crystallisation. 


We desire to express our thanks to the Government Grant Com- 
mittee of the Royal Society for placing at our disposal a grant out 
of which part of the expense of this work has been met. 


UNIVERSITY COLLEGE, 
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XLVIL—Organic Derivatives of Silicon. Triphenylstlicol- 
and Alkyloxysilicon Chlorides. 


By F. Srantey Kiprine, Ph.D., D.Sc., F.R.S., and Lorenzo L. Luoyp. 


AumaouaH this research was commenced nearly three years ago (com- 
pare Proc., 1899, 15, 174), its principal object, namely, the preparation 
of an optically active silicon compound, has not been attained ; under 
these circumstances, it might perhaps have been better to postpone 
publication until more progress had been made, but as one of us has 
been obliged to abandon the investigation, we wish to place on record 
a brief account of the results obtained up to the present. 

Our first attempts were directed towards the preparation of deriva- 
tives of silicon tetraphenyl, a compound which is obtained with com- 
parative ease by the method described by Polis (Ber., 1885, 18, 1542). 
This substance, however, proved to be unsuitable for our purpose; 
although it can be nitrated without much difficulty (Polis, loc. cit.), 
the product did not crystallise, and appeared to be a mixture which 
was not easily resolvable into its components, Treatment of the 
silicon tetraphenyl with halogens under various conditions also failed 
to yield satisfactory results, and numerous attempts to prepare sul- 
phonic derivatives were equally unsuccessful, the principal products of 
the action of ordinary sulphonating agents being silica and benzene- 
sulphonic acid or diphenylsulphone; phosphorus pentachloride, 
hydrogen chloride, and other reagents were tried, but we found 
it impossible to isolate any suitable product even when reaction 
occurred. Attention was next directed to the bye-products which are 
formed in the preparation of silicon tetraphenyl, and from these we 
Were able to isolate small quantities of triphenylsilicol, (C,;H,),Si-OH, 
& compound which is formed from the triphenylsilicium chloride 
contained in the mother liquors from the silicon tetraphenyl. Tri- 
phenylsilico] was first obtained by Polis (Joc. cit.) by strongly heating 
silicon tetraphenyl with phosphorus pentachloride and treating the 
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product with dilute ammonia ; as it crystallises well and already con. 
tains two different groups andtis more readily soluble than the tetra- 
phenyl derivative, we tried to obtain it in larger quantities by altering 
the proportions of silicon tetrachloride, chlorobenzene, and sodium used 
in the preparation of silicon tetraphenyl ; the results, however, were not 
very satisfactory, and as we found that the silicol was of little use for 
our main object, we did not persevere with these experiments. 

In attempting to nitrate triphenylsilicol we found that this alcohol 
is converted into an ether with extraordinary readiness ; this change 
takes place when the alcohol is heated with a 10 per cent. solution of 
hydrogen chloride in acetic acid. The product, di-triphenylsilicyl 
ether, [(C,H,),Si],O, is a very stable compound although it is slowly 
hydrolysed by boiling alcoholic potash. 

Various substances other than triphenylsilicol were isolated from 
the bye-products obtained in the preparation of silicon tetraphenyl, 
but they were of little interest, except perhaps one compound which 
seems to be diphenylsilicium ketone, (C,H;),SiO ; this substance bears 
little, if any, resemblance to benzophenone, and is possibly a polymeride 
of high molecular weight. 

Fatty alkyl derivatives of silicon have hitherto been obtained only 
by heating silicon tetrachloride with the zinc alkyl compounds, a 
method which is inconvenient and troublesome. We therefore 
studied the application of Fittig’s reaction to the preparation of such 
compounds, and found that silicon tetraethyl could be prepared by this 
method with comparative facility, as a very fair yield is obtained when 
a mixture of silicon tetrachloride and ethyl bromide or iodide is digested 
with sodium in ethereal solution in presence of traces of ethyl 
acetate. 

Little has been done with this alkyl compound up to the present, as 
other experiments which offered a possibility of more immediate 
success have been in progress. 

Starting from silicon tetrachloride, we tried to prepare asymmetric 
derivatives directly by the successive displacement of the chlorine 
atoms by three different groups; these attempts were successful, and 
products, such as phenoxymethoxyethoxysilicon chloride, were obtained 
by the following series of interactions : 


SiCl,+PhOH = SiCl,-OPh + HCl 
SiCl,(OPh)+MeOH = SiCI,(OMe)-OPh + HCl 
SiCl,(OPh)(OMe)+EtOH = SiCl(OPh)(OMe)-OEt 


Although the final product of these reactions contains the desired 
asymmetric silicon atom, we were unable to resolve it into enantio 
morphously related components, owing to its sensitiveness towards 
moisture ; when treated with the dry silver salt of an optically active 
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acid in dry ethereal solution, interaction took place, apparently in the 
normal manner, but the product decomposed even when kept over 
sulphuric acid. Other experiments in which aniline and toluidine 
were employed in the place of phenol or the alcohols in the above 
reaction gave products which were equally unstable. We next tried 
treating the phenoxymethoxyethoxysilicon chloride with menthol, in 
the hope that by displacement of the chlorine by the menthyl radicle 
we might obtain a crystalline product which would be directly 
resolvable into the menthyl derivatives of two enantiomorphously 
related silicon compounds by fractional crystallisation; unfortunately, 
this product did not solidify even when cooled to — 40°, and it was also 
readily decomposed by water. 

For the estimation of the silicon in some of the compounds which 
were examined, we employed a new and very simple method, namely, 
treatment. with concentrated sulphuric acid followed by ignition ; 
this method gives very satisfactory results except in the case of 
volatile, stable compounds such as silicon tetraethyl. 


EXPERIMENTAL. 


Preparation of Silicon Tetraphenyl_—The preparation of silicon 


tetrachloride by Gattermann’s method, and the conversion of this 
substance into silicon tetraphenyl under the conditions laid down by 
Polis (loc. cit.), need not be described. We muy state, however, that 
when ether is used as solvent in the latter preparation the reaction takes 
place spontaneously, and usually so vigorously that the contents of 
the flask require cooling in ice water, so that the addition of ethyl 
acetate is unnecessary ; the interaction proceeds gently during about 
8 hours and is completed by heating on the water-bath for about 1 
hour, ‘I'he product is then separated by filtration, washed with 
alcohol and water consecutively, and dried. The yield is almost 
theoretical. 

The nitration of silicon tetraphenyl has been carried out by Polis 
(loc. cit.), and he describes the product as being amorphous ; following 
his directions, we also obtained a substance from which nothing 
crystalline, except traces of unchanged silicon tetraphenyl, could be 
isolated. On fractional precipitation from acetic acid by addition of 
water, we obtained it in colourless, flocculent, apparently amorphous 
particles, but successive fractions had not the same melting point, and 
on analysis gave nitrogen varying from about 12 to 15 per cent. 
Silicon tetranitrotetraphenyl requires 10°9 per cent. The crude pre- 
paration did not seem to afford a base when treated with any of the 
ordinary agents which reduce nitro-compounds, and when boiled with 
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caustic alkalis it seemed to be completely decomposed into silica and 
nitrobenzene. 

Nitric acid alone seems to have no action on silicon tetraphenyl at 
the ordinary temperature, and in presence of varying quantities of 
sulphuric acid either nitration is very incomplete or a product similar 
to that just described is obtained. 

A solution of hydrogen chloride in acetic acid slowly decomposes 
silicon tetraphenyl at 130—140°, giving benzene and traces of tri- 
phenylsilicol ; at higher temperatures, silica and benzene seem to be 
the only products. 

When silicon tetrapheny] is cautiously added to 30 per cent. anhydro- 
sulphuric acid, it slowly dissolves, giving a brownish, very viscous 
solution, which, when poured on to powdered ice, does not deposit 
silica ; after neutralising with barium carbonate, a solution is obtained 
which on evaporation deposits barium benzenesulphonate. 

Silicon tetraphenyl dissolves readily in well-cooled chlorosulphonic 
acid with evolution of hydrogen chloride; the product consists 
principally of a mixture of benzenesulphonic chloride and diphenyl- 
sulphone. 

When silicon tetraphenyl is dissolved in acetic anhydride and 
treated with anhydrosulphuric acid, it gives benzenesulphonic acid 
and soluble silicic acid; in order to prevent such a decomposi- 
tion, we tried to sulphonate with sulphur trioxide, the silicon 
tetraphenyl being mixed with dry sand in order to moderate the 
action. Under these conditions, we recovered a considerable quantity 
of silicon tetraphenyl, but the portion soluble in water again gave an 
acid which appeared to consist entirely of benzenesulphonic acid. 

Phosphorus pentachloride has no action on melted silicon tetra 
phenyl at 250°, and very little action when the two substances are 
heated together in a sealed tube at 250—260° for 12 hours, only 
small quantities of triphenylsilicyl chloride being formed; as most 
of the tubes burst at this temperature, the experiments were dis 
continued. 

Triphenylsilicol and its Derivatives. 

The ethereal filtrate from the mixture of silicon tetraphenyl, 
sodium chloride, and unchanged sodium, obtained in the preparation 
of the first-named compound, usually contains small quantities of 
chlorobenzene, diphenyl, and various other substances which are 
formed as bye-products ; on evaporating the ether, there remains an 
oily liquid from which the chlorobenzene can be separated by distil- 
lation under atmospheric pressure. The thick, oily residue, when 
distilled under 10 mm. pressure, gives first a fraction passing over 
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between 120° and 160° which consists iargely of diphenyl, and then 
very little distils until the temperature rises to about 210°; between 
this temperature and about 260°, a thick, almost colourless liquid 

over, and a non-volatile, pasty mass containing a large quantity 
of combined silicon remains in the distilling flask. 

The fraction collected between 210° and 260° seems to consist of a 
mixture of triphenylsilicyl chloride, triphenylsilicol, and silicon tetra- 
phenyl, and when, owing to absorption of moisture during manipu- 
lation of the bye-products, most of the first-named compound has been 
converted into the second, the latter separates in crystals often in 
such quantities that the distillate becomes nearly solid. This crystal- 
line product may be separated by filtration, washed with a mixture of 
light petroleum and ether, and then repeatedly crystallised, to free it 
from silicon tetraphenyl. As an alternative method, the whole of the 
fraction collected between 210° and 260° may be boiled for a short 
time with a little alcoholic soda to decompose the chloride, in which 
case the silicon tetraphenyl is separated by careful precipitation with 
water, and the crude triphenylsilicol, deposited slowly from the 
alcoholic filtrate, is purified by crystallisation from a mixture of ether 
and light petroleum. The compound obtained in this way melts at 
148° and has been briefly described by Polis (Joc. cit.), who prepared 
it by heating silicon tetraphenyl with phosphorus pentachloride and 
treating the resulting chloride with dilute ammonia ; as the melting — 
point of triphenylsilicol according to him is 139—141°, the nature of 
our preparation seemed doubtful until established by the following 
analyses : 


01618 gave 04665 CO, and 0°0859 H,O. C=78°6; H=5°9. 

021 8 ,, 0°0451 SiO,. Si=10°02. 

C,,H,,OSi requires C= 78°2; H=5-9 ; Si=10°14 per cent. 

Triphenylsilicol erystallises from a mixture of ether and light 
petroleum in well-defined, massive, transparent prisms and is readily 
9 in acetic acid, benzene, chloroform, carbon disulphide, ether, or 

cohol, 

As only very small quantities of triphenylsilicol were obtained from 
the bye-products resulting from the preparation of silicon tetraphenyl 
inthe manner described by Polis, many experiments were made in 
order to ascertain whether the yield of this alcohol could be increased 
by altering the proportions of silicon tetrachloride, chlorobenzene, and 
sodium ; it was found, however, that the reaction expressed by the 
equation, 

SiCl, + 30,H,Cl + 6Na = Si(C,H;),Cl + 6NaCl, 


cannot be brought about except to a very limited extent; working 
with these relative quantities, 15 grams of silicon tetrachloride give 
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only about 2 grams of the crude product boiling at 210—260° under 
10 mm. pressure, and even when smaller proportions of chlorobenzene 
and sodium are used, silicon tetrapheny] is always the principal product, 
a correspondingly larger amount of silicon tetrachloride remaining 
unchanged. 

Triphenylsilicol is insoluble in 30 per cent. anhydrosulphuric acid, 
but dissolves in ice-cold chlorosulphonic acid with evolution of hydro- 
gen chloride. The only products which were isolated from this solution 
were diphenylsulphone and benzenesulphonic acid, the latter in the 
form of its sodium salt. When triphenylsilicol is dissolved in chloro- 
form and then treated with chlorosulphonic acid, the results are 
similar, diphenylsulphone and benzenesulphonic chloride being ob- 
tained together with some unaltered triphenylsilicol. 

Triphenylsilicy! acetate, (C,H,;),Si0°CO-CH,.—Acetic anhydride, even 
in the presence of zinc chloride, has no action on triphenylsilicol, but 
the acetyl derivative can be obtained by boiling the alcohol with acetyl 
chloride until it has passed into solution. One gram of silicol requires 
boiling about 2 hours with 10 c¢.c. of acetyl chloride before the 
change is complete. The liquid is then evaporated, and the residue 
crystallised from light petroleum (b. p. 60—80°), in which it is readily 
soluble on boiling, and from which it is deposited in long, thick prisms 
melting at 91°5°. 


0°1623 gave 0:450 CO, and 0°0832 H,O. C=75°62; H=5°75. 
0°3210 ,, 0:0607 SiO,. Si=8-82. 
C,,H,,0,Si requires C=75°78 ; H=5°66 ; Si=8'8 per cent. 


Triphenylsilicyl acetate is readily soluble in benzene, chloroform, 
carbon disulphide, alcohol, or acetic acid, but only sparingly so in cold 
light petroleum ; it decomposes slowly on exposure to air and is rapidly 
hydrolysed by boiling dilute alcohol. 

Triphenylsilicyl chloride, Si(C,H,),Cl.—This compound is sometimes 
obtained directly from the mixture of bye-products already referred 
to (p. 452) after distilling off the chlorobenzene under atmospheric 
and then fractionating the residue under 10 mm. pressure; the 
fraction collected between 220° and 240° sometimes solidified to a mass of 
colourless crystals, which were readily soluble in light petroleum, and 
on evaporating this solution, triphenylsilicyl chloride was deposited in 
an almost pure condition. It may also be obtained, but with great 
difficulty, by heating silicon tetraphenyl with phosphorus pentachloride 
as described by Polis. 


0°3006 gave 0°1447 AgOL Ol=11°93, 
C,,H,,ClSi requires Cl = 12°06 per cent. 


Triphenylsilicy! chloride erystallises from light petroleum in trans 
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parent prisms, melts at 88—89°, and dissolves freely in most ordinary 
solvents ; it does not fume in the air, but is readily hydrolysed by 
dilute alcoholic potash. 


Di-triphenylsilicyl Ether, [Si(C,H,),],0. 


Triphenylsilicol dissolves in concentrated nitric acid, but only very 
slowly, giving a solution from which a nitro-compound is not precipi- 
tated on the addition of water. It dissolves more readily in a mixture 
of nitric acid (1 part) and sulphuric acid (3 parts), and on pouring the 
solution into water an oil which contains nitrogen and is soluble in 
potash is precipitated ; when, however, it is heated with nitric acid 
in acetic acid solution, it is converted into triphenylsilicyl ether. This 
compound is easily prepared by dissolving triphenylsilicol in acetic 
acid, heating to boiling, and then adding concentrated nitric acid drop 
by drop until the mixture becomes turbid; the solution, which 
gradually acquires a deep red colour, soon deposits crystals which are 
filtered off and recrystallised from acetic acid. 


0:2 gave 05947 OO, and 0:1002 H,O. C=81:1; H=5°56, 
02 , 0592000, , 00978 H,O. C=80°'78; H=5-43. 
02 , 0450 SiO, Si=10°5. 

C,,H,,OSi, requires C=80°9 ; H=5°6 ; Si= 10°48 per cent. 


Di-triphenylsilicyl ether crystallises in small, shining plates melt- 
ing at 222°. It is practically insoluble in methyl alcohol and cold 
acetic acid, and only very sparingly soluble in ethyl alcohol, but it 
dissolves more readily in acetic anhydride and is very soluble in ether 
or benzene. It gradually goes into solution in boiling alcoholic potash, 
passing into triphenylsilicol. 

Triphenylsilicyl ether can also be obtained by boiling a solution of 
triphenylsilicol in a mixture of acetic acid and 10 per cent. hydro- 
chloric acid for about 8 hours, and then crystallising the deposit 
from acetic acid ; also by boiling for a considerable time a solution of 
triphenylsilicol in methyl alcohol and concentrated hydrochloric acid. 


Diphenyl Silicone, SiPh,O. 


The residue left after distilling off the triphenylsilicol (p. 453) 
from the crude bye-product, does not volatilise at 280° under 10 mm, 
Pressure, and solidifies on cooling to a pale yellow, vitreous mass ; 
when boiled with alcoholic potash, traces of triphenylsilicol and some 
silicon compound which is precipitated again on the addition of hydro- 
chloric acid are dissolved, and there remains a considerable quantity 
of a neutral substance. The latter, after having been dried, is ex- 
tracted with carbon disulphide, and light petroleum (b. p. 40—60°) 
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added to the extract ; this precipitates a sticky mass, which is purified 
by dissolving it in ether and precipitating with alcohol. 

The substance thus obtained melts, not sharply, at about 109° and 
from the following analysis it would seem to be dipheny] silicone, but 
we were unable to obtain it in a crystalline condition, so that its 
nature is not definitely established. 

0°2082 gave 0°5526 CO, and 0°0982 H,O. C=72°38 ; H=5-24., 

0°2 » 0°0616 SiO, Si=14°38 per cent. 

C,,H, ,OSi requires Si= 14°64; C=72°72; H=5-05 per cent. 

This compound is practically insoluble in acetic acid, alcohol, or 
light petroleum, but readily soluble in ether, chloroform, benzene, or 
carbon disulphide, 


Preparation of Silicon Tetraethyl, Si(C,H;,),. 


The preparation of silicon tetraethyl by the interaction of zinc 
ethyl and silicon tetrachloride being a very troublesome and expensive 
process, we made experiments to find out whether this compound could 
be obtained by the application of Fittig’s reaction. For this purpose, 
silicon tetrachloride (10 grams) and ethy] bromide (26 grams) were 


dissolved together and added to sodium wire (12 grams) in dry ether ; 
as no reaction occurred after heating on the water-bath for some time, 
a little ethyl acetate was added, whereupon change set in and pro- 
ceeded very gently, sodium bromide separating ; after digesting for 
two days, the solution was filtered, the ethereal filtrate and washings 
evaporated, and the residual liquid fractionated. It began to boil at 
about 100°, and the thermometer rose fairly quickly to 140°, but 
between 140° and 160° a considerable quantity passed over ; only a 
small portion distilled between 160° and 170°. The fraction collected 
between 140° and 160° (about 5 grams) was dissolved in a little ether, 
washed with dilute sodium carbonate to remove acid, dried, and redis- 
tilled, the portion boiling at 154—155° being collected separately. 
This fraction (about 3 grams) consisted of silicon tetraethyl practically 
free from impurity, as shown by the following analysis : 


02005 gave 0°4878 CO, and 0:2527 H,O. C=66:31; H=14°00. 
C,H,,Si requires C = 66°66 ; H = 13°88 per cent. 


The silicon could not be easily estimated by heating with sulphuric 
acid, as in the case of the other silicon compounds, which were 
analysed in this way ; different determinations were made, but the 
results were not concordant, being 18°01 and 17°45 per cent. of silicon 
respectively, the calculated amount being 19°44 per cent. 

The lack of agreement between these two results, and the low per 
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centage of silicon actually found, may be ascribed to volatilisation of 
the silicon tetraethyl. 

The effect of substituting ethyl iodide for bromide in the method of 
preparation just described is not advantageous; quantities corre- 
sponding with the above were mixed with dry ether and then heated 
on the water-bath, but action took place very slowly, and the solution 
turned dark brown; after heating for 3 days, the product was 
isolated as before, but from 20 grams of silicon tetrachloride we only 
obtained about 5 grams of silicon tetraethyl boiling at 154—155° ; 
the purity of this preparation is shown by the following analysis: 


0:2136 gave 0°5208 CO, and 0°:2684 H,O. C=6648; H=13-98. 
C,H,,Si requires C = 66°66 ; H = 13°88 per cent. 


Phenoxymethoxysilicon Dichloride, SiC|,(OMe)*OPh.—This compound 
was obtained by adding a solution of phenol (1 mol.) in ether drop by 
drop to an ethereal solution of silicon tetrachloride (1 mol.), and then 
slowly running in an ethereal solution of methyl alcohol (1 mol.) ; 
after evaporating the ether, the product was fractionated under atmo- 
spheric pressure, and the portion passing over between 210° and 220° 
collected separately ; this formed the principal portion of the crude 
product, and after further fractionation it gave a colourless, mobile 
liquid boiling at 216° under 752 mm. pressure. On analysis, the fol- 
lowing result was obtained : 


0°2201 gave 0°2864 AgCl. Cl=32°18. 
C,H,0,C1,Si requires Cl = 31°8 per cent. 


Phenoxymethoxysilicon dichloride boils under the ordinary pressure 
without appreciable decomposition ; it is very readily decomposed by 
water, giving silica, hydrochloric acid, phenol, and methyl alcohol. 

Phenoxymethoxyethoxysilicon chloride, SiCl(OMe)(OEt)-OPh.—This 
compound is easily prepared by slowly adding an ethereal solution of 
ethyl aleohol to an ethereal solution of the preceding compound ; after 
evaporating the ether and repeatedly fractionating the product under 
atmospheric pressure, it is obtained as a colourless, oily liquid boiling 
at 241°, 


03201 gave 0°1896 AgCl. Cl=15°34. 
C,H,,0,CISi requires Cl= 15°29 per cent. 


This substance is decomposed by water with separation of silica, but 
not with very great rapidity ; although it seemed relatively stable in 
presence of moisture, attempts to displace the chlorine atom by an acid 
radicle were unsuccessful. When digested with dry silver bromocam: 
phorsulphonate in ethereal solution, silver chloride separated, and the 
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ethereal solution, on evaporation in a desiccator, gave an oil which, 
however, seemed to be almost immediately resolved into bromocamphor- 
sulphonic acid, phenol, and other products. 

Methoxyethoxysilicon Dichloride, SiCl,(OMe)*OEt.—As it seemed 
possible that a more stable substance could be obtained by substituting 
a fatty alkyl group for phenol in the preceding substance, we treated 
silicon tetrachloride first with methyl alcohol (1 mol.), and then with 
ethyl alcohol (1 mol.), in ethereal solution ; the product, after repeated 
fractional distillation, afforded a colourless liquid boiling at 128° 
under the ordinary pressure. On analysis, the following result 
was obtained: 


0°1625 gave 0:2679 AgCl. Cl=40-°78. 
C,H,0,Cl,Si requires Cl= 40°57 per cent. 


Methoxyethoxyisobutyloxysilicon chloride, 8iCl(OMe)(OEt)-OBu?.—On 
treating the preceding compound with ¢sobutyl alcohol under the con- 
ditions previously described, interaction took place readily, and the 
principal product, isolated by fractional distillation, boiled at 159—160° 
under atmospheric pressure. 


0°3724 gave 0°2475 AgCl. Cl=16°42. 
C,H,,0,CISi requires Cl= 16-7 per cent. 


Methoxyethoxyisobutyloxysilicon chloride is a colourless, fairly 
mobile oil, but it seems to be just as readily decomposed by water 
as the phenoxy-derivative; it interacts ‘with amino-compounds 
in ethereal solution, but the products are also unstable towards 
water. 

Phenoxyethoxymethoxyanilinosilicon, Si(OMe)(OEt)(OPh)*-NHPh.— 
In order to ascertain whether a stable anilino-derivative could be ob 
tained from the phenoxyethoxymethoxysilicon chloride, a considerable 
quantity of the latter was gradually treated with aniline (2 mols.) in 
ethereal solution ; the aniline hydrochloride which was free from silica 
was then separated by filtration, and the ethereal solution evaporated. 
The residue, a thick oil, crystallised in colourless needles when cooled 
with a mixture of carbon dioxide and ether, but as it melted again at 
a very low temperature, and was readily decomposed by water with 
separation of silica, it was not examined further. 

Phenoxyethouymethoxnymenthoxysilicon, Si(OMe)(OEt)(OPh)-0C,,H,», 
was prepared by treating the phenoxymethoxyethoxysilicon chloride 
described above with menthol (1 mol.) in ethereal solution, and was 
obtained as a thick, colourless oil which did not solidify when cooled 
with ether and carbon dioxide ; it was readily decomposed by water, 
giving silica, menthol, phenol, and the alcohols. 
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XLVIIL—The Bacterial Oxidation of Formates 
by Nitrates. 


By Watter Caartes Cross Paxes and Water Henry JOLLYMAN. 


In previous papers (this vol., pp. 322, 386), we have described the 
action of certain bacteria on sodium formate, and shown that the 
formic acid is decomposed into equal volumes of carbon dioxide and 
hydrogen ; we have also shown that at least one bacterium has the 
power of liberating free oxygen from nitrates. 

It was suggested to us by Mr. Pope that if our facts were correct a 
bacterium which attacked both formate and nitrate would probably 
produce no hydrogen from the formate, as this substance would be 
oxidised by the oxygen from the nitrate, when the organism was 
grown in presence of both salts. This has proved to be the case. 

In order to test this theory, our first experiment was made 
with the Bacillus coli communis because this organism decomposes 
formate and powerfully reduces nitrate. Some meat extract to which 
was added 1 per cent. of peptone and 0°5 per cent. of common 
salt was carefully neutralised and to it was added exactly 1 per 
cent. of sodium formate. The medium was then divided into two 
portions and to one of these exactly 1 per cent. of potassium nitrate 
was added. After filtration, these portions were filled into flasks, 
sterilised, inoculated with the B. coli communis, and connected 
under anaerobic conditions to the gas receiver already described (this 
vol., p. 323). The results were as follows: 

The flask containing only the formate yielded in five days 354:4 cc, 
of gas (72°3 c.c, per 100 c.c. of medium) consisting of 125 per cent. 
of carbon dioxide and 87:5 per cent. of hydrogen. 

The flask containing both formate and nitrate yielded no gas at all 
at the end of seven days. The medium was strongly alkaline, 100 c.c. 
requiring 105 ¢.c. of W/10 sulphuric acid to bring the reaction back to 
that of the medium before the growth had taken place. 

In these experiments, the gas was withdrawn from the receiver at 
the end of the first, fourth, and fifth days; further experiments 
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the gas until after the lapse of seven days, gave similar results, 

The flask containing only formate yielded 49-2 c.c. of gas per 100 «.¢, 
of medium consisting of 11+2 per cent. of carbon dioxide and 88:8 per 
cent. of hydrogen. 

The flask containing both formate and nitrate yielded no gas, 

Experiments upon similar lines were then conducted with the B. 
enteritidis of Girtner instead of with the B. coli communis. Three 
flasks were taken, one containing only formate and two containing 
both formate and nitrate. The results were as follows : 

The flask containing only formate yielded in six days 114°8 a, of 
gas per 100 c.c. of medium, consisting of 19°7 per cent. of carbon 
dioxide and 80°3 per cent. of hydrogen. 

From neither of the flasks containing both formate and nitrate was 
there any trace of gas produced in six days. 

The oxidation effected may be expressed by the equation : 


H-CO,Na + NaNO, = NaHOO, + NaNO, 


The presence of sodium hydrogen carbonate in all the media was 
proved by the fact that carbon dioxide was liberated on adding sul- 
phuric acid; the absence of normal carbonate was shown by the 
acidity of the medium to phenolphthalein ; abundant evidence of nitrite 
was also obtained. 

In the above experiments, the nitrate is in excess as regards the 
formate, so that sufficient oxygen is liberated from the nitrate by its 
conversion into nitrite to convert the sodium formate into sodium 
hydrogen carbonate. When, however, the formate is in considerable 
excess as compared with the nitrate, gas is produced which on analysis 
is found to contain carbon dioxide and nitrogen. We have not yet 
performed a sufficient number of experiments to enable us to arrive at 
a conclusion as to the manner in which the decomposition is effected, 
but we hope to show this in a later paper. 

If instead of formate we use d-glucose, the hydrogen evolved from 
the d-glucose is oxidised by the nitrate, and, as with formate, the gas 
evolved is found to consist of carbon dioxide and nitrogen (if the 
nitrate is in excess) and of carbon dioxide, nitrogen, and hydrogen if 
the d-glucose is in excess. 

The following experiments illustrate this fact : 

Meat extract to which 2 per cent. of d-glucose, 0°5 per cent. of 
sodium formate, 0°5 per cent. of common salt, and 1 per cent. of 
peptone were added, was neutralised with W-sodium hydroxide, filtered, 
and divided into two portions. The first portion was placed in a flask, 
sterilised, inoculated with the B. coli communis, and connected to the 
gas receiver. To the second portion 1 per cent. of potassium nitrate 


differing from them only in the fact that no analysis was made of 
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was added, after which it was treated in exactly the same manner as 
the first portion. 

The d-glucose-formate medium in six days yielded, per 100 c.c. of 
medium, 286°5 c.c. of gas, which contained 44°6 per cent. of carbon 
dioxide and 56°4 per cent. of hydrogem 

The d-glucose-formate-nitrate medium yielded 76°6 c.c. of gas per 
100 cc. of medium, and this was found to contain 67:2 per cent. of 
carbon dioxide, traces of hydrogen, and (by difference) 32°8 per cent. 
of nitrogen. 

When either the B. enteritidis of Girtner or the Pnewmobacillus of 
Friedlander was substituted for the B. coli communis, the result was 
the same, carbon dioxide and hydrogen were evolved from d-glucose- 
formate medium, and carbon dioxide and nitrogen from d-glucose- 
formate-nitrate medium. 

These three bacteria, as has been stated, decompose both formate 
and nitrate ; we decided therefore to ascertain, if possible, the result 
of growing a bacterium which only attacks one of these in a medium 
containing both. One bacterium, the B. pyocyaneus, decomposes 
nitrate but not formate, and when this organism is grown upon 
formate-nitrate medium the gas evolved consists of carbon dioxide and 
nitrogen, the only difference found between the action on this medium 
and on the nitrate medium being that in this case less carbon dioxide 
is evolved than from nitrate alonef 

We have as yet been unable to find a bacterium which decomposes 
formate without reducing nitrate, and further experiments are being 
made with this object. 


XLIX—The Action of Acetylchloro- and Acetylbromo- 
amunobenzenes on Amines and Phenylhydrazine. 


By F. D. Cuarraway and K. J. P. Orton. 


Tax action of chloro- and bromo-amino-derivatives on other com- 
pounds has been but little investigated, chiefly owing to the fact that 
these substances either have been prepared with difficulty, or do not 
easily lend themselves to manipulation. Some of the acetylchloro- and 
acetylbromo-aminobenzenes recently described by us are, however, 
extremely easily obtained in a pure and dry state, and can be used 
for studying the reactions of this group with other classes of 
compounds, 

In this paper we propose to consider the action of these substituted 
‘minobenzenes on amines and phenylhydrazine. 
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The earliest experiments of this nature were those of Hofmann 
(Ber., 1882, 15, 407), who found that s-tribromoaniline was formed 
in the action of acetbromoamide on aniline. 

Bender later (Ber., 1886, 19, 2272) obtained 2 chloro-p-nitroaniling 
by the action of acetylchloroaminobenzene on p-nitroaniline, whilst 
Hentschell (Ber., 1897, 30, 2643) recently tried the action of nitrogen 
chloride (NCI,) dissolved in benzene on aniline and on monomethyl. 
aniline, from both of which s-trichloro-derivatives were obtained. A 
small quantity of the aniline was converted into azobenzene. 

All amines react readily with the acetylchloro- and acetylbromo- 
aminobenzenes. The course of the reaction can generally be followed 
best by using solutions of the dry reagents in anhydrous solvents 
such as chloroform or benzene. Other solvents, such, for example, as 
alcohol, acetic acid, or ether, may be used and do not affect the 
general course of the reaction, but as they cannot be obtained so 
readily in an anhydrous condition, the reaction does not proceed so 
cleanly, and the products are not easily purified. 

Throughout these experiments we have employed the nitrogen 
chloride and bromide derived: from 2 : 4-dichloroacetanilide, both of 
which are prepared in quantity without any difficulty. Further, 
2:4-dichloroacetanilide, which is always regenerated in the reaction, is 
only slightly soluble in cold chloroform, whilst the other product or 
products are very soluble. , 

The first reaction of an amine with a nitrogen chloride or bromide 
is represented by the equation (where X =Cl or Br) : 


Ph:NXAc+R:‘NH,=R°-NHX + Ph-NHAc, 


In the case of the aliphatic amines, the chloroamines can be isolated. 
The bromoamines, however, decompose so readily that we have not 
been able to isolate them. 

With all anilines, further reactions follow. Either the halogen 
wanders into the nucleus and takes up ortho- and para-positions 
relatively to the NH, group, or azobenzenes are formed with 
elimination of hydrogen chloride or hydrogen bromide. The latter 
reaction only plays a subordinate part, except when positions 2, 4, 
and 6 in the nucleus are occupied, and wandering of the halogen 
cannot therefore take place, 

When 1 mol. of a nitrogen chloride or bromide interacts with 
1 mol. of an aniline, it is found that the monohalogen derivative is 
almost exclusively formed. Thus aniline yields only o- and pmone 
chloroanilines and no 2:4-dichloroaniline, whilst p-chloroaniline yields 
only 2:4-dichloroaniline and no 2:4; 6-trichloroaniline. When 
more than one aniline is present, the nitrogen halogen derivative 
always reacts preferentially with the least substituted base. In one 
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experiment, 1 mol. of the nitrogen chloride, dissolved in chloroform, 
was added to a chloroform solution containing 1 mol. of p-chloro- 
aniline, and 1 mol. of 2:4-dichloroaniline, Only a trace of 8-tri- 
chloroaniline was recognisable in the product, while no unchanged 
pehloroaniline was discovered. 

As weighed quantities of the pure substituted nitrogen chlorides 
can be used, this reaction affords a very simple means of introducing 
one atomic proportion of chlorine into an aniline. The yields-are 
nearly quantitative and the products readily isolated in a pure state. 
It provides also a convenient method of chlorinating anilines already 
substituted in both the 2- and 4-positions. As is well known, the . 
chloritiation of anilides only leads to the entrance of chlorine into the 
para- and one ortho=position. Although, with anilines, chlorine itself 
can effect substitution in both ortho-positions, in many cases much 
oxidation of the aniline takes place, and the yield is consequently 
small, 

With aniline and monomethylaniline, both the o- and p-mono- 
chloro-derivatives are formed. About equal proportions of each are 
obtained in the case of the former, a result which is noteworthy, as 
our previous observations have shown that in the transformation of 
acetylchloroaminobenzene, p-chloroacetanilide is the chief product, 
only some 5 per cent. of o-chloroacetanilide being produced (Trans., 
1900, '7'7, 797).* 

On the other hand, p-bromoaniline appears to be exclusively formed 
when aniline interacts with a nitrogen bromide. 

Metasubstituted anilines also yield o- and p-chloro-derivatives, 
whilst from ortho-substituted anilines only 2 : 4-di-derivatives are 
produced, 

The formation of azobenzenes from the first formed halogen-amino- 
compounds may be represented by the following equation : 


2Ph-NHX = Ph'N:N-Ph + 2HX. 


The formation of azo-derivatives takes place best, at least in un- 
substituted bases (for example, aniline and o- and p-toluidine), when 
excess of the base is used, as the acid then appears as a hydro- 
chloride (or hydrobromide). Thus, in one experiment with aniline, 


* In this connection may be mentioned the experiments of Loeb (Ber., 1896, 29, 
1895) on the electrolysis of a hydrochloric acid solution of nitrobenzene. He found 
that o-chloroaniline was formed in large proportion together with the p-chloro- 
derivative, 

. Again it has been observed that the nature of the acyl group replacing the aminic 

ydrogen of aniline affects the proportion of the o- and p-derivatives formed on 
nitration, Thus Lellmann (Annalen, 1883, 221, 6). found that benzanilide yielded 
mote o-nitro-derivative than did acetanilide. 
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75 per cent. of the amine was converted into o- and p-chloroanilines, 
whilst as much as 25 per cent. appeared as azobenzene.* 

With nitrogen bromides, on the other hand, these anilines yield 
very little azo-compound. 

Anilines which are substituted in positions 2, 4, and 6, such as 
s-trichloroaniline and s-tribromoaniline, yield chloro- and bromo-amino- 
derivatives, which cannot undergo transformation, and especially 
readily form azo-compounds. The bromoamino-derivatives undergo 
this decomposition more readily than the chloroamino-derivatives, 


Action of Acetylchloroamino- and Acetylbromoamino-2 : 4-dichlorobenzene 
on Amines. 


Dibenzylamine.—Acety|lchloroamino-2 :4-dichlorobenzene (1 mol.), 
dissolved in a little dry chloroform, was added to dibenzylamine (1 mol.) 
dissolved in the same solvent. Little heat was developed. The 
dichloroacetanilide which separates was filtered off and the chloro- 
form evaporated. The residue crystallised from petroleum (b. p. 
50—80°) in large rhombs melting at 56°, and proved to be the 
dibenzylchloroamine, (C,H,*CH,),NCl, described by Berg (Bull. Soc. 
Chim., 1893, [ii], 26, 189). 


0°2506 liberated I= 21°35 c.c. W/10 iodine. Clas -NC1=15:1l. 
C,,H,,NCI requires Cl as -NCl= 15-33 per cent. 


When acetylbromoamino-2 : 4-dichlorobenzene was employed, 4 
similar reaction took place, but the dibenzylbromoamine formed was 
so unstable that it could not be isolated. 

Other primary and secondary aliphatic amines gave similar results. 
For example, when an ethereal solution of the nitrogen chloride was 
added to an aqueous solution of methyl- or ethyl-amine, dichloroacet- 
anilide immediately separated. On evaporating the ether, methyl- or 
ethyl-chloroamine was left as an oil, which was exceedingly irritating 
to the eyes, and set free iodine from potassium iodide. 

Aniline.—A solution of the nitrogen chloride (12 grams or 1 mol.) 
in chloroform was gradually added to a cooled chloroform solution of 


* It is very probable that the preparation uf azobenzene and azotoluene by the 
action of dry bleaching powder on the respective bases in the presence of chloroform 
depends on the formation of the chloroamino-derivatives. Schmitt (J. pr. Chem, 
1878, 18, 195; 1879, 19, 314) found that the azobenzene produced represented one-third 
of the aniline. He does not account for the remaining two-thirds of the base, and 
does not seem to have anticipated the formation of chloroaniliaes. In the presence 
of water, no azo-compounds are formed, a fact which points to the action not being 
one of direct oxidation. 
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aniline (23 grams or 5 mols.). The reaction was accompanied by 
development of heat, and the solution became highly coloured. A 
mixture of dichloroacetanilide and aniline hydrochloride separated ; 
the latter weighed 1°76 grams. 

The chloroform mother liquor was partially evaporated, and petrol- 
eum added to precipitate the remainder of the anilide. The anilines 
were now extracted with hydrochloric acid. After evaporating the 
solvents, a residue of azobenzene remained, 1°14 grams being obtained 
instead of 1:23 grams which theoretically corresponds with the quan- 
tity (1:76 grams) of aniline hydrochloride. 

In another experiment, in which 4 mols. of the nitrogen chloride to 
5 mols, of aniline were used, the anilines were separated by fractionally 
distilling in steam from sulphuric acid. o- and p-Chloroanilines were 
obtained in nearly equal amounts. 

Monomethylaniline.—The chloroamine and methylaniline dissolved 
in chloroform were mixed in molecular proportion. Much colour was 
developed in the reaction. The anilines were separated as in the pre- 
vious experiment. The final fraction was acetylated and proved to be 

Acetyl-4-chloromethylaniline.—It crystallised from petroleum in 
pearly, white plates melting at 92°. 


01935 gave 0-151 AgCl. Cl=19°3. 
C,H,,ONCI requires Cl = 19°31 per cent. 


On hydrolysis, p-chloromethylaniline boiling at 240° was obtained. 
The latter. was also prepared for comparison by heating methyl iodide 
with p-chloroaniline at 100° in a sealed tube and isolated in the usual 
manner through its nitroso-derivative. 

0-Chloromethylaniline was contained ia the first fraction from the 
distillation with steam. It was purified by distillation under reduced 
pressure, and boils at 95—96° under 12 mm., and at 218° under 760 
mm. pressure. For comparison, this compound was synthesised from 
ochloroaniline and methyl iodide. 


0:2726 gave 0°2782 AgOl. Cl=25-23. 
C,H,NCl requires Cl = 25:04 per cent. 


The quantity of p-chloromethylaniline formed in the reaction of a 
utrogen chloride on methylaniline largely exceeds that of the o-chloro- 
derivative. 

o-,m-,and p-Zoluidines—With each of these bases, considerable 
quantities of the corresponding azotoluene were formed. Thirty to 
forty per cent. of p-toluidine appeared as azo-compound. In addition, 
toluidine yielded 5-chloro-o-toluidine (melting at 30°); m-toluidine, 
§-chloro-m-toluidine (melting at 83°); and p-toluidine, 3-chloro-p- 
toluidine, the acetyl derivative of which melted at 118°, 


466 CHATTAWAY AND ORTON: ACTION OF ACETYLCHLORO- AND 


Ortho-substituted Anilines.—o-Chloroaniline is almost entirely con- 
verted into 2:4-dichloroaniline, very little azo-compound being 
formed. 

o-Nitroaniline yielded the 2-nitro-4-chloroaniline of Kérner (Jahresb., 
1875, 351). It melted at 116—117°, and gave an acetyl derivative 
melting at 102°, which we have also obtained by the nitration of 
p-chloroacetanilide (Chattaway and Orton, Ber., 1900, 33, 3062). 

Meta-substituted Anilines.—-m-Bromoaniline yields a mixture of 
two chlorobromoanilines, which were separated by distilling in a cur. 
rent of steam from sulphuric acid. The larger portion, which distilled 
over first, was 2-chloro-5-bromoaniline melting at 45° (Clarke, Amer, 
Chem. J., 1892, 14, 561). Its acetyl derivative was sparingly soluble 
in 50 per cent. acetic acid, from which it separated in needles melting 
at 141°, 


0:0977 gave 0°1317 AgCl+ AgBr and 0:0457 Cl+Br. Cl=14‘68; 
Br = 32:09. 
O,H,ONCIBr requires Cl = 14-26 ; Br= 32:17 per cent. 


The smaller portion, which distilled over after complete neutralisa- 
tion of the acid, was 3-bromo-4-chloroaniline melting at 78° (Wheeler 
and Valentine, Amer. Chem. J., 1895, 1'7, 697). Its acetyl derivative 
melts at 130°, and crystallises in rhombs fairly soluble in 50 per cent, 
acetic acid. 


0°2649 gave 0°3558 AgCl+ AgBr and 0°1238 Cl+Br. Cl=1439; 
Br = 32:35. 
C,H,ONCIBr requires Cl= 14:26 ; Br=32°17 per cent. 


m-Nitroaniline.—3-Nitro-4-chloroaniline is the'chief product, although 
other chloronitroanilines are formed, After evaporation of the chloro- 
form, the residue was recrystallised from petroleum and then acetylated. 
The anilide was repeatedly crystallised from dilute alcohol, and then 
melted at 145°. This anilide has been prepared by us from 3-nitro- 
4-chloroaniline, obtained by nitration of p-chloroaniline (Chattaway 
and Orton, Joc. cit.). 

m-Chloroaniline, when treated with acetylbromoamino-2 : 4-dichloro- 
benzene, yielded 3-chloro-4-bromoaniline, melting at 67—68° (Wheeler 
and Valentine, Joc. cit.). 

Para-substituted Anilines.—p-Chloro-, p-bromo-, and p-nitro-anilinesall 
readily yield monochloro-derivatives, in which chlorine is in the ortho- 
position relatively to the amino-group ;\ azo-compounds are: formed 
only in small quantities. 

2:4-Disubstituted Anilines,—These anilines react with chloro- and 
bromo-amino-compounds, with a smaller evolution of heat than do less 
substituted anilines, and the formation of azo-derivatives takes place only 
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toaslight extent. 2:4-Dichloroaniline yields 2 : 4 : 6-trichloroaniline ; 
9:4dibromoaniline, 2 : 4-dibromo-6-chloroaniline ; and 2-chloro-p-nitro- 
aniline, 2 : 6-dichloro-p-nitroaniline. 

sTrisubstituted Anilines.—On mixing solutions of these anilines in 
chloroform with solutions of acetylchloro- or acetylbromo-amino-2 : 4- 
dichlorobenzene, crystals of dichloroacetanilide begin immediately to 
separate. No heat is developed in the reaction. The chloroamino- 
derivative of s-trichloroaniline can be obtained in an impure state, as a 
faintly coloured oil, on evaporation of the solvent, It soon becomes 
deep-red from decomposition into the azo-compound, a change which 
also takes place in the solution after a short time. The bromoamino- 
derivative decomposes still more readily. 

2:4:6:2':4' : 6’-Hexachloroazobenzene, hitherto unknown,can thus be 
readily prepared from 8-trichloroaniline. Chloroform solutions of acetyl- 
bromoamino-2 : 4-dichlorobenzene and trichloroaniline are mixed ; after 
separation of the anilide, the filtered solution is evaporated, and the 
residue recrystallised from a mixture of alcohol and chloroform. The 
az-compound separates in fine, dark red needles melting at 188°, 
insoluble in alcohol, but very soluble in chloroform or benzene. _ 


0147 gave 0°326 AgCl. Cl=54°83. 
C,,H,N,Cl, requires Cl=54°7 per cent. 
It is reduced by tin and hydrochloric acid to trichloroaniline. 
Tribromoaniline, on similar treatment, gave hexabromoazobenzene 
nelting at 213° (Pechmann and Nold, Ber., 1898, 31, 564). 


The Action of Nitrogen Halogen Compounds on Phenylhydrazine, 


All chloro-, bromo-, and iodo-amines interact very readily with 
phenylhydrazine. Two reactions take place, according as the nitrogen 
halogen compound or the hydrazine is in excess. Thus when phenyl- 
hydrazineis added to an excess of acetylchloroamino-2 :4-dichlorobenzene, 
nitrogen, chlorine, chlorobenzene, and the regenerated anilide are 
formed. The final result is represented by the equation : 


0,H,NH:-NH, + 30,H,Cl,-NClAc = C,H,Cl + N, + Cl, + 

30,H,Cl,-NHAc. 

In this reaction, much heat is developed. When excess of the hydr- 
azine is present, the final result of the reaction (which is not accom- 
panied by much development of heat) is represented thus : 
40,H,,NH-NH, + 20,H,Cl,,NClAc = O©,H;N, + C,H,-NH, + 

20,H,Cl,,NHAc + 20,H,-NH-NH,,HCL. 


A hydrazino-halogen compound is probably the first product, 
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which then decomposes into azimidobenzene, aniline, and hydrogen 
chloride.* 


20,H,,NH*NHCl] = O,H,;N, + ©,H,-NH, + 2HOl. 
Nitrogen iodide reacts with phenylhydrazine in a similar manner 


and asin this case it is impossible to exclude water, the presence of 
the latter does not modify the course of the reaction. 

(1) Action of acetylchloroamino-2 : 4-dichlorobenzene on excess of 
phenylhydrazine. 

A solution of the nitrogen chloride dissolved in chloroform was 
slowly run into chloroform containing a large excess of phenyl- 
hydrazine. The hydrochloride of the base immediately separated 
together with the anilide. After filtration, the mother liquor was 
repeatedly extracted with dilute hydrochloric acid, and then evaporated. 
The oil which remained was purified by distillation in steam. It was 
insoluble in hydrochloric acid, and contained no halogen. On treating 
a solution in chloroform with excess of bromine, fine needles of 2:4:6- 
tribromoaniline hydrobromide separated. The liquid is therefore 
azimidobenzene. 

The hydrochloric acid extracts were evaporated to a small bulk, and 
after filtering off the phenylhydrazine hydrochloride, the mother 
liquor was made alkaline and distilled in steam. The oil which dis- 
tilled over proved to be aniline, and. yielded acetanilide on treatment 
with acetic anhydride. 

In one experiment, in which 16 grams of acetylchloroamino-2 :4 
dichlorobenzene were used, 13°11 grams of 2 : 4-dichloroacetanilide, 
2°24 grams of hydrogen chloride, 3°12 grams of aniline, and 2 grams 
of azimidobenzene were obtained, whilst 13°69, 2°34, 2°75, and 402 
grams respectively are required by the equation. The low yield of 
the azimidobenzene is undoubtedly due to some loss in the evapora- 
tion of the large quantity of chloroform. 

(2) Action of phenylhydrazine on excess of acetylchloroamino- 
2 : 4-dichlorobenzene. 

The solution of phenylhydrazine in chloroform was slowly added 
to the solution of the nitrogen chloride. Heat was developed, and 
much gas given off. After removal of the anilide by filtration, and 
evaporation of the chloroform, the residual oil was distilled in steam. 
It proved to be chlorobenzene, boiling at 132°. 


* Fischer (Annalen, 1877, 190, 67) found that iodine has two reactions with 
phenylhydrazine, according as one or the other substance is in excess. With the 
halogen n excess. iodobenzene, nitrogen and hydriodic acid are produced, and with 
hydrazine in excess azimidobenzene, aniline, and phenylhydrazine hydriodide. As 
we find that these reactions can take place equally well in the absence of water, itis 
very probable that this action is not a simple oxidation, as Fischer suggests, but 
depends on the formation of an iodohydrazine. 
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(3) Action of nitrogen iodide (NH,*NI,) on phenylhydrazine. 

In this case, as it was impossible to dry the nitrogen iodide, the 
latter was added to an aqueous emulsion of phenylhydrazine. The 
reaction takes place very readily and in the presence of excess of 
phenylhydrazine without marked development of heat. Azimido- 
benzene, aniline, and hydriodic acid (as phenylhydrazine hydriodide) 
were formed. 

(4) Action of iodine on phenylhydrazine in anhydrous solution. 

With excess of phenylhydrazine, little heat was developed. After 
removal of the hydriodide of the base by filtration, the solution was 
thoroughly extracted with hydrochloric acid. On evaporation of the 
chloroform, azimidobenzene was left. The acid extract contained 
aniline, together with the excess of phenylhydrazine. 


CHEMICAL LABORATORY, 
St. BARTHOLOMEW’S HOSPITAL AND COLLEGE, E.C. 


L.—The Preparation of 0-Chloroaniline. 
By F. D. Carraway and K. J. P. Orton. 
THE preparation and purification of this aniline have hitherto offered 


considerable difficulties, as both the substances from which it has 
been obtained, namely, o-chloronitrobenzene and o-nitroaniline, are 
not easily prepared. 

From the product of the nitration of chlorobenzene, the o-chloro- 
nitrobenzene cannot practically be obtained free from the p-derivative 
and the commercial material, which is by no means cheap, invariably 
contains large quantities of the latter. After reduction, the o- and 
pchloroanilines have to be separated. 

o-Nitroaniline also is not easily prepared, for although it is formed 
inconsiderable quantity in the nitration of acetanilide (or benzanilide), 
it is difficult to separate the pure ortho- from the para-compound. In 
addition, the subsequent conversion into o-chloroaniline is a wasteful 
process, 

The authors have recently observed (Trans., 1900, ‘77, 797) that in 
the transformation of acetylchloroaminobenzene, o-chloroacetanilide is 
formed together with the p-chloro-derivative. Although the propor- 
tion of the ortho-compound is only small (5 to 8 percent.), this method 
is found to be convenient for preparing o-chloroaniline. 

One part of acetanilide is dissolved in 3 to 4 parts of glacial acetic 
acid, and the calculated quantity of a strong solution of bleaching 
powder (05 to 0-7 W) is gradually added.* Considerable heat is 


* A solution of bleaching powder, about 0°7 WN, can be obtained by allowing 
Water to stand over excess of the solid for several hours, 
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developed, but no cooling is necessary. Orystals begin to separate as 
soon as the bleaching powder is added. After standing for some 
hours to allow of complete transformation of the chloroamino-deriva- 
- tive first formed, the crystalline mass, which consists of a mixture of 
o- and p-chloroacetanilide, is filtered off, and, together with any further 
quantity which separates from the mother liquor on dilution, dissolved 
in boiling alcohol. On cooling, p-chloroacetanilide separates in a 
nearly pure state. The alcoholic mother liquor is evaporated to half 
its volume, when a further quantity of the p-chloro-compound crystal- 
lises out. To the mother liquor is then added concentrated sulphuric 
acid (10 parts of acid for every 100 parts of acetanilide), and the 
mixture boiled under a reflux apparatus for 14 hours in order to 
hydrolyse the anilides. On distilling the acid product in steam, 
o-chloroaniline comes over, now mixed with only a small amount of 
the para-derivative. To the oil suspended in water is added an equal 
weight of sulphuric acid, the mixture afterwards being distilled in steam. 
In order to effect the final purification of the o-chloroaniline, the distil- 
late is acetylated by warming for a short time with excess of acetic 
anhydride. After removing the excess of anhydride by evaporation, 
the anilide is recrystallised by boiling it with a considerable quantity 
of petroleum (b. p. 80—100°), and adding benzene in small quantities 
until it is all or nearly all dissolved. On cooling, pure o-cbloroacet- 
anilide crystallises out in needles, and the yield amounts to about 50 
grams from a kilogram of acetanilide. 


CHEMICAL LABORATORY, 
Sr. BARTHOLOMEW’s HosPITAL AND CouiEcE, E.C. 


Ll.—Condensation of Phenols with. Esters of the 
Acetylene Series. Part IV. Benzo-y-pyrone and 
its Homologues.. 


By Sizcrriep RunEeMANN and Harotp W. Bavsor, B.A. 


RuweMANN and Srapieton (Trans., 1900, '7'7, 1184) have shown that 
phenoxyfumaric acid, under the influence of concentrated sulphuric acid, 
loses water and condenses to benzo-y-pyronemonocarboxylic acid which, 
on distillation, loses carbon dioxide and yields benzo-y-pyrone. We have 
applied this reaction to the cresoxyfumaric acids and thus obtained the 
isomeric toluo-y-pyrones which are described in this paper. Benz 
y-pyrone and its methyl derivatives dissolve in alcohol and ether a 
well as in boiling water, and their solutions in concentrated sulphuric 
acid show a blue fluorescence; they also possess an aromatic odour 
which is especially apparent on heating them with water. 


BekTsea Pre 
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Our attempts to transform benzo-y-pyrone and its homologues into 
bydroxyquinolines according to the equation 


CO-CH C(OH 
OH<) Hy + NH; = oF ae os + H,O 
have as yet been unsuccessful, since, at the ordinary temperature, 
they seem to form additive compounds with ammonia, which, however, 
on heating readily dissociate into their components. From benzo- 
ypyronecarboxylic acid, an additive product of this kind has been 
obtained which most probably has the formula 


CO,H- mer ss 


On boiling this substance with et ae it loses ammonia, as 
also does the compound obtained by the action of aqueous ammonia on 
ethyl benzo-y-pyronecarboxylate. By acting on the ester with alcoholic 
ammonia, an additive compound does not seem to be formed, or, if so, 
oly toa small extent, and in its stead the amide of benzo-y-pyrone- 
carboxylic acid is obtained. When heated with alcoholic or aqueous 
ammonia at 160°, benzo-y-pyrone and its homologues suffer decom- 
position, 
EXPERIMENTAL. 
Benzo-y-pyronecarboxylic Acid. 


When analysed previously (Ruhemann and Stapleton, Joc. cit.), the 
silver salt seemed to contain one molecular proportion of water; we 
now find that this result was due to impurity, as the pure salt, obtained 
by crystallisation, is anhydrous. On analysis : 


0:2217 left on ignition 00804 Ag. Ag=36:27. 
- O,,H;0,Ag requires Ag = 36°36 per cent. 


Benzo-y-pyronecarboxylic acid dissolves in concentrated aqueous 
ammonia, forming a yellow solution. After standing overnight, this 
is freed from ammonia by heating it under diminished pressure; on 
slightly acidifying the solution with dilute hydrochloric acid, a yellow- 
ith solid is precipitated which, after washing with water, is dried in a 
vacuum over sulphuric acid. On analysis: 


0:2799 gave 15-5 ¢.c, moist nitrogen at 17° and 752 mm, N=6:35. 
C,,H,O,N requires N = 6-76 per cent. 


As already pointed out above, this result indicates that the 
compound is an additive product of ammonia with benzo-y-pyrone- 
carboxylic acid. This view is supported by the facts that the yellowish 
solution of the substance in alcohol becomes colourless and evolves 
ammonia on boiling, and that the solution’on cooling deposits colourless 
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needles which melt and decompose at 251° and are identical with 
benzo-y-pyronecarboxylic acid. 

The behaviour of the acid towards ammonia is similar to that of its 
ester. 


Ethyl Benzo-y-pyronecarbosyl ate, CO,C,H;° —OH. 


; 0,7 0 is obtained 
by boiling the solution of the acid .in absolute alcohol with a few ¢.,¢, 
of concentrated sulphuric acid for six hours on the water-bath. After 
mixing the cold solution with water, it is shaken with ether and the 
ethereal layer freed from unchanged acid by sodium carbonate. On 
evaporating the ether, a solid remains which crystallises from dilute 
alcohol in long, colourless, silky needles melting at 69—70°. On 
analysis : 


0°1907 gave 0°4615 CO, and 00819: H,O. C=66:00; H=4°77, 
C,,H,,0, requires C= 66°06 ; H= 4°59 per cent. 


NH,CO-O—CH, 
Amide of Benzo-y-pyronecarboxylic Acid, ? 6-C.H >00.— 
tte 


Ethyl benzo-y-pyronecarboxylate dissolves in alcoholic ammonia, and, 


after a few minutes, the yellowish solution deposits an almost colour- 
less solid which increases in quantity on standing overnight. This 
dissolves only sparingly in water or alcohol, and crystallises from the 
hot solutions in slightly yellow prisms which soften at about 230° and 
melt to a dark liquid at 252°. On analysis: 


0°2122 gave 14:2 c.c. moist nitrogen at 19° and 744 mm. N=742. 
C,,H,O,N requires N =7°41 per cent. 

The formation of the amide seems to be preceded by that of its 
additive compound with ammonia; the latter, however, is unstable, 
and if the ester remains in contact with an aqueous instead of with an 
alcoholic solution of ammonia, a yellow product is obtained which, on 
boiling with water, loses ammonia and yields the amide. 


‘CH 
0-Toluo-y-pyronecarboxylic Acid, Spon a 
CH, 


This acid is prepared in the same manner as benzo-y-pyronecarboxy lie 
acid, namely, by dissolving o-cresoxyfumaric acid (Ruhemann and 
Beddow, Trans., 1900, '77, 1124) in concentrated sulphuric acid, 
allowing the solution to stand for a day, and then gradually adding * 
to ice-cold water. The white solid which is thus precipitated crystal: 
lises from rectified spirit in silky needles which melt and decompos 
at 255—256°. On analysis; 
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0:1769 gave 0°4192 CO, and 00630 H,O. C=64°63; H=3°96. 
C,,H,0, requires C= 64°71 ; H=3-92 per cent. 
The silver salt obtained as a white precipitate on mixing a solution 
of the acid in ammonia with silver nitrate, dissolves with difficulty 
in boiling water, and on cooling crystallises in colourless needles. 


On analysis : 


02815 left, on ignition, 0°0977 Ag. Ag=34°71. 
C,,H,0,Ag requires Ag = 34°73 per cent. 


o-Toluo-y-pyrone, CH,*C,H, a 


o-Toluo-y-pyronecarboxylic acid, when heated above its melting 
point, loses carbon dioxide, and an oil distils over which soon sets to 
a solid. This dissolves in light petroleum (b. p. 70—80°), leaving 
behind a small quantity of unaltered o-toluo-y-pyronecarboxylic acid. 
From the solution on cooling, colourless needles of o-toluo-y-pyrone 
separate which melt at 84—85°. On analysis: : 


0:1868 gave 0°5135 CO, and 0°0838 H,O. C=74°97; H=4°98. 
C,,)H,0, requires C= 75:00 ; H=5-00 per cent. 


o-Toluo-y-pyrone dissolves with the greatest ease in alcohol, but less 
readily in hot water ; it has an aromatic odour, which is especially 
noticeable on boiling the aqueous solution. The solution of o-toluo- 
ypyrone in concentrated sulphuric acid shows a fluorescence similar to 
that of its lower homologue. 


m-Toluo-y-pyronecarboxylic Acid, m-CH,°C,H,; mead | ws ° 
‘CO,H 


m-Cresoxyfumaric acid (Ruhemann and Beddow, Trans., 1900, 77, ° 
1124), on treatment with concentrated sulphuric acid, as in the former 
cases, loses water and condenses to the pyrone compound. This crys- 
tallises from dilute alcohol in colourless plates which soften at about 
222° and melt at 233—234° with decomposition. On analysis : 


01775 gave 0:4204 CO, and 0:0655 H,O. C=6459; H=4:10, 
C,,H,O, requires C= 64°71 ; H=3-92 per cent. 


m-Toluo-y-pyrone, CH,*C,,H, ) la 


This compound is obtained by heating the acid, and distils at about 
280° as a yellowish oil which, on cooling, solidifies. It is readily 
soluble in alcohol, ether, chloroform, or light petroleum, but only 


x 


474 CONDENSATION OF PHENOLS WITH ESTERS, | 


sparingly so in boiling water, and crystallises from the aqueous éolu- 
tion in colourless needles melting at 72—73°. On analysis : 


0°1696 gave 0°4653 CO, and 0:0788 H,O. C=74:82; H=5:16, 
C,,H,O, requires C= 75:00 ; H=5-00 per cent. 


' m-Toluo-y-pyrone also has a pleasant, aromatic odour, and its solution 
in concentrated sulphuric acid shows a faint blue fluorescence, 


p-Toluo-y-pyronecarboxylic Acid, p-OH,: OL tao H 
2 


p-Cresoxyfumaric acid, CO,H* O(O-C,H,* CH, p):CH:CO,H, which is 
required for the preparation of the above acid, has not been recorded 
before. We have obtained it by the hydrolysis of ethyl p-cresoxy- 
fumarate (Ruhemann and Beddow, Trans., 1900, '77, 1125) with 
alcoholic potash. It forms yellowish plates which dissolve in boiling 
water and melt with decomposition at 197°. On analysis: 


0°1948 gave 04250 CO, and 0°0784 H,O. C=59:50; H=447, 
C,,H,,0, requires C=59°46 ; H=4:50 per cent. 


This acid readily dissolves in cold concentrated sulphuric acid ; after 
standing overnight, the dark solution is added to ice-cold water, when 
p-toluo-y-pyronecarboxylic acid is precipitated as a white solid which 
erystallises from dilute alcohol in colourless needles and melis and de- 
composes at 258°. On analysis : 


0°1939 gave 0°4594 CO, and 0°0631 H,O. C=64:62; H=3°62. 
01747 ,, 0416400, , 0°0614H,O. C=65-00; H=3°00. 
C,,H,O, requires C= 64°71 ; H = 3-92 per cent. 


p-Toluo-y-pyrone, CH,*C,H, ee 


This compound, formed on heating p-toluo-y-pyronecarboxylic acid, 
erystallises from boiling water in colourless needles melting at 88—8%. 
On analysis : 


01823 gave 0°5005 CO, and 0:0838 H,O. C=7488; H=5:ll. 
C,,H,O, requires C= 75-00 ; H =5-00 per cent. 


p-Toluo-y-pyrone is odourless, but on boiling its aqueous solution 4 
pleasant aromatic odour is developed. The substance is readily soluble 
in alcohol or light petroleum, and its solution in concentrated sulphuric 
acid shows a blue fluorescence. 


GONVILLE AND Catus COLLEGE, 
CAMBRIDGE. 
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LIIl.—Optical Actwity of Certain Ethers. and 
Esters. 


By Professor Puiniprz A. GuyE, 


Ina recent publication, Messrs. John McCrae and T. 8S. Patterson 
(Trans., 1900, '7'7, 1096) have directed attention to the very interest- 
ing properties of the acetyl and phenacetyl derivatives of diethyl 
dtartrate, and have shown that, according to their own observations 
and others made in Professor Frankland’s laboratory, the phenacetyl 
group, which has a mass approximately equal to that of the toluyl 
group, nevertheless influences the rotatory power in a way which con- 
nects the phenacetyl group more closely with the acetyl group, or even 
the chloracetyl group, than with the toluyl group. In support of this 
conclusion, Messrs. McCrae and Patterson only quote Techugaeff’s 
previous observations (Ber., 1898, 31, 360, 1778). As various re- 
searches prosecuted in my laboratory confirm Messrs. McCrae and 
Patterson’s conclusions (Guye and Chavanne, Bull. Soc. Chim., 1896, 
[iii], 15,177; Arch. Sci. phys. nat. Genéve, 1896, [iii], 1, 34, 121; 
Welt, Ann. Chim. Phys., 1895, [vii], '7, 142 ; Guye and Babel, Arch. 
Sci. phys. nat. Genéve, 1899, [iii], '7, 23, 109), it appears to me advis- 
able to give, in the following table, a réswmé of the specific rotatory- 
powers, [a]p, of these substances at the ordinary temperature (about 
15° to 20°). 

All the substances mentioned in this table are amyl derivatives, 
obtained by help of Claudon’s primary active alcohol, having a specific 
rotatory power of [a]) —4°4° to —4°56°. They may be divided into 
two groups : 

(1) Mixed amyl ethers of the formula C,H,,*O-R, in which R repre- 
sents the radicles, phenyl, C,H,, and o-, m-, or p-tolyl, C,H,. 

(2) Amyl esters of the formula R-°CO*0-0,H,,, in which R repre- 
sents phenyl (of benzoic acid), o-, m-, or p-toluy] (of toluic acid), benzyl 
(of phenylacetic acid), or phenylethenyl (of phenylpropionic acid, 
0,H,CH,*CH,"00,H). 


Substances, . Authors. 
First Group : 
Phenyl amyl ether ‘ Welt. 
Benzyl Guye and Chavanne, 
o-Tolyl _,, Welt, 
m-Tolyl ,, ” 
p-Tolyl »” z ” 
n-Butyl : Guye and Chavanne, 


” 
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Substances. [a]. Authors, 
Second Group : 


Amy] benzoate 4°96° Guye and Chavanne, 
o-toluate 455 
m-toluate 5:05 
p-toluate 5:20 
phenylacetate 3°84 
phenylpropionate... 2°15 
propionate 2°77 
», monochloracetate... 3°44 

In order to show the analogy which exists between the rotatory 
power of substances containing the benzyl group, C,H,*CH,, and com- 
pounds of the fatty series, data relating to n-butyl amyl ether have 
been inserted in the first group, and those relating to amyl propionate 
and amyl monochloracetate in the second. In this connection, it 
may be mentioned that n-butyl amy] ether and amy] propionate give the 
highest values for [a]) among the homologous series of mixed amyl 
ethers, and among those of the amyl esters derived from fatty acids. 

From the above figures, it appears that the benzyl radicle re- 
sembles the alkyl groups, CpH»,,, rather than the phenyl, C,H, 
and toluyl, C,H,, groups in the influence it exerts on rotatory power ; 
this confirms the statements of Professor Frankland and his pupils. 

It must be remarked, however, that this conclusion is only one case 
of the much more general statement already made in a recent paper 
(Guye and Babel, loc. cit., p. 114; see also Tschugaeff, loc. cit.), 
namely, that when substitutions of chains or groups of elements are 
effected in an asymmetric carbon compound in positions sufficiently 
Jar removed from the asymmetric carbon atom, the rotatory power is 
only slightly affected. 

This fact is clearly shown from the rotatory powers of benzoate, 
phenylacetate, and phenylpropionate of amyl. It is also to be noticed 
that the analogy existing between the rotatory powers of benzyl and 
acetyl derivatives is even more striking in the case of the compounds 
mentioned in the table than in that of the esters of tartaric acid 
studied by McCrae and Patterson. This is due to the fact that 
inasmuch as the latter contained two asymmetric carbon atoms, it is 
impossible to carry out a substitution which does not influence both of 
these atoms, and thus alter their optical powers algebraically ; this may 
result in a specific rotation [a]p in which the influence: of the sub- 
stitution may be hidden by the algebraic superposition of the optical 
powers of two asymmetric carbon atoms. It is sufficient to note that 
this point has already been treated of in detail in a previous pub- 
lication (Guye and Babel, loc. cit., p. 109, et seq.). 
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[IL—The Influence of Solvents on the Rotation of 
Optically Active Compounds. PartII. Influence 
of isoButyl Alcohol and of sec.Octyl Alcohol 
(Methylhexylearbinol) on Ethyl Tartrate. 


By T. 8. Parrerson. 


Ix a former paper (this vol., p. 167), the influence of water, methyl 
alcohol, ethyl alcohol, x-propy! alcohol, and glycerol as solvents on the 
rotation of ethyl tartrate has been described. It was shown there that 
in the first four of these liquids the rotation of the dissolved ethy] tartrate 
diminishes as the molecular weight of the solvent increases, whilst 
the rotation in very dilute glycerol solutions lies between the values 
found in methyl and ethyl alcohols. Molecular weight determinations 
which had been carried out in connection with the rotation experiments 
appeared to lend no support to the idea that variation of rotation in 
solution is due to varying degree of association of the molecules of 
dissolved substance, and consequently an attempt was made to find 
some other cause for the phenomena observed. It was shown that 
the assumption of a connection between the internal pressure of the 
solvent as measured by its heat of disgregation and the specific 
rotation of the substance dissolved in it is in accordance with fact, 
provided that change of volume of an optically active molecule be 
admitted as likely to cause change of its asymmetry and consequently 
also of its rotation, it having been found that as the internal pressure 
decreases in passing from one solvent to another, the volume of the 
ethyl tartrate increases, whilst its rotation diminishes. 

It appeared, however, that although the rotation in dilute n-propyl 
alcoholic solution becomes less than that of the free ester, the molecular- 
solution-volume remains somewhat smaller than the molecular volume, 
instead of attaining to a greater value as might be expected ; it is there- 
fore advisable, before undertaking the investigation of other classes 
of solvents, to ascertain how far the behaviour of the higher alechols con- 
forms to that which would be anticipated from the results of the former 
teseatch, in regard not only to the connection between molecular- 
slution-volume and rotation, but also to another interesting point as 
well, namely, the existence of concentrations of minimum rotation. 

The general appearance of the curves already obtained makes it 
probable that the latter phenomenon will be more marked in alcohols 
higher in the series than n-propyl, and consequently the previous 
esearch is extended in the present paper to include isobutyl and sec- 
octyl alcohols and the data thus obtained should illustrate sufficiently, 
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in the meantime at least, the general behaviour of this series of 
solvents. 

The method of carrying out the experiments has already been fully 
described (/oc. cit., pp. 169—171), and it need perhaps only be remarked 
here that the rotation of the ethyl tartrate used was generally a little 
higher than that of the specimen the data for which are given on page 
198 of the former communication. The ester used in the following 
experiments had an observed rotation of + 9°35° instead of +9-244° in 
a 100 mm. tube at 20°, whence [a ]>” +7°76°. This slightly higher 
rotation, however, does not affect comparison of these results with 
the previous ones. 


Ethyl Tartrate in isoButyl Alcohol. 


Solutions containing 5, 9°996, 25, 50°005, 62°84, and 75:03 per 
cent. of ethyl tartrate were examined in the polarimeter at different 
temperatures, The numerical results obtained, along with other data 
relative to these experiments, will be found at the end of the paper 
(pp. 487—490), and are represented graphically by the curves in 
Fig. 1 (p. 479). 

The results obtained are similar to those already recorded for ethyl 
tartrate in n-propy! alcohol, but in the present case the depression of 
rotation due to the action of the isobutyl alcohol is greater, so that 
none of these solutions bas a rotation higher than that of the pure 
ester, within the limits of temperature of the experiments. At 20°, 
addition of alcohol to make a solution of py=75 diminishes the specific 
rotation by 2°; addition of more alcohol to make p=62'8 is attended 
by a further depression of rotation of 0°3°, whilst in 50 per cent. 
solution the lowest rotation observed is reached at 2°6° below that of 
the pure ester. Further dilution causes increase of rotation, a 25 per 
cent. solution having the same specific rotation as one of p=62'8 at 
20°, whilst that of a 10 per cent. solution lies 1°9°, and that of a p=) 
solution 1-45° below that of ethyl tartrate. By plotting the values of 
the specific rotations of these solutions at 20° relative to concentration 
(grams of substance per 100 grams of solution), the curve marked 
‘isobutyl aleohol” in Fig. 3 is obtained, from which it appears that 
at infinite dilution the specific rotation would be about + 6:53°, or 123° 
less than that of the free ester. 

It is obvious that in this case, as in others to which attention has 
already been drawn, namely, n-propyl alcohol and glycerol, we have 
for any particular temperature a concentration of minimum rotation 
which for 20° lies at about p=45, moving as the temperature rises to 
a somewhat greater concentration. 

It is of interest also to notice the gradual change in form of the 


Specific rotation. 
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ourves in Fig 1. That for a 75 per cent. solution has much the same 
form as that for the free ester, but it will be seen that the increase of 
rotation in the former, with increase of temperature, is somewhat 
greater than in the latter. This becomes more marked as the dilution 
increases, the sensitiveness to temperature of a p=5 solution being 


Fig. 1.—Zthyl tartrate in isobutyl alcohol. 
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distinctly greater than that of ethyl tartrate itself. At higher tem- 
peratures in solution, therefore, the active molecule appears to be 
freed from some influence which in the homogeneous ester exercises @ 
retarding effect on the increase of rotation with increase of tem- 
perature, 
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Ethyl Tartrate in sec.Octyl Alcohol (Methylhexylcarbinol), 


As the octyl alcohol used in these experiments was found to be 
slightly active,* a small correction had to be introduced in calculating 
the value of the specific rotation of the ethyl tartrate dissolved in it, 
and the results thus obtained are probably free from any appreciable 


Fic. 2.—Zthyl tartrate in sec.octyl alcohol. 


+18° 


+12 ee 


rg 


es 
a 
A 


Vhus © afe fora 


= 
M4 
£ 
& 


solution 


Temperature. 


error due to the action of the ethyl tartrate in modifying the rotation 
of the alcohol. The data obtained in the examination of 5, 10, 24-997, 


* Marckwald and McKenzie in a recent paper (Ber., 1901, 34, 474) also point 
out that commercial octyl alcohol is optically active. They found a> ~8 and 
10’ (J=2), whereas from the figures on p. 491 of this paper, the alcohol used 
in the present investigation had the rotation oe -16°5 (i=4), so that the two 
values agree closely. 


ROTATION OF OPTICALLY ACTIVE COMPOUNDS. PART Il. 481 


50°02, and 75°01 per cent. solutions will be found on pp. 491—493, and 
are also represented graphically in Fig. 2 (p. 480), where the curves 
show clearly the influence of temperature in varying the specific rotation 
of the different mixtures. 

It is apparent that here again solution brings about diminution of 
rotation. At 20°, the rotations of these solutions lie respectively 2°75°, 
293°, 3:4°, 3°4°, and 2°5° below that of pure ethyl tartrate, so that the 
effect of octyl alcohol in diminishing the rotation of this particular 
active substance is greater than that of isobutyl alcohol or of any 
other of the compounds previously examined. By plotting the values 
of the specific rotations of these solutions relatively to concentration, 
the curve marked “octyl alcohol” in Fig. 3 has been obtained, from 
which it is evident that in this case also we meet with a good example 
of a solvent whose maximum influence is exerted, not when it might 
be expected, at great dilution, but at a fairly high concentration. In 
this case, the minimum rotation occurs when p=39, its value being 
+428°, or 3:48° less than that of pure ethyl tartrate at the same 
temperature. By extrapolation from this curve, the value of the 
specific rotation at infinite dilution -is found to be +5-°24°, or 2°52° 
lower than that of the free active substance. 


Discussion of Results. 


From the experiments detailed above, it appears that the influence 
of isobutyl alcohol and octyl alcohol is, so far as the rotation of ethyl 
tartrate is concerned, what might have been expected from the results 
communicated in the previous paper : the rotation continues to diminish 
with increase in molecular weight of the solvent. How much further 
this behaviour would be continued in the higher members of the same 
series cannot, of course, be stated, and in the meantime it does not 
seem to be of the first importance to decide the question. That the 
diminution of rotation does not depend merely on molecular weight is 
shown by the position which glycerol occupies with regard to the 
other solvents used. Although its molecular weight is greater than 
that of propyl alcohol, the specific rotation of dilute solutions of ethyl 
tartrate in it is higher than for similar solutions, not only in m-propyl 
alcohol but in ethyl alcohol as well. 

In the former paper it has been shown that for the five sol- 
vents dealt with a qualitative agreement exists between specific 
rotation and molecular-solution-volume, even when water and glycerol 
are considered, although, on account presumably of their somewhat 
diferent chemical nature, their behaviour does not conform com- 
pletely to that of the three primary alcohols. The important point, 
therefore, with which this communication is concerned is whether the 
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relationship just mentioned can be shown to exist also for the two 
new solvents. The molecular-solution-volume in them has there. 
fore been calculated by means of the formula already used (this 
vol., pp. 189—190), and following are the results: 


MNolecular-solution-volume of ethyl tartrate. 


M=206. Molecular volume of ethyl tartrate at 20° = 206/1°2053 = 1709; 
[a}2” =7°76°. 


d. 3 .8.V. [a], 


171°80* 
170°44 
170°40 
170°54 
170°55 
170°74 


0°8326 
0°8458 
0°88825 
0°9717 
1°0748 


These figures are plotted in Fig. 3 (p. 483) relatively to percentage 
composition of solution and below the corresponding concentration-rota- 
tion curves, so that the behaviour of the ethyl tartrate with regard to 
rotational and volume change may be easily compared. ‘The first 
figure given in the table for a p=5 solution in isobutyl alcohol— 
marked with an asterisk—is much too high, owing to a slight error 
in the density determination, which in the calculation of molecular- 
solution-volume becomes greatly magnified, but since the other 
experimental points sufficiently indicate the behaviour of the solutions, 
it was considered unnecessary to redetermine this number. : 

In the case of isobutyl alcohol, there is apparently little alteration 
in the volume of the dissolved ethy} tartrate as the concentration 
diminishes. By extrapolation, the volume at infinite dilution is found 
to be about 170°3 c.c., or only 0°6 c.c. less than that of ethyl tartrate 
in the homogeneous condition. Now if an intimate connection 
between rotation and volume actually exists, the specific rotation of 
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ethyl tartrate in this solvent ought to be almost identical with that 
of the free ester, on account of this similarity of volume. It is, how- 
ever, less at infinite dilution by 1°23°, so that we do not meet here 
with any absolute agreement ; in spite of this, however, the supposi- 
tion that there is such a relationship is strengthened when the data 
regarding octyl alcohol are taken into account, In this case a con- 
siderably greater volume change—an increase—occurs on dilution, 
and this is very interesting, showing as it does that if thereisa 
limiting value to which the molecular-solution-volume tends it is not 
that of the molecular-volume, and also that the dissolved active 
substance can have a greater volume in solution than in the free 


Fic. 3.—Relationship of specific rotation and concentration, and of molecular- 
solution-volume and concentration at 20°. 
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condition. In octyl alcohol, the value of the molecular-solution- 
Volume of ethyl tartrate at infinite dilution is apparently 174°3 c.c., 
or 3'4 ¢.c, greater than its molecular-volume, whilst the rotation, also 
at infinite dilution, is +5°24°, or 2°62° less than that of the free 
ester, 

We thus obtain the figures on p. 484 for volume and rotation in 
the solvents so far examined. 

Considering, now, the last five of these solvents, it appears that the 
results of the present investigation confirm those of the previous one. 
So long as the diminution of rotation continues in passing from one 
solvent to another, so long also does the molecular-solution-volume 
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M.S. V. [ay" Change in 
Solvent. ina : infinite . be ° 
ilution, dilution. ue to 


20°. solution, 


TESST eae eee .| 157°7 cc. + 26°15° +18°49° 
TET 10°57 2°91 


Methyl alcohol , ; 11°50 3°84 
Ethyl . Bo 9°13 : 1°47 
n-Propyl : ' 7°40 ‘ — 0°26 
isoButyl ‘ ‘ 6°53 — 1°23 
sec. Octyl ‘ 5°24 — 2°52 


increase and the decrements of rotation correspond fairly closely with 
the increments of volume. The alteration of volume in passing from 
isobutyl! alcohol to octyl! alcohol is greater than in passing from n-propyl 
alcohol to isobutyl alcohol, and so is the rotational change, but had the 
intermediate members of the series been examined there is little doubt 
that the increments of volume and decrements of rotation would show 
a similar correspondence for each member as is the case for the first 
four. 

The changes in volume and rotation appear to become simul- 
taneously smaller, and probably both tend to some limiting values, 
which are, however, not the constants for free ethyl tartrate. 

From the results so far obtained, it seems tolerably clear that water 
and glycerol, although they do fit into the above table, behave in 
a different manner from the monohydric alcohols. The rotation of 
ethyl tartrate in water is very much higher than would be expected 
from a comparison of the molecular-solution-volumes, and glyccrol also 
shows differences, not quite so pronounced perhaps, which are most 
apparent in the form of the concentration-rotation curve. From this 
it may be surmised that, in addition to the volume change, there is ® 
specific action of the solvent as well, so that volume relationships 
such as those described here only hold strictly for one series of 
solvents. It has been pointed out above, for instance, that although 
the molecular volume of ethyl tartrate is practically the same as its 
molecular-solution-volume in isobutyl alcohol, the specific rotations of 
the free ester and its solution are not identical. Now in part I. of 
this investigation (this vol., p. 198) it was pointed out that, in con 
sidering the rotation of an active substance in the homogeneous 
condition, the molecular rotation should be regarded as the rotation of 
the molecule subjected to the internal forces of that liquid, that 18, 
the active compound should be looked upon as a solution in itself; 
if free ethyl tartrate be regarded thus and its rotation compared with 
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that of a solution in tsobutyl alcohol, the difference in composition of 
the solvents is probably sufficient to explain the difference in rotation 
in the two cases, in spite of the fact that the volume is the same or 
very nearly the same in both. It is possible that a really strict 
coincidence would only be shown in solvents whose chemical com- 
position is closely related to that of the active substance, but the 
decision of this question must be left to future investigation. 

Although, as has just been explained, there appears to be a distinct 
relationship between molecular-solution-volume and rotation, inasmuch 
as they vary in a similar manner, no very marked correspondence is 
to be noticed between the shapes of the concentration-volume and 
concentration-rotation curves for the solvents whose behaviour is the 
subject of this paper. The volume curve for isobutyl alcohol, for 
instance, is almost a straight line, and so indeed is that for octyl 
alcohol, whereas the rotation curves dip considerably to reach a 
minimum at a certain concentration and then rise again. In the 
former communication, two similar instances were described, so that in 
four solvents at least * n-propyl alcohol, isobutyl alcohol, sec.octyl 
alcohol, and glycerol there exists for any particular temperature a 
concentration of ethyl tartrate for which the specific rotation is a 
minimum. Now if rotation depends proximately on volume, and, as 
appears to be the case for ethyl tartrate, diminishes with increase of 
volume, then it follows that when the specific rotation of ethyl tartrate 
in any. solvent reaches a minimum, the molecular-solution-volume 
should have attained to a maximum value at the same concentration. 
The molecular-solution-volume curves in Fig. 3 show no such 
maximum value, but it does not necessarily follow that none exists, 
for the curves drawn represent, not only the change in volume of the 
ethyl tartrate, but also that of the solvent, both the changes, 
which may be opposite in sign, being attributed to the ethyl tartrate. 
Obviously, therefore, the occurrence of a maximum volume of the 
ethyl tartrate may be entirely masked by contraction in the solvent. 

In the former paper (pp. 191—193), the behaviour of glycerol 
solutions of ethyl tartrate in this respect has been described. It was 
shown that in dilute solutions, as the concentration increases, the 
molecular-solution-volume also increases rapidly. When the pro- 
portion of ethyl tartrate in the mixture has risen to about 20 per cent., 
however, this rapid increase ceases (see this volume, Fig. 8, p. 180), the 
variation of volume with increase of concentration then becoming much 
more gradual. From a comparison of the corresponding curves for 
Volume and rotation + it was suggested that in reality the ethyl 


+ : ° 

. There 18 possibly, also, a concentration of minimum rotation in ethyl alcohol, 
t it 18 not so well marked. 
t This solvent shows a particularly well marked concentration of minimum rotation. 
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tartrate may continue to expand with increasing concentration—the 
glycerol contracting meanwhile—until a maximum volume of about 
173 c.c. is reached, when p= 65, the specific rotation being then +5-?, 

The results of the present investigation appear to support this sug- 
gestion, for they show that, not only is the volume of ethy! tartrate in 
octyl alcohol greater than the normal, but that its value at infinite 
dilution is 174°3 c.c., the rotation corresponding to this volume being 
+5-24°, which is almost exactly the same as in glycerol at the con- 
centration of minimum rotation. Thus for the same value of the 
rotation in two different solvents and at different concentrations 
the actual volume in one case (octyl alcohol at infinite dilution) corre. 
sponds closely with that predicted for the other (glycerol at p=65) 
from the general appearance of its molecular-solution-volume curve, 

In the other three instances, however, the molecular-solution-volume 
curves do not show such a rapid variation as is met with in glycerol, 
but then neither is the diminution of rotation with increase of con- 
centration so striking, and it is quite possible that in these solvents 
also the volume of the ethyl tartrate reaches a maximum, when the 
rotation has fallen to a minimum, value. If this be the case, then 
since in ”-propy! alcohol at 20° ethyl tartrate has a minimum rotation 
(+6°4°) when p=57, in tsobutyl alcohol (+5-06°) when p= 45, and in 
octyl alcohol ( + 4°28°) when p= 39, the solution-volumes of the ester 
should have maximum values at the concentrations mentioned, but no 
proof that this is the case can at present be adduced. In the meas- 
time, but little more can be done with regard to this interesting question 
than to give the data as stated. In the monohydric alcohols, the 
minimum rotation occurs ata less concentration the higher the mole- 
cular weight of the solvent. As a possible explanation, the above 
suggestion may be offered, as it seems to have more in its favour than 
any other which can at present be brought forward. 

Of other views there are two which may be mentioned, and according 
to them change of rotation with variation of concentration depends (1) 
on simultaneous variation of association of the molecules of the active 
substance, or (2) on the formation of different chemical combinations 
of active substance and solvent. To both of these ideas there are con- 
siderable objections which need not be discussed here. Their a prior 
improbability (as applied to the cases under consideration, of course) 
is great, but what is perhaps more important, neither of them seems, 
at present, at least, to be verifiable. Any methods we now possess 
for the determination of molecular weight in solution can only be used 
when the dilution is great, and are incapable of being applied to 
trace the phenomena met with in these experiments, whilst there 
appears to be even less hope of demonstrating the actual existence of 
the compounds presupposed by the second theory which, if they #ré 
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formed, must be of a different order from anything we are acquainted 
with at present. To this same objection, the suggested correlation of 
yolume and rotation may also be open, but it seems to allow room 
for greater hope of satisfactory demonstration, and experiments 
are being undertaken which may throw light upon this particular 
subject. 

It would appear, then, that the results of this investigation tend to 
confirm the generalisation deduced from the former research. We 
seem to be justified in concluding that, at any rate in the seven 
solvents so far examined, a relationship does exist between molecular- 
solution-volume and specific rotation, but it also appears probable that 
this relationship only holds strictly throughout a particular series of 
solvents. In the present series, no influence is apparent which can be 
definitely attributed to the slightly different constitutions of the 
alcohols used. 

In the previous paper, the variation of molecular-solution-volume 
was shown to agree with the variation of heat of disgregation of the 
solvent, but the want of sufficient data makes a comparison impos- 
sible in the present case, and a similar remark applies to the dielectric 
constants. Molecular weight determinations have not been carried out 
in the present instance, since these being necessarily made by the 
boiling point method, would only apply for temperatures considerably 
above those for which the rotation has been examined, and would 
therefore have comparatively little value. 


Ethyl Tartrate in isoButyl Alcohol. 


The isobutyl alcohol used was obtained from Kahlbaum. It was 
distilled over sodium and then redistilled. Examined in a 400 mm. 
tube in the polarimeter, it was found to be inactive. 

Determination of its density, relative to that of water at 4°, at 
various temperatures, gave these results : 


Temperature 16°9° 41° 53°2° 69°6° 83°7° 
Density 08053 0°7861 0°7759 0°7615  0°7482 


By interpolation from these figures, the value 0°8029 at 20° is 
ound, 


Linnemann (Annalen, 1871, 160, 238) gives d 18°/0° 0°8003. 
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p=5. 


Temperature. ap (400 mm.) 


25°6° +1°132° 
13°5 0°828 
63°9 1°718 
53°9 1°570 
44°0 1°420 
27°3 1°168 
13°3 0°840 


Densities determined : 
After 


experiment, 
Temperature 18°5° 31° 48° 63°8° 80°1° 199° 
Density 0°8174 0°8076 0°7937 0°7798 0°7648 0°8165 


p=9-996. 


| 
Temperature. | @» (400 mm). Density. 


20°5° +1°899° 0°8307 
16°9 1°755 0°8339 
76°5 3°622 0°7823 
69°2 3°509 0°7889 
61°2 8322 0°7956 
50°2 3°037 0°8051 
41°1 2°750 0°8130 
27°4 2°245 0°8250 
16°1 1°734 0°8345 


Densities determined : 
After 


experiment. 
Temperature...... 19°7° 30°8° 47° 65°6° 81°8° 884° 159° 
Density.............  0°8311 0°8228 0°8087 0°7925 0°7774 0°7762 0°8343 
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p= 25. 


Temperature. ap (400 mm.). Density. 


18°7° +4°505° 0°8777 
14°9 3°980 0°8809 
63°2 8°686 0°8389 
56°9 8°188 0°8441 
48°9 7°556 0°8510 
39°0 6°666 0°8600 
26°0 5°328 0°8711 
78°2 9°583 0°8249 
73°2 9°291 0°8300 
65'5 8°856 0°8365 
18°1 4°402 0°8782 
13°2 8°782 0°8826 


Densities determined : 
After 
experiment. 
Temperature 147° =26°6° = 436° 59° 77°2° 14°8° 
Density 0°8812 0°8704 0°8557 0°8423 0°8252 0°8806 


p=50-005. 


Temperature, ap (100 mm. ). Density. 


12°7° +1°968° 0°9713 
43°3 3°813 0°9429 
26°6 2°867 0°9584 
18°0 2°322 0°9665 
78°4 5°043 0°9102 
70°2 4°738 0°9180 
61°6 4°472 0°9260 
F2°2 4°122 0°9349 
18 2°320 0°9665 


Densities determined : 


Temperature. 16° 38°2° 52°5° 67°5° 77°6° 
Density 0°9683 0°9480 0°9345 0°92038 0°9104 0°9656 
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p= 62°84. 


Temperature. @> (100 mm. ). Density. 


+3°385° 1°0173 
3°199 1°0193 
6°920 0°9569 
6°804 0°9601 
6°530 0°9670 
6°107 0°9770 
5°630 0°9867 
4°030 170102 
4°907 0°9990 
2°754 1°0248 


Densities determined : 


Temperature 33 ‘9° 47°3° 
Density 1°0198 1°0044 ~ 0°9916 


p=75°03. 


Temperature. a> (100 mm.). Density. 


13°3° +3°821° 1°0787 
43°2 6°680 1°0498 
29°1 5°418 1°0630 
17°9 4°265 1°0741 
83°0 8756 1:0099 
74°9 8°458 1°0181 
62°5 7°815 1°0304 
54°5 7°333 1°0383 
15°7 4°061 1°0761 


Densities determined : 
After 


experiment. 
Temperature 18°4° 27°5° 44°3° 58°3° 78°8° 19°8° 
Density 1°0650 1°0486 1°0347 10142 1°0739 


Ethyl Tartrate in sec.Octyl Alcohol (Methylheaylcarbinol). 


The sec.octyl alcohol used was obtained from Kahlbaum, and was 
carefully distilled in a vacuum over well cleaned sodium. It boiled 
at 76° (bath 106°, pressure 11 mm.). Kahlbaum (quoted by Beilstein) 
gives 75°5° as the boiling point under 10°1 mm. pressure. Examined 
in the polarimeter, it was found to be distinctly active ; in order that 
a correction might be made for this in the subsequent experiments, the 


ROTATION OF OPTICALLY ACTIVE COMPOUNDS. 


rotation of the alcohol was examined at several different temperatures, 


with the following results : 


Temperature. 
15°6° — 0°275° 
84 0°263 


The density of the alcohol relative to water at 4°, at different 
temperatures, was as follows : 


28°9° 


Temperature 18:1° 
Density 


From these figures, the value 0°8198 at 20° is 


polation. 


Briihl (Annalen, 1880, 208, 28) gives d 20°/4° 0°8193. 


p=5°001. 


ay (400 mm.). 


36°9° 
0°8212 08131 08070 0°7982 


Temperature. 
67°3° 
49°3 


48°1° 


Temperature. | ap (400 mm.). 


Corr. 


Density. 


+0°535° 
0°968 
0°690 
0°438 


Densities determined : 


Temperature 
Density 


+0°264° 

* 0°261 
0°262 
0°265 


82°6° 
0°8230 


46°5° 
0°8122 


0°8335 
0°8161 
0°8280 
0°8382 


p=10, 


Temperature, | 


a (400 mm. ). 


Density. 


+1°288° 
3°141 
2°940 
2°588 
2°360 
1°590 
0°980 


Densities determined : 


0°8471 


er 


30°4° 


0°8379 


47° 
0°8247 


0°8478 
0°8002 
0°8076 
0°8180 
0°8242 
0°8417 
0°8530 


0°7880 0°7728 
obtained by inter- 


61°7° 
0°7997 


61°8° 
0°8123 
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p = 24°997. 


Temperature. jay (249°6 mm.). Corr. Density. 


18° + 2°060° +0°139° 0°8898 
79°4 5°493 0°134 0°8383 
72°9 5°243 0°135 0°8439 
63°6 4°850 0°135 0°8519 
56°1 4°513 0°136 0°8581 
48 4°096 0°137 0°8650 
41 3°708 0°137 0°8707 
25°2 2°675 0°139 0°8837 
121 1°682 0°140 0°8944 


Densities determined : 


Temperature ... ; 32°2° 47°9° 64°4° 80°3° 
Density , 0°8783 0°8652 0°8511 0°8374 


p=50-02. 


Temperature. | ap (100 mm.). Corr. Density. 


+1°492° +0°041° 09790 
3°525 0°041 0°9507 
2°722 0°041 0°9627 
1°902 0°041 0°9739 
4°954 0°039 0°9148 
4°867 0°040 0°9199 
4°562 0°040 0°9277 
4°135 0°040 0°9380 
1°988 0°041 0°9728 


Densities determined 


Temperature 34°4° 46°9° 66°6° 81° 
Density 0°9728 0°9593 0°9481 0°9302  0°9168 
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p=1501. 


Temperature. | ap (100 mm. ). Corr. Density. 


16°7° +3°822° + 0°023° 1°0779 
82°2 8°733 0°022 1°0158 
76°3 8°447 0°022 1°0210 
66°9 7°927 0°022 1°0300 
53°3 7°075 0°022 1°0431 
26°6 4°892 0°028 1°0687 
11°9 3°289 0°023 1°0823 
40°4 6°147 0°028 1°0556 


Densities determined : 


Temperature 29°1° 50°1° 65°7° 81°6° 
Density 1°0777 1°0663 1°0462 §=1°0312 =1°0161 


The data so far obtained for the monohydric alcohols should be 
suficient to characterise their general behaviour ; tl:e author hopes 
son to be in a position to communicate the results of experiments, at 
present being carried out, which shall do the same for other series of 
solvents. 


YoRKSHIRE COLLEGE, 
LEEDS. 


LIV.—Metal-Ammonia Compounds in Aqueous Solution. 
Part II. The Absorptive Powers of Dilute Solutions 
of Salts of the Alkali Metals. 


By H. M. Dawson and J. McCrae. 


Iva previous communication (Trans., 1900, '77, 1239), we have shown 
how the presence of certain salts affects the distribution of ammonia 
between water and chloroform. From the results obtained we were 
able to draw conclusions as to the composition of the complex ammonia 
derivatives existing in the aqueous ammoniacal solutions. In the 
course of this work the effect of the addition of sodium sulphate to 
aumoniacal copper sulphate solutions was investigated, with the view of 
determining the influence of an increase in the concentration of one of 
the electrolytic dissociation products of cupri-ammonia sulphate. 
Experiments had to be made to determine the influence of sodium 
sulphate alone on the distribution of ammonia between water and 
VOL, L¥X1Ix. MM 
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chloroform, and it was found that this, although small, wa 
appreciable. 

From a study of the effect of dissolved electrolytes on the solubility 
of nitrous oxide, Gordon (Zeit. physikal. Chem., 1895, 18, 1) obtained 
results which, as Jahn (<bid., p. 8) has shown, indicate that the influence 
of the dissolved salt is proportional to its concentration raised to the 
power 2/3, that is, to the number of molecules contained in unit area, 
‘If a is the absorption coefficient in pure water, a’ that in the salt. solu- 
tion, and m the concentration of the salt expressed in molecules per 
litre, then 


a—a’ 

mt 
Gordon has also shown that Steiner’s (Ann. Phys. Chem., 1894, [iii], 
52, 275) results obtained for the solubility of hydrogen in solutions 
of electrolytes are in agreement with this relationship, 

With the object of determining whether the solubility of ammonia 
in water is influenced in the same manner as is the solubility of 
nitrous oxide and of hydrogen by the addition of electrolytes, we 
have carried out a series of experiments with solutions of various 
alkali salts. 

The influence of the dissolved electrolyte will, in the case of neutral 
inactive substances, be of a purely physical character, but if, as in the 
case of ammonia, the substance has not this neutral inactive nature, 
the simple physical action will be complicated by chemical action 
between added substance and electrolyte. The chemical action may 
be of two kinds: (1) partial displacement of the acidic (or basic) 
radicle of the salt by the base (or acid) added, and (2) formation of 
molecular compounds. In the special case of ammonia, the first 
chemical action is preceded by the action of the distributing substance 
on the solvent, but in consequence of the weak basic character of 
ammonia it can be shown that the former action is negligibly small. 

In the case of solutions of salts of the alkali metals, it may be 
assumed as a working basis that no appreciable formation of additive 
compounds with ammonia takes place, in which case the only influence 
of the dissolved salt will be that resulting from what may be called 
the physical action. The relatively small tendency of most of the 
salts of the alkali metals to form ammonia additive products in the 
solid state justifies to a certain extent this assumption, but it is well 
to bear in mind that as yet no evidence of the non-formation of such 
compounds in aqueous solution has been brought forward. 

Raoult (Ann. Chim. Phys., 1874, [v], 1, 263) has investigated the 
influence of dissolved salts on the solubility of ammonia in water. His 
experiments were carried out with very concentrated solutions, which 
were saturated with ammonia under atmospheric pressure. With 


= a constant. 
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respect to ammonia, the solutions varied from 30 to 50 normal, and 
with respect to salt, from 2°5 to 10 normal. His results may be briefly 
stated as follows. Caustic potash and caustic soda decrease the solu- 
bility in a marked degree. Ammonium chloride exerts a similar 
influence but to a very much smaller extent, whilst ammonium and 
sodium nitrates have scarcely any effect. The presence of calcium 
nitrate very appreciably increases the solubility. In all cases the 
influence is proportional to the amount of salt in the solution. If the 
quantity of ammonia absorbed by 100 c.c. of water be denoted by Cw, 
that absorbed by 100 c.c. of salt solution containing g grams of salt 
by C, it is obvious that the results can be expressed by the equation 
Cw-Ce _ 5 


——_——— 


g 
where & is a constant the value of which depends on the nature of the 
dissolved salt. 

It is not probable that the values which might be deduced from 
Raoult’s results could be used to express the influence of the dis- 
solved salts on the absorptive power of water for ammonia, since on 
account of the high concentration the character of the solvent is so 
completely changed. 

Our experiments have been carried out with much more dilute 
solutions, normal salt solutions being the most concentrated employed 

With the object of determining the specific action exerted by 
various salts of the alkali metals, and the influence of the con- 
centration of the salt solution on the distribution of ammonia between 
water and chloroform, a series of experiments was carried out in which 
the ammonia concentration in the aqueous phase was (nearly) constant, 
namely, about 0°5 normal, and a series in which the ammonia con- 
centration varied. . 

Method. Fifty c.c. of a solution containing known quantities of 
salt and ammonia were shaken with 100 c.c. of chloroform which had 
been treated with ammonia, then with dilute sulphuric acid, and 
finally distilled immediately before being used. After shaking in a 
thermostat at 20° until equilibrium was attained, the two layers were 
separated and titrated as described previously (former paper, loc. cit.) 
with 1/10th or 1/20th normal acid. 

In our previous communication we have assumed that the coefficient 
of distribution of ammonia between chloroform and pure water is 
independent of the ammonia concentration. The results of Hantzsch 
and Sebaldt (Zeit. physikal. Chem., 1899, 30, 258) seem to prove this, 
and the figures obtained by us also pointed to this conclusion. 

During the course of the present investigation we were led to 
conduct experiments at higher ammonia concentrations than formerly, 

M M 2 


2 i 
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Considerable experience in the carrying out of the determinations has 
enabled us to attain a much greater degree of accuracy than can be 
attached to the numbers referred to above, which were obtained at 
the commencement of our inquiry into this subject. 

As a result of our new determinations, we can assert that the ratio 
of distribution of ammonia between water and chloroform is not quite 
independent of the ammonia concentration.* 


The results obtained are given in the following table which contains, 
in addition to the ratio of the total ammonia concentrations (k), the 
ratio of the concentrations of the undissociated ammonia (r ="=*) 

% 
The values of the degree of electrolytic dissociation (~) have been 
interpolated from the numbers in Hantzsch and Sebaldt’s paper. 


Tase I, 


Concentration | Concentration | Distribution Degree of 
of NH, in of NH, in coefficient. | dissociation at 
water. CHC),. G concentration 
Grams per litre. | Gram per litre. Cy" 
k. 


C- Cy 


5°160 0°1958 26°36 " 26°15 
6°393 0°2439 26°21 26°02 
7°809 0°2979 26°21 26°08 
7°861 0°2991 26°28 26°10 
9°574 0°3677 26°04 25°86 
12°081 0°4663 25°91 25°75 
12°790 0°4962 25°78 25°62 
14°410 0°5610 25°70 25°54 
17°168 0°6780 25°32 25°19 


From the experimental data and the appended curve (p. 497) it is 
clearly seen that at 20° the distribution coefficient diminishes somewhat 
as the ammonia concentration increases. The distribution coefficient 
would appear to be very nearly a linear function of the concentration, 
provided the latter (in the aqueous phase) is greater than 0°5 normal. 
As the concentration diminishes, the experimental difficulties of 
determining accurately the value of the distribution ratio increase 


proportionally. The figures obtained, however, indicate that for 
ammonia concentrations less than 0°5 normal the distribution 00 


efficient is practically constant. 
This is in harmony with the results of Jakowkin (J. Russ. Phys. 


* It may here be pointed out that the variation of distribution coefficient with 
ammonia concentration does not appreciably influence the conclusions previously 
drawn concerning the amount of ammonia combined per molecule of salt. 


0 


——_ 


Distribution coefficient. 
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Chem. Soc., 1900, 32, 349 ; Journ. Soc. Chem. Ind., 1900, 19, 900), 
who finds that the partial pressure of ammonia solutions at 0° is pro- 
portional to the concentration so long as this does not rise above 0°5 
normal, that is to say, at low pressures (where the amount of 
ammonia absorbed does not correspond to solutions more concentrated 
than 05 normal), ammonia obeys Henry’s law. 

The observed variation of the distribution coefficient (&) within the 
ammonia concentration limits employed is about 4 per cent. The 
variation of + is scarcely smaller than that of k and therefore electro-— 
lytic dissociation will not account for the diminution of distribution 
weficient with increasing ammonia concentration. 


Curve showing the dependence of distribution coefficient on ammonia concentration. 


26°50 


26°25 


§ 26°00 


a ee ie ee ee ee ee a ee 


Concentration of ammonia in grams per litre in the aqueous solution. 


Arrhenius (Zeit. physikal. Chem., 1899, 31, 197) has shown that the 
degree of dissociation of weak electrolytes is slightly increased in 
presence of strong electrolytes. On account of the difficulty of 
‘slimating the degree of dissociation of ammonia in salt solutions, the 
alue of r in these cases cannot be accurately ascertained. In the 
vestigation of the influence of dissolved salts on the absorptive 
Power of water for ammonia, we compare (as indicated below), there- 
fore, the values of & given by the respective solutions. Since, more- 
‘ver, the difference between k and r is very small, the results which 
we obtained by a comparison of the values of & cannot differ sensibly 
ftom those which would be obtained by comparing the values of r. 

experimental results obtained with salt solutions are contained 
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in the following tables. As a rule, determinations were made with 
four different concentrations of each salt. 

In the first series (Table II.) the ammonia concentration was 
constant (being about 0°45 normal), and the distribution coefficient 
would in all cases be 26°25. We have adopted this value for the 


calculation of the expression — (contained in the fifth column), 


where k= 26°25, k’ is the observed distribution coefficient with the 
salt solution of normality m (gram equivalent per litre). 


Taste II. 


Strength 
of aqueous 


Concentra- 
tion of N Hin 
the aqueous 
part, 


Concentra- 
tion of NH, 
in the 
CHCl;, 


Coefficient, 


c . 
Cg 


solution. 
grams per 


litre. 


gram per 
litre, 
Kk. 


Cy. Cg. 


Potassium iodi 


7°779 
7°808 
7°799 
7°791 


Potassium chloride : 


7°827 
7°836 
7°800 
7711 
7°561 
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TaBLE II. (continued). 


Concentra- | Concentra- 
h tion of NHgin} tion of NH, Mean ; 
Strengt the aqueous in the Coefficient, ye.” t) 
ofaqueous | “part, CHC),, -k. 
slution. | grams per | gram per ; . 
litre. litre. 


i o Cg. 


Potassium chlorate : 
0°25 7°734 
Potassium oxalate : 


*7°724 
*7°737 
*7°660 
*7°683 


Potassium sulphate : 


0'2 | 7°742 
0°4 | 7°776 


04 7778 


Potassium carbonate : 


04 *7-850 
06 *7°812 
08 *7-772 
10 *7 +592 


Sodium iodide : 


0°4 
0°6 
08 
10 


Sodium bromide : 


0°4 
06 
08 
10 
ee 


500 DAWSON AND McCRAE: METAL-AMMONIA COMPOUNDS IN 


TaBLE II. (continued). 


Strength 
of aqueous 
solution. 


Concentra- 
tion of NH, in 
the aqueous 
part, 
grams per 
litre. 


Q- 


Concentra- 
tion of NH; 
in the 
CHCl,, 
gram per 
litre, 


Cg. 


Coefficient, 


Sodium nitrate: 


7°549 
7°657 
7°716 
7°714 


Sodium sulphate® 


0°4 
(former paper, 
p. 1248) 
0°6 
0°8 
1°0 


7°233 


7°788 
7°789 
7°724 


Sodium carbonate : 


AQUEOUS SOLUTION. 


TaBLE II. (continued). 


Strength 
of aqueous 
solution. 


Concentra- 
tionof NH,in 
the aqueous 
part, 
grams per 
litre. 


Cy. 


Concentra- | 
tion of NH, 
in the 
CHCl,, 
gram per 
litre. 


Cy. 


Coefficient, 
a 
i) 


Kk’. 


Lithium chloride : 


Ammonium bromide : 


Ammonium chloride : 


7°814 
7°756 
7°808 
7812 


itrate : 


7°762 
7°665 
7°738 
7°698 


7°816 
7°823 
7°812 


PART 
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TaBLE II. (continued), 


Strength 
of aqueous 
solution. 


Concentra- 
tion of NH,in 
the aqueous 
part, 
grams per 


Concentra- 
tion of NH, 
in the 
CHCI,, 


gram per 


Coefficient, 
q 


-_--e 


litre. & 
Xe’ . 


litre. 


q. Cy 


Ammonium sulphate : 


7902 
7773 
7°806 
7°839 
7°760 
7°769 
7°764 


Potassium hydroxide : 


0°213 
0°284 


*7°878 
*7°864 


Sodium hydroxide : 


+7°06 
6°74 
6°33 
6°16 


23°71 
22°61 
21°59 
20°71 


*7°862 
*7 832 
*7°802 
*7°774 


0°3315 
0°3463 
0°3613 
0‘3753 


* In the case of the oxalates, carbonates, and hydroxides, the ammonia in the 
aqueous solution was not determined directly, but was calculated from the amount 
known to be originally present less the quantity which had gone into solution in 
the chloroform. 


In the following table are given the results obtained with salt 
solutions containing smaller and larger quantities of ammonia than 
those used in the experiments recorded in Table II. The fifth column 
contains the values of & (the distribution coefficient for pure water at 
concentration ¢,) obtained from the curve, and this was used in the 


calculation of the value of the expression 2% of the sixth columa.* 


* In the light of the more recent work incorporated in this paper, be find that 
when allowance is made for the variation of the distribution of ammonia between 
pure water and chloroform with the concentration, the irregularity noted in the 
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TaB.eE IIT. 


Potassium nitrate : 


11136 
11°070 
11°070 
13°910 
13°880 
13°860 


Potassium chloride : 


6°194 
11°071 
11°090 
11°053 
13°853 
13°835 
13°831 


4°596 
4°577 
4°562 


Lithium chloride : 


0°6 


Ammonium 


10°890 


sulphate; 


5°581 
13°870 
13°870 


0°2418 
0°6138 
0°6173 


23°08 
22°59 
22°47 


26°31 
25°70 
25°70 


+4:04 
3°89 
4°04 


An inspection of the tables shows that, with the exception of lithium 
chloride, ammonium bromide, and sodium iodide, all the salts investi- 
gated produce a lowering of the distribution coefficient; in other 


Proceedings (1901, 17, 6, lines 18 to 17) disappears. We desire, therefore, to 
Withdraw the former statement referring to the behaviour of the more concen 
ammonia solutions, 
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words, the solvent power of aqueous solutions of the alkali salts is in 
general less than that of pure water. 

Excepting the ammonium salts and the hydroxides, the dependence 
of the action exerted by a given salt on its concentration is clearly 
seen from the values of 5 —* , contained in the fifth or sixth column, 
For solutions in which the concentration of the dissolved salt varies 
from 0°4 normal to normal, the value of this expression remains 
practically constant. In general, the variations from the mean value 
are quite irregular and cannot be represented as a function of the con- 
centration; the change of the distribution coefficient is therefore 
proportional to the concentration of the salt. 

The ammonium salts and hydroxides investigated would appear to 
behave differently. In the case of the sulphate, nitrate, and bromide 
of ammonium and the hydroxides of potassium and sodium, the value of 
: 5 decreases with increasing salt concentration. That this varia- 
tion cannot be attributed to errors of experiment is conclusively 
proved by the good agreement between the nymbers obtained in two 
separate experiments (ammonium sulphate) carried out with the same 
salt concentration. 

With this limitation, it appears legitimate, therefore, in the case of 


the salts investigated, to take the mean value of mi that is 8, asa 


measure of the action exerted by the salt on the absorptive power of 
water for ammonia. This mean value we propose to designate the 
‘equivalent alteration of the distribution coefficient’ for the salt 
under consideration ; it is evident that this factor is proportional to 
the alteration of the partial pressure of ammonia produced by the dis 
solved salt in normal solution. 

In view of the above-mentioned behaviour of the ammonium salts, 


and the hydroxides, the mean value of k-& has not the same simple 


significance and cannot be regarded as an accurate measure of the 
specific action exerted by the salt. For the purpose of comparing the 
whole of the salts investigated, we have, however, considered it per 
missible to take a mean value in these cases also, more especially as 


the law regulating the variation of 4-8 with the concentration for the 


ammonium salts is not apparent from the experiments we have made. 
The value which we take as a measure of the equivalent alteration 


of the distribution coefficient is the simple mean of the a 
. k-k 
values, although the errors associated with the determination of — 
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decrease considerably with increasing concentration. The values of 8 
so obtained are given in the following table, in which the cationic 
components of the salts are arranged horizontally and the anionic 
components vertically. The order of these is such that the value of § 
decreases from left to right and increases from top to bottom. 


TaBie IV. 


Potassium. Sodium. Ammonium. Lithium. 


wots 


(0°9) 4°2% (2°0) 


00 “IG O19 CO DD DO 
rn WEH ONS 
aan wNNeKO 


Gp pt 


The numbers in brackets are the differences between the values of 
§ in the successive vertical columns. It is at once evident that the 
differences between the values of 8 for a series of salts in which the 
same two basic radicles are united with different acid radicles are 
constant. The mean difference between the potassium and sodium 
salts investigated is 1-2, between the sodium and ammonium salts 
1'], and between the ammonium and lithium salts 2°3. 

Exactly similar regularities are observable on comparing any two 
series of salts in which the same two acid radicles are combined with 
the various alkali metals, For example, the difference between the 
chloride and bromide of potassium is 1:1, of sodium it is 1°0, and of 
ammonium it is 1°2. 

It may be noticed that the numbers obtained by Konowaloff (J, 
Russ. Phys. Chem. Soc., 1899, 31, 985 ; Chem. Centr., 1900, i, 938) for 
the ammonia partial pressure of ammoniacal salt solutions show traces 
of these additive relationships. The partial pressures of normal 
ammonia solutions containing 1 gram equivalent of salt per litre were 
determined at 60° by the dynamical method. In the table (p. 506), 
the values of P, —P are given, P, denoting the pressure of ammonia 
over pure water and P that over the salt solution. 

Gaus (Zeit. anorg. Chem., 1900, 25, 236) has also investigated the 
ammonia pressure of salt solutions in a similar manner at 25°, the 
concentration of the solutions being 0°4 normal with respect to salt, 
and normal with respect to ammonia. The values of P,—P (same as 
above) are tabulated below, and for comparison the values of 8 obtained 
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TARLE V. 


Potassium, Sodium. |Ammonium,| Lithium, 


Chlorides 
Oxalate 
Sulphates ... 
Carbonates 


fa bt pk pet 
AIH COAT EVEN bo 
et 00-200 > 


by us are appended. With a single exception (potassium chloride), the 
order of the salts is the same in both series, and the same degree of 
parallelism is observable if Konowaloff’s series is compared with 
that contained in Table IV. 


TaBLE VI. 


NaOH. (NH,),80,. | (NH,).C,0,. KCl, NH,NO,. 


+3°5* +3°2 +0°6 


: +151, +0°97 +0°82 +1°00 -0°02 
“nad +4°2 


* Estimated. 


The existence of the above regularities, which are of exactly the sam 
nature as those found for many other properties of dilute solutions, 
indicates that the influence of dissolved alkali salts on the solvent 
power of water for ammonia is capable of being represented as the sum 
of two factors, one of which is dependent only on the cation of the 
salt, the other only on the anionic component. A knowledge of the 
value of these factors for the various ions enables us to predict with 
certainty the influence which would be exerted by the alkali salts not 
investigated. 

Before the significance of the numbers contained in Table IV is 
further discussed, it is necessary to ascertain to what extent they 
may be affected by the displacement of the base contained in the salt 
by the ammonia added. If in a solution there are present equivalent 
quantities of two slightly dissociated bases and an acid, the ratio of 
distribution of the bases will be that of their degrees of dissociation 
at the concentration of the solution under consideration. Although 
this proportionality does not exist in the case when one of the bases 8 
highly dissociated, yet it may be assumed to be so for our purpose. 
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In 0°5 normal solution, which represents the approximate coneentra- 
tion of the solutions used in our experiments both in regard to salt 
and to ammonia, the hydroxides of potassium, sodium and lithium 
are dissociated approximately to the extent of 80 per cent., whilst 
the dissociation of ammonium hydroxide is only about 0°7 per cent. 
From this consideration, it is apparent that the disturbing effect of 
this distributing action in our case is very small. In a discussion of 
Setschenoft’s (Zeit. physikal. Chem., 1889, 4, 117) experiments on the 
solubility of carbon dioxide in salt solutions, Rothmund (Zeit. physikal. 
Chem., 1900, 33, 402) rightly points out that in this case also the 
disturbing effect of chemical action with salts of strong acids can be 
totally neglected. 

In the case of solutions containing ammonium salts, the chemical 
action considered above completely disappears, but then one of the 
products of electrolytic dissociation of the dissolved salt is identical 
with the positive ion of the base formed by interaction of the dis- 
tributing substance with the solvent. As in the previous case, how- 
ever, the smallness of the percentage of ammonium ions in an aqueous 
solution of ammonia renders the effect produced by the presence of an 
ammonium salt negligibly small. To show still more clearly that the 
system investigated by us is of a simple character and is not 
materially affected by the complicating influences just mentioned, it 
is sufficient to note that an aqueous solution of ammonia contains 
probably for the most part molecules of the formula NH, of the same 
complexity as those in the gaseous state. A number of facts indicate 
that the proportion of ammonia molecules which enter into chemical 
combination with water molecules with production of ammonium 
hydroxide is very small, and it seems probable, moreover, that the 
degree of electrolytic dissociation referred to the ammonium hydroxide 
in solution, and not to the total quantity of ammonia, is of the same 
order of magnitude as that of the alkali hydroxides. . 

Table IV shows that sodium iodide increases the solvent power of 
water for ammonia, and from the observed regularities we can con- 
clude that this is the case for ammonium iodide and bromide, and in a 
still greater degree for lithium iodide, bromide, nitrate, and chloride, 
The behaviour of ‘these salts is analogous to that of the copper, zine, 
cadmium, and nickel compounds investigated by us previously (Joc. cit.), 
in which cases we have proved conclusively the formation of additive 
compounds with ammonia. The assumption of the formation of similar 
complexes in the above cases does not therefore appear to be an 
improbable one, and is supported by a number of facts. The lithium 
halides form a series of fairly stable solid additive compounds with 
ammonia, and ammonium nitrate absorbs ammonia readily at low 
temperatures, with production of a similar complex. The increase in 
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the solvent power for ammonia brought about by lithium salts jg 
similar to that produced by magnesium, calcium, and strontium salts, 
and this behaviour is in agreement with many other chemical pro- 
perties of the compounds of lithium. The observed behaviour of 
lithium compounds is therefore in complete accord with the position 
occupied by lithium in the periodic system, approximating in its 
chemical characteristics as a member of the first short period to the 
members of the second group. 

These considerations lead us to conclude that the experimental data 
for the action of the various alkali salts probably do not give us an 
accurate measure of the physical action exerted by the salts. The 
values of § represent the superposed influences of physical action and 
of the formation of chemical complexes, and the relative magnitude of 
this latter factor cannot be easily determined. It may with safety 
be assumed that it is greatest in the case of the lithium salts, and is 
probably very small for potassium salts. 

, According to the views of Abegg and Bodlinder (Zeit. anorg. Chem., 
1899, 20, 453), it would appear that ammonia in its capacity of forming 
the neutral component of complex ions is only able to combine with 
positive ions, whilst negative ions are not capable of forming such an 
ammonia complex. If such be the case, then the differences between 
the values of § for the various salts of any one metal must be regarded 
as expressing the differences in the purely physical action of the 
various anions. On the other hand, the differences between the values 
of 8 for the series of salts of any one acid have not this simple signific- 
ance by reason of the cationic complex formation. 

From the table (IV) it is evident that the greatest effect is pro- 
duced by the SO, and CO, ions, whilst the I, Br, and NO, ions are 
least effective. 

A parallel behaviour has been found in several other investigations 
on the influence of dissolved salts on the solubility of other non-cle- 
trolytic substances. Rothmund (loc. cit.) has given a summary of 
these researches, in which the solubility of hydrogen, nitrous oxide, 
carbon dioxide, ethyl acetate, and phenyltbiocarbamide have been 
investigated, and has shown that the order in which the dissolved 
electrolytes arrange themselves according to the magnitude of their 
influence on the solubility is the same in the case of each of these 
substances. The sulphates and carbonates exert the greatest action, 
the chlorides and nitrates less, exactly as we find in the case of 
ammonia. 

The fact that so many experimental investigations lead to the same 
result in regard to the activity of the anions of dissolved electrolytes 
in their influence on the solubility of non-vlectrolytes, is of funda- 
mental significance for the theory of solution. The constancy of the 
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phenomena, in spite of the varying nature of the dissolved non-electro- 
lyte, points to a change in the character of the solvent. 

In the investigations mentioned, the cations of the dissolved salts 
appear to exert a considerably smaller influence than the anions on 
the solubility of the non-electrolytes ; the results indicate, however, 
that ammonium and lithium are less active than potassium and 
sodium, which accords with the results of our experiments. 

In an investigation carried out to elucidate the nature of aqueous 
ammonia and amine solutions, Hantzsch and Sebaldt (Zeit. physikal. 
Chem., 1899, 30, 258) determined the effect of the addition of 
ammonium chloride to the ayueous solution of ammonia on the amount 
of ammonia removed from the latter by chloroform. The molecular 
ratio NH, to NH,Cl varied from 1:0 to 1:8. They state that, “in 
allen Fallen war fast genau die gleiche Menge Ammoniak in das 
Chloroform iibergegangen, gerade so als ob das Chlorammonium gar 
nicht vorhanden gewesen ware. Dies liiuft allen bisher gemachten 
Versuchen zuwider nach welchen durch vermehrten Zusatz des Salzes 
die Dissociation der Base zuriickgedriingt, mithin ein steigender 
Zuwachs derselben von dem zweiten Lisungsmittel aufgenommen 
werden miisste.” The apparent absence of any influence is to be 
found in the very small proportion of ions in an aqueous ammonia 


solution, and, according to our results, in the small value of 8 (0°9) 
for ammonium chloride, whereby the effect produced by the salt is 
completely overshadowed by the errors of experiment attending the 
determinations of these authors. 

The addition of ammonium salts or the hydroxide of potassium or 
sodium does not produce an effect which is directly proportional to the 


amount of salt added. On the contrary, the value o 


with increasing salt concentration, as has been remarked on p. 504. 
These substances contain an ion common to ammonium hydroxide ; as 
a result of the mass action of this common ion, the electrolytic 
dissociation of the ammonium hydroxide will be diminished, resulting 
in an increase in the concentration of the undissociated ammonia 
molecules, as is represented by the expression : 


NH, + OH’ = NH,OH = NH, + H,O, 


passing from left to right. It is impossible, however, to avcount for 

the anomalous behaviour of the substances on this ground, because, 

even if the introduced ion forced the dissociation to recede completely, 

the concentration of ammonia molecules could not be altered to a 

greater extent than a fraction of a per cent., whilst a difference of 

| per cent, on the numbers obtained, no matter how applied, would 
VOL, LXXIx. NWN 
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not yield a constant for the value of =a. It would appear, there. 
fore, that the ionic theory is not capable of explaining this different 
behaviour of the ammonium salts and the alkali hydroxides. 


In his paper on the absorption of nitrous oxide, Roth (Zeit. physikal, 
Chem., 1897, 24, 114) has on theoretical grounds made the deduction 
that the solubility of a non-electrolyte should be the same in dilute 
solutions of other substances as in pure water; in other words, Dalton’s 
law should be valid. The experimental investigation of solutions of 
some non-electrolytes has shown that this requirement of theory is 
approximately satisfied. In the case of solutions of electrolytes, much 
greater deviations have been observed, the influence of the dissolved 
electrolyte with respect to concentration being expressed by the 
a- a’ 

ms 
cording to our experience, in the case of ammonia, by the expression 
k-k', 

nu 

From our experiments with ammonia, it would appear possible (see 
Table IV) to have solutions of electrolytes the solvent power of 
which is not appreciably different from that of pure water. The 
effectiveness of dissolved electrolytes is dependent upon the special 
character of their ionic components. 

We have finally investigated the action of two non-electrolytes— 
urea and cane sugar—on the ammonia distribution, and the results 
are contained in the following table (4 = 26°25) : 


TaBLE VII. 


purely empirical formula, » given by Jahn (see p. 494), or, ac- 


0°6 
1°0 


Cane sugar : 


0° 7 0°3084 
0° 0°3116 


t Mol. per litre. 


* It is hardly necessary to point out that Jahn’s formula does not give 4 constant 
when applied to our results, 
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The effect of the dissolved non-electrolyte is therefore quite con- 
siderable, and greater than that produced by many of the alkali salts 
investigated. It apparently depends upon the specific character of 
the dissolved substance, and its variation with the concentration is 
the same as that found for the alkali salts. 

In the case of non-electrolytes as well as of electrolytes, therefore, 
Dalton’s law is not obeyed, and the changes which are apparently 
produced in the character of the solvent remain to be explained. 

In our former paper, no account was taken of the physical action of 
the dissolved material, but the alteration of distribution coefficient 
caused by this is negligibly small in the case of copper, zinc, cadmium, 
and nickel salts compared with that due to the formation of complexes. 
The physical action in these cases is that of the complex compound 
existing in solution, and it is impossible to accurately estimate the 
value of this. Even if the physical action be as great as that of any 
of the salts of the alkali metals examined, the conclusions arrived at 
in our previous communication would not be altered, whilst the 
actual numbers expressing the ratio of the ammonia combined per 
molecule of salt would be increased by not more than 2—3 per cent. 
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LV.—Influence of a Heterocyclic Group on Rotatory 
Power; the Ethyl and Methyl Esters of Dupyro- 
mucyltartaric Acid, 


By Percy F. Frankianp and Francis W. Aston, late 
Forster Research Scholar. 


It has been shown by one of us that there is.a great qualitative and 
quantitative difference in the rotatory effect of fatty acid groups 
(acetyl, chloracetyl, dichloracetyl, trichloracety], propionyl, phenacetyl, 
&,)on the one hand, and of aromatic acid groups (benzoyl and toluyl) 
on the other, as exemplified by the rotatory power of the esters of 
the various diacyl tartaric and glyceric acids, and of the several acyl 
malic acids. The following table illustrates the difference in question : 
Methyl glycerate ! fa} -—4°80° [M]p -5-76° 
»  diacetylglycerate 2 — 12°04 — 24:56 
»  di-monochloracetylglycerate * . — 12°91 — 36:1 
' P, Frankland and Macgregor, Trans., 1893, 63, 513. 
® Ibid., 1422. 


3 P, Frankland and Patterson, Trans., 1898, 73, 197. 
NN 2 


512 FRANKLAND AND ASTON: INFLUENCE OF A 


»  diphenacetylglycerate * 
dibenzoylglycerate 2 


eee eee eee 


[a] + 26:89 


Methyl di-dichloracetylglycerate?...... [a]p°-13°96° [M]¥- 47-79 
»  di-trichloracetylglycerate ! ~— 14:20 — 583 
»  dipropionylglycerate? ......... - 10°97 — 25°45 


[ajp*-16-06 [M}¥*-57-17 
[M}¥ +8820 


»  di-o-toluylglycerate® ............ [ajp°+20°719 [M}"+719 
»  di-m-toluylglycerate®............ + 26°40 +940 | 
| »  di-p-toluylglycerate*............ +41:21 +1467 | 
(MY, (Mp, 
i | SEES CRUUEOED 2... scrcvesesssentoncpsse + 15°86° + 276° \ 
H = diacetyltartrate* ............... +9°9 +183 4 
, »  di-monochloracetyltartrate >... +25°5 + 39-4 ‘t 
F na di-dichloracetyltartrate5...... + 65°8 + 68°9 p 
| 2 diphenacetyltartrate* ......... +792 +399 
i | »  dibenzoyltartrate® ............ — 247°1 ~ 2516 D 
i »  di-o-teluyltartrate® ............ — 266°5 — 241-9 
t oh di-m-toluyltartrate ®............ — 306°3 — 81°7 
, »  di-p-toluyltartrate® ............ — 484-4 — 3977 
|i ‘The qualitative difference in rotatory effect between the fatty and 
i aromatic acid radicles is similarly manifested in the following series of 
| the derivatives of diethyl malate : 
Didthhy] malate*......... ....ssoeseecoses [a] ~10-44° [Mp 1980 
: ” acetylmalate? .. ...........000 — 22°52 — 52:25 
»  propionylmalate’............... — 22°20 - 54°61 bot 
a butyrylmalate ’.. teeeteeeeeeeeees — 22°22 - 57°77 ik 
»  tsobutyrylacetate’ ............ — 21:99 -5717 BF a. 
” isovalerylmalate’ ............... — 22°07 — 60°47 qua 
»,  bromacetylmalate’ ......... .. — 22°48 ~6991 Ba 
ms benzoylmalate ®... ........ [a]s -3°37 [M]p -11:38 and 
»  otoluylmalate® ............... — 6°25 - 1925 ofa 
» wtoluyimalete® ..............: — 4°67 — 14:38 para 
»,  p-toluylmalate®............... .. [afi -022 [M]p” -068 - 
Similarly, in the derivatives of ethyl sarcolactate, we find the same ~ 
relations exhibited (P. Frankland and Henderson, Proc., 1895, 11, lave 
54): on t] 
1 P. Frankland and Patterson, Trans., 1898, 73, 197. ois 
: 2 P. Frankland and Macgregor, Trans., 1896, 69, 117. | 
’ P. Frankland and Henry Aston, Trans., 1899, 75, 493. iy 
+ McCrae and Patterson, Trans., 1900, 77, 1098, 1103. tp 
5 P, Frankland and Patterson, Trans., 1898, 73, 189, 191. the , 
6 Pp. Frankland and Wharton, Trans., 1896, 69, 1591. + 


Walden, Zeit. physikal. Chem., 1895, 17, 245—266. 
8 P, Frankland and Wharton, Trans., 1899, 75, 337—347. 
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Bthyl sarcolactate [a]y -—866° [M]¥-10-22° 
acetyllactate — 41°47 — 66°35 
benzoyllactate 4+ 22°29 449-33 


The lactic acid from which these compounds were prepared was after- 
wards found to be partially racemised, so that the absolute values 
iven for the rotations are, of course, too small, but the ratios are 
probably, and the qualitative relations certainly, correct. 


The monoacy! derivatives of diethyl tartrate form another series in 
which a comparison of the rotatory effect of the fatty and aromatic 
acid radicles has been rendered possible through the recent prepara- 
‘tion of the monoacetyl and monophenacetyltartrates by McCrae and 


Patterson. Thus: 
[M}, [Mmpo, 


Diethyl tartrate + 15°86° + 27°6° 
monoacetyltartrate ! +23 1 + 33°5 
mono-monochloracetyltartrate 2. +32°3 +489 
mono-trichloracetyltartrate*® ... +54°7 +617 
monophenacetyltartrate 4 + 98°5 +778 
monobenzoyltartrate * +61°4 +54°8 
mono-o-toluyltartrate 4 + 38°2 + 35°3 
mono-m-toluyltartrate + + 44-0 +40°8 
mono-p-toluyltartrate + + 63°5 +51°2 


This series, in which the qualitative effect of all the acid radicles, 
both fatty and aromatic, appears similar, consisting as it does in 
raising the initial rotation of the diethyl tartrate, has béen recently 
discussed by McCrae and Patterson (Joc. cit.), who point out that the 
qualitative difference between the rotatory effect of the two classes of 
acid radicles only becomes apparent when the effect of introducing one 
and two acid radicles respectively is compared, Thus the introduction 
of a second fatty acid group (including phenacetyl) causes only a com- 
paratively small diminution in the dextrorotation of the monoacyl 
compound, whilst the introduction of the second aromatic acid radicle 
(benzoyl and toluyl) gives rise to such an enormous diminution in the 
dextrorotation that the resulting diacyl compound is powerfully 
levorotatory. Judged by the standard of the influence of temperature 
on the rotations, it is seen that all the fatty acyl compounds of this 
series, as of the other, have their rotation increased by rise of tempera- 


' McCrae and Patterson, Trans., 1900, 77, 1096—1110. 

* P. Frankland and Turnbull, Trans., 1898, 73, 204. It should be noted that 
the preparation was not quite pure, and that the real rotation is doubtless greater. 

* P. Frankland and Patterson, Trans., 1898, 73, 186. 

*P, Frankland and McCrae, Trans., 1898, 78, 307—329. 
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ture, whilst the aromatic acyl (including phenacetyl) compounds haye 
their rotation diminished by rise of temperature. In the series of the 
diacyl ethyl tartrates, there is in this respect a curious, and so far as 
we are aware, unique anomaly presented by diethyl benzoyltartrate, 
the rotation of which attains a maximum for a temperature of about 
60° (P. Frankland and Wharton, Trans., 1896, 69, 1587). 

The marked qualitative contrast in rotatory effect between the 
isomeric phenacetyl and toluyl groups is doubtless to be referred to 
their structural difference, the carbonyl group being attached to the 
benzene ring directly in the case of the toluyl, and only indirectly in 
the case of the phenacetyl group. It becomes, therefore, of interest to 
know whether other cyclic groups besides the benzene ring have the 
power of conferring a rotatory effect qualitatively similar to that of 
the benzoyl] and toluy! radicles. 

With the view of determining this point, we have investigated the 
rotatory effect of the pyromucyl group, in which the carbonyl is 
directly attached to the heterocyclic furfuran ring : 


HO:CH 


ah aniie 


Pyromucic acid. 


In connection with this investigation, we have introduced ad- 
vantageous modifications in the methods of preparing pyromucic acid 
and pyromucy] chloride. 

By means of the latter we have prepared diethyl and dimethyl. 
dipyromucyltartrates, but have so far only determined the rotatory 
power of the former. 

The rotatory power of diethyl dipyromucyltartrate was found to be 
almost exactly intermediate between those of diethy] dibenzoyltartrate 
and diethyl di-m-toluyltartrate, namely, [M]$*= —266°5°. The 
rotatory effect of the heterocyclic furfuran ring is thus shown to be 
qualitatively similar to, and quantitatively of the same order as, that 
of the homocyclic benzene ring. 

The qualitative similarity in rotatory effect of the pyromucyl, benz- 
oyl, and toluyl groups is further exemplified by the fact that all the 
compounds referred to which contain these groups have their rotation 
diminished by rise of temperature, whilst those containing the fatty 
acid radicles* increase in rotatory power as the temperature rises; in 


* In respect of the effect of temperature, the dichloracetyl and trichloracety! 
groups approximate to the phenacetyl radicle ;"‘thus the rotation of ethyl di-dichlor- 
acetyltartrate is almost insensitive to temperature, whilst methyl di-dichloracetyl- 
tartrate has its rotation slightly{diminished by rise of temperature ; ethyl di-trichlor- 


acetylglycerate, again, has its rotation slightly diminished by rise of temperature. 
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this respect, however, it should be noticed that the phenacetyl group 
resembles the other aromatic and not the fatty groups. In fact the 
influence of temperature on rotatory power appears to differentiate 
between those compounds which contain and those which do not 
contain a cyclic group. This is at any rate true so far as the deriva- 
tives of glyceric and tartaric acids are concerned, and for these alone 
has this influence of temperature on rotation been fully investigated. 
In the case of malic acid, the aromatic acid derivatives increase in 
rotatory power with rise of temperature, but the influence of tempera- 
ture on the fatty acid derivatives has not yet been determined. 

We have in the course of this investigation devised a new method 
of continuous automatic esterification, by means of which we have 
prepared the methyl and ethyl tartrates which were required ; this 
we think may be found of wide application in the preparation of esters. 


EXPERIMENTAL. 


Preparation of Pyromucic Acid.—The method first adopted was that 
described by Volhard (Annalen, 1891, 261, 380), which consists in 
acting on furfural with alkaline permanganate. This, although 
yielding good results with small quantities, was found to be*extremely 
laborious when a large amount of the acid was to be prepared in one 
operation. Thus the pyromucic acid is formed in an extremely dilute 
solution, and its separation from the potassium chloride with which it 
is mixed cannot be effected by crystallisation, as both appear to have 
much the same solubility. After numerous modifications had been 
tried, we ultimately found the following method the most satisfactory. 

One hundred and fifty grams of calcium hydroxide are placed in a 
large open vessel capable of holding about 5 litres; half a litre of 
water is poured over the lime, a handful of ice and then 100 grams of 
furfural are added, the magma being thoroughly mixed by stirring. 
One hundred and ten grams of potassium permanganate, dissolved in 
2 litres of water, are now added very slowly at first and more rapidly 
towards the end, vigorous stirring being maintained throughout the 
whole operation, which occupies about 30 minutes. Ice is added from 
time to time, the temperature being thus maintained at about 10°, and 
on no account being allowed to rise above 20°. The coffee-coloured 
liquid is now heated for a short time on a bath of boiling water to 
complete the reaction and facilitate the subsequent filtration. The 
Whole is now filtered hot with the aid of a pump, the manganese 
sludge being washed with a little boiling water and well pressed with 
4 spatula, 

The filtrate, containing calcium hydroxide, and calcium and potassium 
Pyromucates, is placed in a large evaporating basin and hydrochloric 
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acid added in sufficient quantity to just set free the whole of the pyro. 
mucic acid, congo-paper being used as an indicator of free mineral acid, 
The liquid is now evaporated on the water-bath until the crystals of 
pyromucic acid appearing around the edge are only with difficulty 
redissolved by the hot mother liquor. After rapid filtration, the hot 
liquid is set aside to cool, the pyromucic acid separating out in brown 
needles which are mixed with a little potassium chloride. These 
erystals, when filtered off and washed slightly, are pure enough for 
transformation into pyromucyl] chloride by the process described below, 
The mother liquor is repeatedly extracted with ether, 
the ethereal extracts dried over fused sodium sulphate, 
and the pyromucic acid obtained by evaporation as a 
brown liquid which solidifies on cooling to a yellowish, 
crystalline mass. 

In this manner, from 100 grams of furfural 60—70 
grams of pyromucic acid were obtained by crystallisa- 
tion from the aqueous, and 10—20 grams from the 
ethereal liquid, or a yield of 70—80 grams altogether, 

Preparation of Pyromucyl Chloride.—This was at first 
prepared from the acid by heating with phosphorus 
pentachloride to 100°, and distilling the acid chloride 
at atmospheric pressure (Liés-Bodart, Annalen, 1856, 
100, 325), but the yield by this method was extremely 

© poor, most of the acid being apparently rapidly decom- 
posed by the pentachloride. 

Excellent results were, however, obtained by. means 
of the following method, in which the phosphorus penta- 
chloride is used in chloroform solution and is applied 
in an apparatus specially constructed for the purpose 
(Fig. 1). 

In the flask (B) is placed about twice the quantity 
of phosphorus pentachloride theoretically required to- 
gether with about 200 cc. of pure dry chloroform; 
the pyromucic acid is placed in the bulb of the extrac- 
tion apparatus (A), the lower extremity of which is 

plugged with glass wool, whilst the upper extremity is provided with a 
condenser (D) of the particularly compact type devised by one of us 
(Chem. News, 1899, '79, 217). The flask (B) is heated by means ofa 
~vater-bath, the manner in which the apparatus acts being obvious, and 
the heating is continued until the evolution of hydrogen chloride has 
almost ceased. Any mineral matter (potassium chloride) with which 
the pyromucic acid may be mixed remains on the glass wool plug 
owing to its insolubility in the chloroform. 

After the reaction is complete (about 6 hours), the chloroform is 
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distilled off on the water-bath from the flask (B), the residue left being 
then poured into'a fractionating flask and submitted to vacuum distilla- 
tion, Nearly all the phosphorus oxychloride passes over below 45° under 
10 mm. pressure, the receiver being then changed and all the distillate 
which will come off when the flask is heated in a bath of boiling water 
is collected. This is refractionated to get rid of phosphorus oxy- 
chloride. The boiling point of pure pyromucyl chloride is 66° under 
10 mm. pressure; it is a colourless, strongly refracting liquid, 
rapidly decomposing in strong light, and its vapour has an extremely 
irritating effect on the eyes. It is almost unacted on by cold water 
and even with boiling water the action is very slow, much slower than 
in the case of benzoyl chloride and water. 

This method gives a ‘practically quantitative yield of pyromucyl 
chloride. 


New Automatic Method for Preparation of Esters of Tartaric and 
other Non-volatile Acids. ; - 


We have found the following method of great advantage in pre- 
paring dimethyl and diethy) tartrates, and it may doubtless be of 
much wider utility. The arrangement of the apparatus will be 
sufficiently obvious from the accompanying sketch (Fig. 2). 


Fic, 2. 


In the flask (A) are placed 100—200 grams of the acid (it need 
neither be specially dried nor powdered), which is then just covered 
with the alcohol. In the flask (B) is placed about one and a-half 
times as much of the alcohol as is required for the esterification of the - 
whole of the acid taken ; this flask (B) also contains a quantity of solid 
desiccating agent (we have always employed fused potassium car- 
bonate). The whole apparatus forms a closed system which only com- 
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municates with the outer air through the open end '(@) of the tube 
(2) which is fitted to the lower extremity of the condenser tube, 

The flask (A) is immersed up to the neck in an oil-bath which js 
slowly heated to 130°, and as soon as most of the alcohol in (A) has 
distilled through the condenser (C) into (B), the latter is placed in a 
water-bath which is heated to boiling. The vapour from the boiling 
alcohol in-(B) passes up the fractionating’ column (D) and bubbles 
through the mixture of acid and alcohol in (A), whilst the water 
formed in the esterification process passes along with alcohol vapour 
from (A) through the condenser and to the bottom of (2B), where it is 
absorbed by the dehydrating agent. The interposition of the frac. 
tionating column (D) of course assists in the dehydration of the alcohol 
vapour passing from (B) to (A). Owing to the rigidity of the ap. 
paratus, a single clamp (not shown in the figure) on the condenser is 
sufficient for the support of the whole. 

For the esterification of the quantity of tartaric acid by means of 
methyl or ethy! alcohol as indicated above, we have found that about 
10 hours are requisite, and the operation can be temporarily in- 
terrupted at any time. The mixture of alcohol and ester in (A) is 
finally poured into a fractionating flask, and the two separated by 
vacuum distillation. Excellent yields amounting to 70—80 per cent. 
of the calculated quantity were thus obtained in the case of dimethyl 
and diethyl tartrates. 


Diethyl Dipyromucyltartrate, 
C O,Et Et CH—CH 
CH C-CO-0-CH——CH:0:CO:C CH 
\ 0” \o”% 


Thirty grams of diethyl tartrate and 75 grams of pyromucyl 
chloride (free from phosphorus oxychloride) were placed in a flask pro- 
vided with a reflux air condenser, to the open upper extremity of which 
a calcium chloride tube was attached. The mixture was heated by 
means of an oil-bath to 155°, at which temperature reaction, accom 
panied by evolution of hydrogen chloride, took place. The tempera- 
ture wa finally raised to and maintained at 160—170° until this gas 
ceased to be evolved. Much decomposition had apparently taken place 
as a quantity of tarry matter was visible. On cooling overnight 
crystals separated out, which when filtered off were found to dis 
solve in a dilute solution of sodium carbonate, and were evidently 
pyromucic acid. The filtrate (a dark treacle) was dissolved in ether 
(chloroform was also sometimes used) and agitated for a day and a half 
with a solution of sodium carbonate on a shaking machine. The ether 
solution was then separated, dried with fused sodium sulphate, and 
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evaporated. The residue, which smelt very faintly of pyromucyl 
chloride, was dissolved in methylated spirit and decolorised by boiling 
with animal charcoal. The alcohol was distilled off and the residue 
poured into a dish and placed in a vacuum desiccator to crystallise. 
After drying the crystals on a porous plate, the yield of crude product 
didnot amount to more than 10 grams. This was recrystallised from 
carbon disulphide until the melting point, 76°, was constant; the 
crystals were colourless, odourless, very soluble in alcohol or ether, a 
little less so in chloroform, benzene, or carbon disulphide, and quite 
insoluble in light petroleum. From a chloroform solution, on slow 
evaporation, the ester separated in long, flat plates.over half an inch 
in length. 

02203 gave 0°4435 CO, and 0°0975 H,O. C=54:90; H=4°92., 

C,,H,,0,9 requires C= 54°82 ; H=4°57 per cent. 

The substance could not be maintained in the liquid state below its 
melting point, hence all the density and polarimetric determinations 
were made above 76°. 

d 99°5°/4°= 11914; 109°5°/4°=1°1831 ; 140°/4°=1°1524. 


Rotation of diethyl dipyromucyltartrate. 
Temp. Gp. js. [a]p. {M]p. 
7=0°4991. g=1. 
99°5° — 40°23° — 80°60° — 67°65° — 266°54° 
109°5 — 39°22 — 78°58 - 66°42 — 261°69 
140 — 34°83 — 69°78 — 60°55 — 238°57 
[20 (calculated) — 81°56 — 321-44] 


The values for the specific rotation at the three observed temperatures, 
when plotted on a rotation-temperature diagram, lie practically on a 
straight line, and the value for 20° has therefore been calculated on the 
assumption that the influence of temperature on the rotation is uniform. 


Rotation of diethyl dipyromucyltartrate in ethyl alcohol solution. 
(= 2°998 dem.) 


Weight of Weight of Grams sub- 


stances in °/4° 
100 grams a0. 
solution. 


solution, substance, 
grams, gram, 


10-2395 0°0515 05038 0-7939 | -1718° |-98-54° 
102561 0°1191 | 1161 0°7966 | -2°42 | -87°62 


8°7215 0°1700 1-949 07993 | -—8°97 | -85°00 
175542 0°5140 2°928 0°8004 | -6°09 -86°66 
10 5345 0°5200 | 4936 0°8078 |-10°38  -- 86°82 


a 
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Thus the specific rotation in alcoholic solution at first very rapidly 
diminishes with increase in concentration from 0°50 to 1:16 per cent,, 
after which, to 4-94 per cent., it remains practically constant. The 
rotation at higher concentrations could not be investigated owing to 
the limited solubility of the compound. The rotation in alcoholic 
solution, from 1°95 to 4°94 per cent., approximates closely to the rotatory 
power of the liquid compound caleulated for 20° ({a }?” —81-56°). 


Dimethyl Dipyromucyltartrate. 


Dimethyl dipyromucyltartrate was prepared in the same way as the 
ethyl ester. It was crystallised from carbon disulphide until of constant 
melting point 131°. 

0°3322 gave 0°6385 CO, and 01178 H,O. C=52°41; H=3:94, 

C,gH,,0,) requires C=52°46 ; H=3°83 per cent. 


Molecular volume of diethyl dipyromucyltartrate. 
Taking d 15°/4° = 1:2728. 


Calculated from Traube’s formula (Ber., 1895, 28, 2724, 2924): 


C,,=9°9x18=1782; H,=31x18=55°'8; O,,=5:5x10=55; 
Co-volume = 25°9; mol. vol. =314°9. 

For compounds containing an ethylene linking, Traube deducts 1‘7; 
for a hexamethylene ring, 8:1 ; for a benzene ring, 13:2 (that is, 8:1 
for the 6-carbon ring, and 3 x 1‘7=5:1 for the three ethylene unions). 
The influence of the furfuran ring on molecular volume has not yet 
been determined. 


We beg to express our thanks to the Government Grant Committee 
of the Royal Society for funds placed at our disposal. 


THE UNIVERSITY, 
BIRMINGHAM. 


LVL.—Formation of Amides from Aldehydes. 
By Ropert Howson Picxarp, D.Sc., Ph.D., and W1i.1am CARTER. 


In general, the oxidation of an aldehyde in the presence of ammonia 
leads to the formation of the amide of the corresponding acid. Thus, 
when benzaldehyde is suspended in water, and oxidised with ammonium 
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persulphate in the presence of lime, with potassium persulphate in 
the presence of lime and ammonia, with ammonium persulphate in 
the presence of ammonia, with potassium permanganate in the presence 
of ammonia and lime, or with hydrogen peroxide in the presence of 
ammonia, varying yields of benzamide are obtained. 

The procedure best adapted for the preparation of amides in this 
manner is as follows. The aldehyde dissolved or suspended in water 
is shaken with a slight excess of ammonium persulphate and the 
quantity of lime required to neutralise the acid set free on the reduc- 
tion of the persulphate, and also to liberate the ammonia from the 
ammonium salts ; the mixture is heated at 70° for half an hour (care 
being taken to avoid the very violent reaction, which sets in at 80°) 
and then filtered, the residue being washed with dilute ammonia to 
ensure the complete solution of the amide. When cool, the filtrate 
is acidified with hydrochloric acid, to decompose any additive or 
condensation compound of the aldehyde with ammonia, and extracted 
with ether ; after washing-the ethereal solution with a solution of 
sodium bisulphite, and then with sodium carbonate solution, the 
amide is obtained on evaporation of the ether. The yield of amide 
amounts to 30—40 per cent. of the weight of aldehyde taken. Only 
asmall proportion of the aldehyde is oxidised to the corresponding 
acid, and the remainder can be recovered from the bisulphite solution 
and the residue left on filtration. By a repetition of the process, the 
yield of amide can be increased to 50—70 per cent. of the weight of 
aldehyde taken. 

The following aldehydes and alcohols, when treated in this manner, 
yield the corresponding amides :—benzaldehyde, m- and p-nitrobenz- 
aldehydes, anisaldehyde, acetaldehyde,* propylaldehyde, i-valeraldehyde 
and benzyl, ethyl, and m-propyl alcohols. Hydrobenzamide and 
acetaldehyde-ammonia, when oxidised with potassium persulphate in 
the presence of lime, yield respectively benzamide and acetamide. 
We did not succeed in obtaining any appreciable yield of the amides 
from the following :—o- and p-hydroxybenzaldehydes, furfuraldehyde, 
and cinnamaldehyde. This method also lends itself to the prepara- 
tion of alkyl-substituted amides ; thus, when benzaldehyde is oxidised 
With potassium persulphate in the presence of lime and methylamine 
or ethylamine, a good yield of benzoylmethylamine or benzoylethyl- 
amine is obtained. 

The formation of amides in this manner is probably due to the 
directoxidation of theadditive com poundsof the aldehydes with ammonia, 
that is, R-CH(OH)-NH, is oxidised to R-CO-NH,, the group :CH:-OH 
being as a rule easily oxidised to the group :CO. 

* The method given has to be slightly varied in the case of acetamide, owing to 
the slight solubility of this substance in ether. 
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We wish here to express our thanks to the Research Fund Committe 
of the Birmingham Natural History and Philosophical Society, who have 
kindly provided some of the materials for this work. 


MUNICIPAL TECHNICAL SCHOOL, 
BLACKBURN. 


LVII.—Additive Compounds of a- and B-Naphthylamine 
with Trinetro-derwatiwes of Benzene. 


By Joun J. Supporovas. 


In a previous communication (Trans., 1899, '75, 588), it was stated 
that when a-naphthylammonium 2 : 4: 6-trinitrobenzoate is boiled with 
alcohol, the solution turns deep red, and on cooling, deposits deep brick- 
red needles. 

This reaction has since been further studied, and it has been proved 
that the red substance is a direct additive compound of a-naphthyl- 
amine with s-trinitrobenzene, C,,H,"-NH,,C,H,(NO,),, and that it is 
produced by the elimination of carbon dioxide from the trinitro- 
benzoate. 

The same compound is also readily formed (1) by direct union of its 
constituents in alcoholic or benzene solution, (2) when a-naphthylam- 
monium trinitrobenzoate is carefully heated in an oil-bath at 145—150, 
(3), when a-naphthylamine hydrochloride and trinitrobenzene are 
boiled for some time with water. The compound is not produced, how- 
ever, when a benzene solution of a-naphthylammonium trinitrobenzoate 
is boiled for several hours, in fact it appears that only those solvents 
which eliminate carbon dioxide from the free acid (compare Lepsius, 
Ber., 1894, 27,1635) are capable of converting a-naphthylammonium 
trinitrobenzoate into the red compound. Only a minute quantity of 
the red crystals is obtained when an alcoholic solution of a-naphthyl- 
amine sulphate is boiled with trinitrobenzene. 

In composition, the red compound resembles the additive compounds 
obtained by Hepp (Annalen, 1882, 215, 344) from organic bases such 
as aniline, o-toluidine, &c., with trinitrobenzene. As regards proper- 
ties, however, there appears to be a marked difference between them. 
Hepp describes his products, which also have a bright red colour, as 
extremely unstable molecular compounds, which are resolved into their 
constituents (a) when crystallised from alcohol, (6) when gently warmed, 
and (c) when left exposed to theair. He also states that they are instan- 
taneously decomposed when treated with cold dilute mineral acids. All 
these observations I am able to confirm. a-Naphthylamine trinitro- 
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benzene, on the other hand, is an extremely stable substance ; it may 
be repeatedly crystallised from alcohol or benzene, or even from glacial 
etic acid, without undergoing resolution into its constituents. It 
may be left exposed to the atmosphere at the ordinary temperature for 
months without losing in weight or changing in appearance, and even 
when heated at 100° does not change in colour, although it gradually 
loses in weight. Dilute mineral acids act on it slowly in the cold, 
and the characteristic red colour gradually disappears; the decom- 
position is accelerated by heating the mixture to boiling, but if the 
colourless crystals which separate on cooling are removed, and then 
washed with a little cold water, the bright red colour is restored. 
Boiling hydrochloric acid appears to decompose the red compound into 
trinitrobenzene and a-naphthylamine hydrochloride, as the calculated 
amount of trinitrobenzene is obtained when the products of decom- 
position are extracted with ether. The fact that the products of 
decomposition turn red when collected and washed with cold water 
proves that even under these conditions the red compound can be pro- 
duced from trinitrobenzene and a-naphthylamine hydrochloride. 

The following compounds have also been prepared and examined : 
BNaphthylamine trinitrobenzene, a- and 8-naphthylamine trinitrotolu- 
ene, a- and B-naphthylamine ethyl trinitrobenzoate, a-naphthylamine 
methyl picrate, a-naphthylamine’ethy! picrate, a- and B-naphthylamine 
picramide. All these compounds are derived from symmetrical trinitro- 
derivatives ; so far, experiments have not been undertaken with other 
than symmetrical nitro-compounds, and, according to Hepp, isomeric 
trinitro-benzenes and -toluenes do not combine with aniline. Quite 
recently, however (Ber., 1900, 33, 2507), Reverdin and Crepieux have 
described a compound of a-naphthylamine with 3-chloro-4 : 6-dinitro- 
toluene which crystallises in orange needles melting at 98°. s-Trinitro- 
m-xylene and trinitromesitylene appear to be incapable of combining 
with organic bases. 

In certain respects these red compounds recall the metallic derivatives 
of trinitrobenzene, ethyl trinitrobenzoate, &c., described by Lobry de 
Bruyn (Rec. Trav. Chim., 1895, 14, 89, 150; 1896, 15, 848) ; Loring 
Jackson (Amer. Chem. J., 1897, 19, 199 ; Proc. Amer. Acad., 1898, 38, 
173; 1900, 35, 263) ; V. Meyer (Ber., 1894, 27, 3153; 1896, 29, 
848), and Hantzsch and Kissel (Ber., 1899, 32, 3137). 

With regard to the constitution of these compounds, it appears to be 
highly improbable that they can be “molecular compounds,” such as 
Hepp considers his products to be. Of the many constitutional 
formule which suggest themselves, the following are the simplest : 

(1) According to Bruni and Berti (Chem. Centr., 1900, ii, 532), nitro- 
derivatives which contain a hydrogen atom in the ortho-position 
relatively to a nitro-group undergo more or less dissociation in formic 
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acid solution; trinitrobenzene would therefore appear to have acid 
properties and might combine with amines to form salts of the 


ammonium type, for example, C,H NH<O gy (NO,),° 
6th Vo)s 


(2) The trinitrobenzene molecule might react in the tautomeric form, 
N°OH 


No, | \ No,’ 8 ® dinitro-derivative of quinonemonoxime and form 


Ps 
salts by the addition of an amine to the hydroxyl group. 
(3) The addition of the amine may take place by the conversion of 


a O:N:O group into a ON< Pe. C,,H, group in the same way as that 
in which Hantzsch and Kissel consider that sodium ethoxide is added 
on to a nitro-group (Joc. cit.). 

(4) The red compounds may have a quinonoid structure resembling 
that attributed by Loring Jackson to the compounds of trinitroanisole 
and sodium ethoxide : 


O:N-OH 


A oH 
| | SNH:C,,H, 


Ss 
Ne ait 


NO 
The formule 1 and 2 may be regarded as highly improbable, as the 
“compounds do not appear to be salts of amines. They are far too 
stable in the presence of acids for this to be the case, and arylamines 
like 2:4 and 2:6-dibromoanilines, which do not yield salts with 
strong organic acids, readily form additive compounds with trinitro- 
benzene. Against constitution 1 may also be urged the fact that 
trinitrobenzene is not a sufficiently strong acid to have any of its 
hydrogen directly replaced when treated with metallic sodium (com- 
pare Lobry de Bruyn, Joc. cit.), and therefore would not be likely to 
form salts with amines. As an additional argument against consti- 
tution 2 we have the fact that quinonemonoxime itself does not appear 
to combine with amines. 
As formula 3 or 4 was considered to be probable, and each contains 
a free hydroxyl group, the action of acetic anhydride and of 
alcoholic potash on a-naphthylamine trinitrobenzene was investigated 
in order to determine whether definite acetyl or metallic derivatives 
could be isolated. Acetic anhydride readily reacts with the red com- 
pound, destroying the characteristic colour and leaving yellow 
product, which crystallises from alcohol in sulphur-yellow needles 
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melting at 140°5°. This proved to be a monoacetyl derivative, 
CyHy0.N,Ac, but it contains the acetyl attached to nitrogen and 
not to oxygen, as identically the same product is formed when a mix- 
ture of molecular quantities of trinitrobenzene and acet-a-naphthalide 
is erystallised from alcohol. Further proof that it has this structure 
isafforded by the action of a methyl alcoholic solution of potassium 
hydroxide, which decomposes it into acet-a-naphthalide and a potassium 
derivative of trinitrobenzene. 

As it was possible that this monoacetyl compound also contained a 

OH 

hydroxyl group, (N0,),0,Hy NE NAc CH, the further action of acetic 
anhydride on the red compound and also on its monoacety] derivative 
has been studied. The products formed, however, are trinitrobenzene, 
diacet-a-naphthalide, and a small amount of the monoacety] derivative, 
thus indicating that the prolonged action of acetic anhydride decom- 
posed the monoacetyl compound into trinitrobenzene and acet-a-naph- 
thalide, which is then converted into diacetyl-a-naphthylamine (compare 
following paper). The action of a methyl alcoholic solution of 
potassium hydroxide has also been studied, but so far no well-defined 
metallic derivatives have been isolated. The products obtained from 
enaphthylamine trinitrobenzene and B-naphthylamine trinitrobenzene 
contain amounts of potassium varying from 9—16 per cent., and are 
apparently mixtures. These reactions will be further investigated at 
lower temperatures. 

At this stage of the work it is impossible to decide definitely 
between formule 3 and 4, and further experiments are in contempla- 
tion, which it is hoped may throw light upon this question. 


EXPERIMENTAL. 
a-Naphthylamine Trinitrobenzene, C,H,(NO,)3,C;)H,*N Hy. 


This compound may obtained by the following methods. 

1. From s-Trinitrobenzoic Acid.—Molecular quantities of the acid 
and of a-naphthylamine are separately dissolved in alcohol and the 
Solutions mixed, when a copious white precipitate of a-naphthyl- 
ammonium trinitrobenzoate is obtained. A further quantity of alcohol 
is added and the whole boiled in a reflux apparatus for about an hour ; 
the liquid turns deep red and all the colourless salt gradually goes into 
solution, When allowed to cool, deep brick-red, glistening, prismatic 
needles are deposited from the solution, and a further quantity of these 
may be obtained from the mother liquor, the yield being about 90 per 
cent. of the theoretical. 

The same compound is formed in small quantity by boiling the 
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trinitrobenzoate with water. It may be readily obtained by carefully 
heating the trinitrobenzoate in a test tube in an oil-bath at 145°; the 
colourless salt gradually assumes a pink tint and carbon dioxide jg 
slowly evolved. If the temperature is kept at 145—150°, the reaction 
is complete in about 2 hours, and the yield is practically theoretical. The 
compound is pure after one crystallisation from benzene. 

In this method of preparation, it is essential that the temperature 
should be carefully regulated, as if it is allowed to rise much above 150° 
the whole mass melts after some time and nothing but a black, tarry mass 
is obtained. 

2. From Trinitrobenzene.—One of the simplest methods for the 
preparation of the red compound is by the crystallisation of a mixture 
of molecular proportions of s-trinitrobenzene and a-naphthylamine 
from either boiling alcohol or benzene. 

When equivalent quantities of trinitrobenzene and a-naphthylamine 
sulphate are boiled in alcoholic solution, the liquid turns deep red, but 
even after boiling for half an hour the greater part (80 per cent.) of 
the trinitrobenzene separates on cooling. 

a-Naphthylamine trinitrobenzene forms well-developed, brick-red, 
glistening prisms melting at 214° to a deep red liquid. It dissolves 
readily in the following solvents when hot :—acetone, chloroform, 
benzene, alcohol, or glacial acetic acid, and is deposited unaltered from 
most solvents, on cooling, as brick-red, prismatic needles, but from benz 
ene as glistening, red plates, and from acetone as well-developed, ruby-red 
prisms. It dissolves but sparingly in light petroleum (b. p. 100—110*), 
moderately in ether, and is practically insoluble in water or carbon 
disulphide. On analysis : 


0°196 gave 27°2 c.c. nitrogen at 12° and 730 mm. N=15'8. 
0% »  0°3 trinitrobenzene * (m. p. 121°) = 60. 
C,¢H,,0,N, requires N=15-7 ; trinitrobenzene = 59°9 per cent, 


a-Naphthylamine trinitrobenzene is much more stable than aniline 
trinitrobenzene (Joc. cit.), or the compounds of trinitrobenzene with 
substituted anilines. Comparative experiments have been made by 
exposing o-toluidine trinitrobenzene, which crystallises in bright red 
needles melting at 126°, and a-naphthylamine trinitrobenzene to atmo 
spheric influences at the ordinary temperature for several weeks. The 
naphthylamine derivative does not alter in weight in the least when 

* Estimation of trinitrobenzene. A given weight of the substance was boiled for 
a few minutes with dilute hydrochloric acid, and then extracted four times with ether ; 
it was found necessary to shake thoroughly and to add sufficient water to dissolve 
the a-naphthylamine hydrochloride. If some of the precipitate remained undissolved, 
the percentage of trinitrobenzene usually was too low and the precipitate when col- 
lected and washed with water turned deep red, indicating the presence of trinitro- 


benzene, : 
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left exposed for 2 months, and even when heated in a steam oven at 
100° it loses in weight only gradually and does not change colour. 


05 gram, 
after 5°5 12°5 30 44 68 hours, 
lost 0°0032 0°0087 00170 0°0228 0°0344 gram. 


The o-toluidine compound however, loses in weight even at the 
ordinary temperature, and after several months is completely con- 
verted into colourless crystals of trinitrobenzene melting at 121°, 


0:25 gram, 
after 3 5 22 29 43 57 69 82 days, 
lost 0°0014 0°0022 0:0065 0:0090 0:0140 0°020 0-025 0-033 gram. 


Solutions of a-naphthylamine trinitrobenzene in different solvents 
differ in colour, the shades varying from a deep blood red in acetone 
toa reddish-yellow in acetic acid. The intensity of the colour di- 
minishes rapidly as the solutions are diluted. The compound may be 
crystallised from hot glacial acetic acid, in which it is readily soluble, 
without undergoing decomposition. The addition of water to a very 
dilute solution in acetic acid precipitates the unaltered compound in the 
form of a bright red precipitate. 

Mineral acids decompose it but slowly in the cold, rapidly on warm- 
ing, and, as already stated, when the products of decomposition are 
washed with water they assume a bright red appearance, owing to 
the re-formation of a certain amount of the red compound. 

Action of Acetic Anhydride.—A monoacety] derivative, C,,H,,O,N,Ac, 
is readily obtained when the red crystals (2 grams) are heated for a 
minute or two with acetic anhydride (3 .c.). The red colour disap- 
pears, and, when the resulting orange-yellow liquid is poured into 
water, a yellow precipitate is formed. This, when recrystallised from 
dilute alcohol, gives an almost theoretical yield of the monoacetyl 
derivative, which crystallises in long, hair-like needles of a sulphur- 
yellow colour, melts at 140°5°, is fairly readily soluble in the usual 
organic solvents, and may be crystallised from acetic acid without 
decomposition. On analysis : 


0198 gave 24:3 c.c, nitrogen at 16° and 760mm. N=14:3. 
05  ,,  0°269 trinitrobenzene (m. p. 121°) =53°8, 
C,H, ,0,N, requires N = 14:1 ; trinitrobenzene = 53°6 per cent. 


As dilute hydrochloric acid does not appear to decompose the acetyl 
derivative in the cold, the compound was boiled with it for an hour ; 
complete solution took place, and from the clear, colourless liquid, 
which had a strong odour of acetic acid, crystals of trinitrobenzene 
together with a little a-naphthylamine hydrochloride were deposited 

002 
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on cooling. The whole was extracted four times with ether, the 
ethereal solution dried over calcium chloride, and the ether slowly 
evaporated from a tared flask. 

The same acetyl derivative is formed when a mixture of trinitro. 
benzene and acet-a-naphthalide is crystallised from alcohol. Its melt- 
ing point, 140°5°, was not lowered when the substance was mixed 
with the product just described. The acetyl group in the monoacety] 
derivative is therefore, presumably, attached to nitrogen. 

a-Naphthylamine trinitrobenzene, when boiled with an excess of 
acetic anhydride for an hour, does not yield a diacetyl derivative, but 
gives a mixture of the yellow needles of the monoacetyl derivative 
melting at 140°5°, of colourless plates of trinitrobenzene melting at 
121°, and of well-developed, hard, rhomboidal prisms of diacetyl-c 
naphthylamine, which, after crystallisation from alcohol, melt at 
130° (compare following paper). On analysis: 


0:403 gave 20°6 c.c. nitrogen at 12° and 762 mm. N=6-08. 
C,,H,,0.N requires N = 6°16 per cent. 


When a cold methyl alcoholic solution of potassium hydroxids 
(1 mol.) is slowly added to a benzene solution of the monoacety] deri- 
vative, a deep red precipitate is formed, which, after washing with 
warm benzene, is found to contain 13°3 per cent. of potassium, and 
the benzene filtrate gives colourless crystals which, after one crystal- 
lisation, melt at 159°. Methyl alcoholic potash thus converts the 
monoacetyl derivative into Lobry de Bruyn’s potassium derivative of 
trinitrobenzene, C,H,(NO,)3,.KOMe,4H,O (K=13°3 per cent.), and 
acet-a-naphthalide. 

The action of methyl alcoholic potash on a-naphthylamine trinitro- 
benzene has also been studied. As the red crystals are so sparingly 
soluble in cold organic solvents, they were finely ground, moistened 
with a little methyl alcohol, and then treated with the alcoholic 
potash (1 mol.) ; a red, crystalline product was obtained, which, after 
washing with warm benzene, was found to contain in different speci- 
mens 11°25, 12°93, and 13:2 per cent. of potassium. 


8-Naphthylamine Trinitrobenzene. 


This compound has been prepared by methods exactly similar to 
those used for the a-compound. 

(1) Boiling B-naphthylammonium trinitrobenzoate (Trans., 1899, 
'75, 588) with alcohol. As the product is more readily soluble 
alcohol than the isomeric a-compound, it is not necessary to use 5 
large a volume of alcohol. As the solution cools, A-naphthylamine 
trinitrobenzene is deposited in the form of deep red, lustrous needles, 
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_ (2) When the trinitrobenzoate is carefully heated in an oil-bath, 
carbon dioxide begins to be evolved at 135°, and the reaction is com- 
plete after about 2 hours’ heating at 145°. 

(3) When a mixture of B-naphthylamine and s-trinitrobenzene in 
molecular proportion is crystallised from benzene or alcohol, the yield 
of the compound is practically theoretical. 

(4) When a mixture of trinitrobevzene (05 gram) and B-naphthyl- 
amine hydrochloride (0°45 gram) is boiled for half an hour with water 
(50 c.c.); even in the cold the hydrochloride turns a deep red colour, 
The yield amounts to 70 per cent. of the theoretical. 

f-Naphthylamine trinitrobenzene crystallises in deep brick-red, 
prismatic needles, in appearance very similar to the a-compound. It 
melts at 162° and is more readily soluble than its isomeride in most 
organic solvents, including hot carbon disulphide or light petroleum 
(b. p. 100—110°). It may be recrystallised from acetic acid without 
undergoing decomposition, and may also be left exposed to the atmo- 
sphere at the ordinary temperature for several months willow losing 
in weight or altering in appearance. On analysis: 


0'2 gave 28 c.c. nitrogen at 17° and 735 mm. N=15°7. 
05 ,,  0:3004 trinitrobenzene (m. p. 121°) =60°08. 
C,,H,,0,N, requires N=15-7 ; trinitrobenzene =59°9 per cent. 


According to Loring Jackson and Gazzolo (Proc. Amer. Acad., 1900, 
35, 263), trinitrobenzene and similar compounds are capable of com- 
bining with 3 mols. of sodium ethoxide, ethyl sodiomalonate, d&e. ; 
with amines, however, they appear to be capable of combining with 
only 1 mol., as even when a mixture of trinitrobenzene (1 mol.) and 
f-naphthylamine (2 mols.) is crystallised from benzene, the substances 
isolated are the compound, C,H,(NO,),,C,,H,"NH,, melting at 162° 
and unaltered £-naphthylamine. 

Acetyl Derivative.-—When the red crystals (2 grams) are left in 
contact with acetic anhydride (3 c.c.) for a few minutes, the mixture 
becomes quite hot, the red colour disappears, and an orange mass 
of the monoacetyl derivative is obtained. The reaction between 
the B-compound and acetic anhydride takes place more readily than is 
the case with the a-compound, and does not need the application of 
external heat to complete it. The acetyl derivative, C,,H,,O,N,Ac, 
crystallises from alcohol in sulphur-yellow, hair-like needles exactly 
resembling the acetyl derivative of the a-compound. It melts at 142°, 
and in solubility and general properties resembles the a-isomeride. 
The melting points are also very close together, but a mixture of the 

a- (m. p. 140°5°) and B- (m. p. 142°) compounds begins to melt at 130°. 
On analysis ; 
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0201 gave 24°6 c.c. nitrogen at 13° and 750 mm. N=14-27, 
0°5 », 0°2675 trinitrobenzene (m. p. 121°) =53-5. 
C,,H,,0,N, requires N=14-1; trinitrobenzene =53°6 per cent, 


Identically the same acetyl derivative is formed when a mixture 
of acet-8-naphthalide and trinitrobenzene in molecular proportion ig 
crystallised from dilute alcohol. 

When f-naphthylamine trinitrobenzene is treated with acety] 
chloride, the red colour is ‘mmediately destroyed, a vigorous action 
results, and when the product_is poured into water and crystallised 
from alcohol, colourless plates of trinitrobenzene melting at 121° are 
obtained. The prolonged action of acetic anhydride also decomposes 
the red crystals, and among the products formed are the monoacety! 
derivative, acet-8-naphthalide, trinitrobenzene, and a dark coloured 
substance. 

a-Naphthylamine Trinitrotoluene. 


Equivalent quantities of a-naphthylamine and trinitrotoluene are 
separately dissolved in alcohol and the solutions then mixed ; as the 
solution cools, long, dark red, prismatic needles melting at 141-5° separ- 
ate. The yield is practically theoretical, and the different fractions all 
melt at the same temperature. On analysis : 


0°22 gave 29°4 c.c. of nitrogen at 18° and 737 mm. N=15-0. 
0528 ,,  0°322 trinitrotoluene (m. p. 81°) =61. 
C,,H,,0,N, requires N=15-1 ; trinitrotoluene = 61-4 per cent. 


a-Naphthylamine trinitrotoluene dissolves readily in most organic sol- 
vents, is only sparingly soluble in light petroleum (b. p. 100°), and the 
solution is pale yellow in colour, although on cooling dark red needles 
are obtained. The chloroform solution is deep red and deposits red 
prisms on cooling. 

A definite compound of trinitrotoluene and acet-a-naphthalide has 
so far not been isolated ; when equivalent quantities of the constituents 
are crystallised from benzene or alcohol, the naphthalide crystallises 
unaltered, and even when a large excess of trinitrotoluene is used 
colourless crystals of the acet-a-naphthalide are formed ; when acetone is 
employed as the solvent and a large excess of trinitrotoluene is 
employed, yellow needles are obtained, but when thees are washed 
with either acetone or benzene they become colourless, and after crys- 
tallisation from alcohol have the melting point of acet-a-naphthalide. 


B-Naphthylamine Trinitrotoluene. 


8-Naphthylamine trinitrotoluene forms bright red, prismatic needles 
lighter in colour than the a-compound. It melts at 113:5° and is 
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readily soluble in most organic solvents, and moderately so in hot 
carbon disulphide or light petroleum. On analysis: 


02125 gave 28°2 c.c. nitrogen at 14° and 737 mm. N=15'l. 
05100 ,,  0°317 trinitrotoluene (m. p. 81°) =62°1. 
C,,H,,0,N, requires N= 15-1 ; trinitrotoluene =61°4 per cent. 


Acetyl Derivative, C,,H,,0,N ,-CO-CH,.—The acetyl derivative is best 
obtained when a mixture of acet-8-naphthalide and an excess of 
trinitrotoluene is crystallised from benzen or acetone. Jt separates 
in yellow needles melting at 106°, but \..en crystallised from much 
benzene or ethyl alcohol is partially converted into its constituents. 


0:5 gave 0:2794 trinitrotoluene (m. p. 81°) =55°9, 
C,,H,,0,N, requires trinitrotoluene =55-0 per cent. 


a-Naphthylamine Ethyl Trinitrobenzoate, CO,Et’C,H,(NO,),,0,,H,"NH,, 


This compound is obtained as deep prune coloured needles when hot . 
alcoholic or benzene solutions of a-naphthylamine (0°5 gram) and 
ethyl trinitrobenzoate (1 gram) (compare Trans., 1895,67, 600) aremixed 
and allowed to cool. It melts at 135—136°, is moderately soluble in 
carbon disulphide or light petroleum, and readily so in most other organic 
solvents, It is easily decomposed by acetic acid or mineral acids, and 
even when boiled with alcohol. On analysis : 


0:208 gave 24'l-c.c. nitrogen at 18° and 749 mm. N=13°18. 
05068 ,, 0°332 ethyl trinitrobenzoate (m. p. 153°) =65°5. 
C,)H,,0,N, requires N=13°1 ; ethyl trinitrobenzoate = 66°6 per cent. 


B-Naphthylamine Ethyl Trinitrobenzoate. 


When a hot alcoholic solution of the two constituents is allowed to 
cool, crystals of ethyl trinitrobenzoate are first deposited, and then 
prune coloured needles, but if the hot solution is poured into water 
&.purple precipitate is obtained. This melts at 127°, and when 
crystallised from a mixture of light petroleum and a little benzene is 
deposited in the form of long, hair-like needles of a deep prune 
colour which melt at 127°. 


021 gave 24:3 c.c, nitrogen at 19° and 749 mm. N=13'1. 
03 ,, 0203 ethyl trinitrobenzoate (m. p. 153°) =67°6. 
C,5H,,0,N, requires N= 131; ethyl trinitrobenzoate =66°6 per cent. 


It is readily soluble in cold chloroform, benzene, or acetone, yielding 
prune coloured solutions. When dissolved in hot light petroleum, the 
colour fades to a considerable extent, but reappears on cooling, and 
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prune coloured needles are deposited. Glacial acetic acid and dilute 
hydrochloric acid instantaneously destroy the colour, and it does not 
reappear on the addition of water. 


a-Naphthylamine Picramide, NH,*O,H,(NO,),,C,,H,-NH,. 


This compound is formed when a mixture of equivalent quantities of 
the constituents is crystallised from benzene or alcohol. It forms 
deep purple, glistening, prismatic needles, melts at 203°, and is fairly 
readily soluble in most organic solvents, yielding purple solutions, but 
appears to be partially decomposed by hot carbon disulphide or glacial 
acetic acid, as these, on cooling, give mixtures of purple needles with 
yellow prisms melting at 188°. On analysis : 


0°1564 gave 26°3 c.c. nitrogen at 18° and 739 mm. N=18'9, 
05047 ,, 0°311 picramide =61°6. 
C,,H,,0,N, requires N=18°9 ; picramide = 61°4 per cent. 


B-Naphthylamine Picramide. 


This is readily obtained when a hot benzene solution of the con- 
stituents is allowed to cool. It forms hard, brilliant, prismatic 
purplish-black needles, and melts at 161°5°. On analysis : 


0°15 gave 25°4 c.c. nitrogen at 19° and 737 mm. N=18°'9. 
05 ,, 03078 picramide =61°6. 


a-Naphthylamine Ethyl Picrate, OEt‘C,H,(NO,),,C,,H,"NH,. 


This compound is readily obtained when the constituents are dissolved 
in benzene and the solution diluted with light petroleum (b. p. 80—85°). 
It forms glistening, flat, brick-red needles, melts at 79°5°, and dis- 
solves fairly readily in most organic solvents. It crystallises from 
light petroleum in pale red needles, but when dissolved in ethyl 
alcohol or acetic acid is decomposed into its constituents, as colourless 
crystals are obtained when these are diluted with water. It is fairly 
readily decolorised by dilute mineral acids, On analysis: 


0°2125 gave 26:1 c.c. nitrogen at 19° and 751 mm. N = 13°95. 
0510 ,, 0:321 ethyl picrate (m. p. 77°) =63-°0. 
©,,H,,0,N, requires N=14; ethyl picrate = 64-2 per cent. 


a-Naphthylamine Methyl Picrate. 


This compound, obtained in a similar manner to the ethyl derivative, 
forms small, dark-red needles melting at 75°. On analysis : 
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02062 gave 26°0 c.c, nitrogen at 17° and 753mm. N=14°5. 
05 »  0°3144 methyl picrate =62°9. 
C,,H,,0,N, requires N=14'5 ; methyl picrate =63 per cent. 


It has been found impossible to isolate definite compounds of 
Bnaphthylamine with either methyl or ethyl picrate. That such 
compounds are actually formed is shown by the deep red colour pro- 
duced when solutions of the two constituents are mixed ; the products, 
however, are too readily soluble in benzene to be isolated, and are 
decomposed when warmed with alcohol. A small quantity of bright 
red, glistening plates was obtained from f-naphthylamine and methyl 
picrate when warm light petroleum was employed, but the amount 
isolated was too small for analysis, the chief product being an orange- 
yellow, amorphous powder insoluble in light petroleum or in alcohol, 
and not melting at 220°. 

It would appear that all the compounds derived from a- or B-naph- 
thylamine and substituted trinitrobenzenes are less stable, and more 
readily decomposed into their constituents, than the compounds of the 
same bases with trinitrobenzene itself. The substituted trinitro- 
benzenes whose substituents are relatively small, (CH,,NH,), appear to 
yield more stable derivatives than those in which the substituents are 
larger. 


The expense connected with this work has been defrayed by a grant — 
from the Research Fund of the Chemical Society. 


UNIVERSITY COLLEGE, 
NotrincHAM. 


LVIII.—Acetylation of Arylamines. 


By Joun J. SupBoRovGH. 


In the preceding communication (p. 528), it has been shown that 
when a-naphthylamine trinitrobenzene is warmed for a few minutes 
with an excess of acetic anhydride, a monoacetyl derivative, 
C,H,(NO,),,C,,H,;-NHAc, is formed, but that when the heating is 
prolonged for an hour decomposition ensues, and the products are 
trinitrobenzene and diacetyl-a-naphthylamine. This result pointed to 
the remarkable readiness with which a-naphthylamine or its mono- 
acetyl compound is converted into a diacetyl] derivative, and it was 
considered advisable to try a few comparative experiments with a- and 
B-naphthylamines. 

Some few years ago, Kay (Ber., 1893, 26, 2851) showed that 
diacetyl derivatives of aniline and o- and p-toluidine can be obtained 
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by the action of acetyl chloride on the monoacetyl compounds at g 
temperature of 180°.. The following year, Bistrzyki and Ulffers (Ber, 
1894, 27, 91) showed that acetic anhydride could be substituted for 
the chloride, and that if the temperature be raised to 200—205°, a 90 
per cent. yield of the diacetyl compound may be obtained. About 
the same time, Ulffers and von Janson (Ber., 1894, 27, 93) investi. 
gated the action of acetic anhydride on a number of substituted 
anilines, mostly at fairly high temperatures, and concluded that acid 
substituents (Cl, Br, NO,) in ortho-positions tend to retard the forma. 
tion of a monoacetyl derivative, but that when the one acetyl group 
has been introduced the same ortho-substituents facilitate the forma- 
tion of a diacetyl compound. Thus an arylamine, like s-tribromo- 
aniline, which contains two bromine atoms in ortho-positions with 
respect to the amino-group, is practically not acted on by acetic 
anhydride in the cold, but when boiled with an excess of the anhydride 
for an hour, gives a good yield of the diacetyl derivative. 

No experiments have been described with arylamines containing 
positive substituents. As the work undertaken with the naphthyl. 
amines indicated that the a-compound is more readily diacetylated than 
the isomeric B-compound (pp. 539, 540), it was decided to compare 
the behaviour of arylamines containing a methyl group in an ortho- 
position with that of arylamines free from an ortho-substituent. The 
bases selected were aniline, o- and p-toluidine, and y-cumidine, and 
the action of acetic anhydride on them and on their monoacetyl 
derivatives has been studied. 

The arylamine (1 mol.) was boiled for an hour with acetic 
anhydride (4 mols.) in a flask fitted with an air condenser and 
calcium chloride tube. The conditions were, as far as possible, kept 
the same, and at the end of the given time the excess of acetic 
anhydride was distilled off under reduced pressure, and the mono- and 
di-acetyl derivatives separately isolated by fractional crystallisation or 
by distillation under reduced pressure. ‘The results obtained indicate 
that a base with a methyl group in an ortho-position, as in o-toluidine 
and y-cumidine, gives a better yield of diacetyl derivative than one in 
which an ortho-substituent is not present. 

When the monoacetyl derivatives were employed, 1 mol. was boiled 
for an hour with 2 mols. of acetic anhydride, and the product then 
treated as in the previous cases. The results obtained were very 
similar to those given by the bases themselves. 

These results, taken in conjunction with those of Ulffers and von 
Janson, indicate that a substituent, whether of positive or negative 
character in the ortho-position to an amino-group of a primary aryl 
amine, facilitates the formation of a diacetyl derivative. The results 
obtained so far do not enable conclusions to be drawn as to the 
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differences in the accelerating actions of different substituents, but I 
hope shortly to be able to undertake experiments with the object of 
wttling this point. 

The experiments described in this paper establish beyond doubt 
that the ordinary arylamines are much more readily diacetylated than 
is generally believed ; for example, when aniline (1 mol.) and acetic 
anhydride (4 mols.) are boiled for an hour, 53 per cent. of the amine 
isconverted into the diacetyl derivative, and other amines give even 
better yields. 

The accelerating effect of ortho-substituents on diacetylation appears 
tobeall the more remarkable when compared with previous work on di- 
ortho-substituted acids (Ber., 1894, 2'7, 510, 1580, 3146 ; Trans., 1895, 
67,587, 601 ; 1897, '71, 229), in which it has been shown that various 
reactions, most of which can be regarded as of an additive nature, are 
retarded by the presence of ortho-substituents. Emil Fischer too 
has shown (Ber., 1900, 33, 345, 1967) that the presence of 
ortho-substituents in a tertiary aromatic amine of the type 

xX 


(NMe, completely inhibits the formation of quaternary 
Y 


ammonium compounds. 
Ulffers and von Janson’s observations that ortho-substituents retard 


the formation of monoacetyl derivatives renders the subject even 
more complex, as these same groups facilitate the introduction of a 
second acetyl group. 

One of the simplest explanations of the process of acetylation by 
the aid of acetic anhydride, refers the production of the acetyl deriva- 
tive to the formation of an additive compound of the arylamine and 
anhydride, which subsequently decomposes into the monoacetyl 
derivative and acetic acid : 


RNH, + Ac,O = R‘NH,<QA° = R-NHAc + HOAe. 


The formation of a diacetyl compound may also be assumed to 
proceed in a similar manner, 


RNAcH + Ac,O = R-NAcH<O“° = R-NAc, + HOAe., 


If this actually represents the course of the reaction, then by analogy 
with other additive reactions the ortho-substituents would be expected 
to exert an inhibiting influence, whereas although they do seem to re- 
tard it to a certain extent in the first stage, they accelerate it in the 
second, 

Are we to conclude that the processes of mono- and of di-acetylation 
are essentially different, or can a simple explanation be offered 4 
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An explanation which presented itself to me, but for which 
present absolutely no experimental proof can be produced, is 4 
follows. 

The additive products of the arylamines with acetic anhydride, th 
monoacetylarylamine acetates, will almost certainly be of varying 
degrees of stability, and as the diacetyl derivatives can only be formed 
after the decomposition of the additive .compound, it would follow 
that the monoacetyl derivatives whose acetates are the least stable ar 
most readily diacetylated. 

It is a well-known fact that substituents in a succinic acid facilitate 
the removal of water and the formation of succinic anhydrides ; in a 
similar manner, the ortho-substituent may facilitate the removal of 
acetic acid from the additive compound, and in this way accelerate the 
formation of a diacetyl derivative. 

All attempts to isolate the additive compounds have proved fruitless, 

When acetanilide is crystallised from glacial acetic acid, or from a 
mixture of acetic acid and chloroform, the unaltered anilide is obtained, 
Further, when p-toluidine (1 mol.) is mixed with acetic anhydride 
(1 mol.) in a vessel surrounded by ice, the product does not set to a solid 
mass of aceto-p-toluidide acetate, but has a pasty appearance, and a 
strong odour of acetic acid, and when kept over sulphuric acid for some 
time leaves the monoacetyl derivative. 


EXPERIMENTAL. 
Acetylation. of Aniline. 


Aniline (10 grams) was boiled for 1 hour with acetic anhydride (44 
grams) and the excess of anhydride and acetic acid distilled off under 
reduced pressure, the distillation being continued until the temperature 
rapidly rose to about 120°. The residue in the flask was mixed with 
a little benzene, and, on cooling, crystals of acetanilide were deposited ; 
a little light petroleum (b. p. 80—90°) was then added, when a further 
quantity of acetanilide was obtained. The mother liquor was evapo- 
rated, and the residue crystallised from a considerable amount of light 
petroleum (b. p. 40—50°), when the diacetyl derivative was obtained in 
the form of glistening plates melting at 37°. The small amount of 
residue, insoluble in light petroleum, gave, on crystallisation from 
benzene, a further quantity of acetanilide. 

The amounts obtained were : 


Monoacety] 
Diacetyl 


Acetanilide (10 grams) and acetic anhydride (16 grams) were then 
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oiled for an hour, and the product treated in exactly the same 
mauner as described above ; the amounts obtained were : 
M. p. Per cent. 
114° 30 
37 66 


The melting point of diacetylaniline, as given by Kay (loc. cit.), is 
31-37 5°. 
Acetylation of 0-Toluidine. 


oToluidine (10 grams) and acetic anhydride (38 grams) were boiled 
together for an hour, the excess of acetic anhydride was distilled 
off under reduced pressure, a little benzene and light petroleum 
were added to the residue in the flask, when a small amount of 
monoacetyl derivative melting at 110° was obtained. The benzene 
and light petroleum were distilled off, and the residual oil distilled 
under diminished pressure ; nearly the whole passed over at 152—153° 
under 20 mm. pressure, and only a slight residue remained in the 
fask. From the latter, a minute quantity of monoacetyl derivative 
was obtained. The diacetyl-o-toluidine, when kept for some time, 
deposited extremely well-developed pyramids melting at about 18°; 
Kay gives the boiling point as 150—151° under 16 mm. pressure, and 


Clayton (Ber., 1895, 28, 1665) the melting point as 18°. 
The amounts obtained were : 


M. p. Per cent. 
Monoacetyl 110° 7 
Diacetyl 18 81 


Ten grams of aceto-o-toluidide were boiled for an hour with 14 grams 
of acetic anhydride, and the product distilled under reduced pressure ; 
12 grams of oil distilling at 152—153° under 20 mm. pressure were 
obtained. The residue in the flask gave 0°25 gram of unaltered mono- 
acetyl derivative, 


Acetylation of p-Toluidine. 


This was carried out in precisely the same manner as described for 
the ortho-compound. On the addition of benzene, after removal of the 
acetic anhydride, colourless crystals of the monoacetyl derivative, 
melting at 148—149°, were obtained. The mother liquor was dis- 
tilled under reduced pressure, and 9°6 grams of an oil obtained which 
passed over at 167—168° under 22—23 mm. pressure. When cold, 
this set into a mass of colourless crystals melting at about 40°, 
and after recrystallisation from light petroleum at 48°. Kay gives the 
boiling point of diacetyl-p-toluidine as 160—161° under 15 mm. pressure, 
and Clayton the melting point as 48°. The quantities obtained were : 
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M. p. Per cent, 
Monoacetyl ’ 149° 32°3 
Diacetyl . 47 60-0 


Anexperiment was then made by heating aceto-p-toluidide (10 grams) 
with acetic anhydride (14 grams) for an hour. The products wer 
separated as in the previous case, and the results obtained were ; 


M. p. Per cent. 
Monoacety] . 150° 24 
Diacety] : 48 72 


Acetylation of y-Cumidine, C,H,Me,*NH,, [NH, : Me, = 1: 2:4:5}. 


Ten grams of the base and 30 grams of acetic anhydride were boiled 
for an hour, and the excess of anhydride distilled off under reduced 
pressure. The oily residue solidified on cooling, and was then ex- 
tracted with warm light petroleum (b. p. 50—60°). The monoacetyl 
derivative was left behind in the form of a fine powder which, after 
recrystallisation from dilute alcohol, formed colourless needles melting 
at 161°. 

The diacetyl compound, CgH,Me,’NAc,, crystallised from the light 
petroleum in extremely well-defined, hard, transparent prisms, but 
usually mixed with a small amount of the monoacetyl compound, from 
which it was freed by recrystallisation. It melts at 59°5°, and is readily 
soluble in all the ordinary organic solvents, but insoluble in water. 
On analysis : 


0°3908 gave 21:1 c.c. moist nitrogen at 15° and 768 mm. N=64. 
C,,H,,O,N requires N = 6-4 per cent. 


0-2 gram was boiled with 50 c.c. of standard barium hydroxide solu- 
tion (protected trom atmospheric carbon dioxide) for a few minutes 
until all the oil had disappeared, and then titrated with standard sul- 
phuric acid (1 c.c.=0-0088 gram), using phenolphthalein as indicator; 
12-2 c.c. of the acid were required in one experiment, and 12°3 cc. in 
a second. A blank experiment in which 50 c.c. of the barium hydr- 
oxide solution were boiled without the addition of the diacetyl com- 
pound required 17°3 c.c. of acid. Hence the amount of acetyl =19%, 
that calculated being 19-6 per cent., provided only one acetyl group is 
removed. The precipitate, consisting of barium sulphate and the 
product of hydrolysis, was extracted with dilute alcohol, and colourless 
needles of the monoacetyl derivative melting at 162° were obtained 
Boiling with baryta water for a few minutes thus removes one of the 
acetyl groups, but leaves the other intact. 

Shaking the diacetyl derivative with dilute sodium hydroxide solt- 
tion has a similar action, but is somewhat more difficult to regulate, 
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owing to the fact that the compound clots together, and thus is 
notacted on by the alkali. Boiling with aqueous or alcoholic soda for 
several hours does not completely remove the two acetyl groups (com- 


pare Kay, loc, cit.). 
The weights of mono- and di-acetyl derivatives obtained from 10 


grams of the base were : 
{Grams, M. p. Per cent. 


Monoacetyl 161—162° 10 
Diacetyl 59°5 85 
An experiment was then made by heating the monoacetyl compound 
(10 grams) with acetic anhydride (12 grams) for an hour, and the pro- 


duct separated as before : 
M. p. Per cent. 


161° 8 


Monoacety]l 
59°5 89 


Diacety] 


Acetylation of a-Naphthylamine. 


Ten grams of the base were boiled for an hour with 28-6 grams of acetic 
anhydride ; when cold, a considerable amount of well-defined, prismatic 
crystals separated. The excess of acetic anhydride was removed by 
distillation under reduced pressure, and the residue then fractionally 
crystallised from ethyl alcohol. The diacetyl derivative crystallises 
first in the form of well-developed, hard prisms ; these are followed by 
a mixture of mono- and di-acetyl derivatives, which may be separated 
mechanically as the monoacetyl compound crystallises in feathery 
needles and the diacetyl in fairly large prisms ; a small amount of the 
mixed acetyl derivatives is finally obtained, which could not be 
separated into its constituents. The amounts obtained were : 

M. p. Per cent, 


Monoacetyl 159° 14°7 
Diacetyl 130 75°0 


Diacetyl-a-naphthylamine crystallises readily from most organic 
solvents. It is deposited from its alcoholic or benzene solutions in 
well-developed, slightly opaque, colourless crystals, having a striated 
structure somewhat resembling that of potassium iodide crystals. It 
melts at 130°, and loses one of its acetyl groups when boiled with aqueous 
alkalis. 0-3 gram was boiled for half an hour with 50 c.c. of standard 
barium hydroxide solution, and then required 10 c.c. of sulphuric acid 
(lec. =0°0088 gram) for neutralisation, using phenolphthalein as 
indicator. Fifty cc. of the baryta water, when boiled alone in a 
similar manner, required 17-3 c.c. of sulphuric acid for neutralisation. 
Hence the amount of acetyl = 18-8, that calculated being 19-0 per cent. 
provided only one acety] group is removed. Although there was a 
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slight odour of a-naphthylamine after boiling with the alkali, the pro- 
duct obtained was found to be acet-a-naphthalide, as when crystallised 
from dilute alcohol it melted at 159°. 

On analysis of the diacetyl derivative, the following numbers were 
obtained : 


0-4 gave 218 c.c. moist nitrogen at 12° and 755 mm. N=6'4, 
0°4079 ” 22°5 c.C. ” ” 14° ” 754 ” N=6-4, 
C,,H,,0,N requires N = 6:2 per cent. 


Acetylation of B-Naphthylamine. 


The acetylation of B-naphthylamine was performed in exactly the 
same manner as with the a-compound, and the excess of acetic 
anhydride removed by distillation under reduced pressure. The 
residue had a somewhat syrupy consistency,-and did not crystallise at 
all readily ; after trying several methods for the separation of the 
mono- and di-acetyl derivatives, the following was found to give the 
best results. 

The syrupy residue was dissolved in slightly more than its own 
volume of benzene and the acet-$-naphthalide which crystallised out 
was collected on a filter ; light petroleum was added, when a further 
quantity of the monoacetyl derivative was obtained. The clear filtrate, 
when left to evaporate spontaneously, gave a crust of the diacetyl 
compound on the sides of the beaker ; as this did not crystallise well, 
the whole of the benzene and light petroleum was removed by evapora- 
tion and the residue crystallised from light petroleum (b. p. 50—60°), 
when the diacetyl derivative was obtained in the form of clusters of 
snow-white plates melting at 665°. When crystallised from benzene, 
the small amount of residue insoluble in light petroleum gave about 
0°5 gram of the monoacetyl derivative. The numbers obtained were; 

. M. p. Per cent. 
Monoacety] : 133° 42°5 
Diacety] . 66°5 48'5 

Diacetyl-8-naphthylamine, C,,H,*NAc,, crystallises from light petr- 
oleum or from dilute alcohol in colourless plates melting at 66°5° and 
readily soluble in most organic solvents. 


0'771 gave 40°9 c.c. nitrogen at 10° and 756 mm. N=6'3. 
0°4563 ,, 24°9 cc. “ 16° ,, 740 , N=62. 
C,,H,,0,N requires N = 6°2 per cent. 
It appears to be less readily hydrolysed than the a-compound, as 
when boiled with excess of baryta water for an hour it was not com- 
pletely decomposed into the monoacetyl derivative. 0:5 gram was 
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, 

boiled in a reflux apparatus fitted with a soda-lime tube for an hour 
with 10 c.c. of methyl alcoholic potash, the solution then required 
380¢.c. of sulphuric acid (1 c.c.=0°0088 gram) for neutralisation, 
and as 10 c.c. of the original alcoholic potash required 50-3 c.c. of 
sulphuric acid, the amount of acetyl=19-0, that calculated being 19-0 
per cent. provided only one acetyl group is removed. The melting point 
of the product was 132°5°, proving it to be acet-8-naphthalide. 


Acetylation of 2: 6-Dibromoaniline. 


A good yield of diacetyl-2 :6-dibromoaniline, C,H,Br,-NAc,, is 
obtained when 2: 6-dibromoaniline (1 mol.) is boiled for an hour with 
acetic anhydride (4 mols.). The product is poured into water and after 
standing for some time, filtered, dried, and crystallised from light petr- 
dum (b. p. 80—90°). It forms well-developed, hard, transparent 
prisms melting at 100—101° and readily soluble in the usual organic 
solvents. 


01789 gave 0'2038 AgBr. Br= 48°47. 
01735 ,, 0:1974 AgBr. Br=48°41. 
C,,H,O,NBr, requires Br=47'8 per cent. 


I hope shortly to be able to start experiments in order to determine 
the relative influence of different ortho-substituents (Me, Cl, Br, I, 
NO,, &c.) both on the formation and hydrolysis of mono- and di- 
wetylarylamines. 


The cost of the work described in this paper has been defrayed by a 
grant from the Research Fund of the Chemical Society. 


UnIversiry COLLEGE, 
NorTrincHAM. 


UX—A Form of Tautomerism occurring amongst the 
Thiocyanates of Electronegative Radicles. 


By Aveustus Epwarp Dixon, M.D. 


Iris well known that the isomerism subsisting between the normal 
thioeyanates of fatty or benzenoid hydrocarbon radicles on the one 
hand, and the isothiocyanates (thiocarbimides) on the other, differs 
markedly from that which obtains between the corresponding deriva- 
lives of certain unsaturated hydrocarbon groups. 

tn the former case, a thiocarbimide, R-NOS, once produced, con- 
ioues to act as such under all ordinary chemical treatment ; it is 
VOL, LXXIXx, PP 
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account of the work done in the direction indicated until more decisive 
results should be forthcoming, but recently the study of acid thio. 
carbimidic derivatives has begun to engage the attention of a number 
of chemists, and it therefore seemed best, with a view to avoid 
collision with the work of others, to give a brief description of the 
principal results hitherto attained. Notwithstanding that upwards 
of fifty distinct experiments have now been conducted on the inter. 
action of thiocyanates with the mineral-chlorides named below, and 
with certain others (for instance, chromyl chloride, stannic chloride, 
and the chlorides of phenylsulphonic and ethylsulphurie acids), it must 
be admitted that the precise mechanism of the chemical changes is 
still far from clear, and the present paper is therefore put forward 
merely as an instalment. As the study is not yet completed, it has 
been considered unnecessary to give details of the experiments, save 
those requisite to explain the general line of work, and to support 
such conclusions as may be drawn provisionally. 

Generally speaking, the method of operating was as follows. The 
chloride, dissolved in a suitable anhydrous solvent, was added to a 
considerable excess of dry, finely-powdered thiocyanate (the lead, 
mercury, copper, ammonium, potassium, and silver salts were all tried), 
and the mixture either heated or allowed to stand for a month or two 
at.the ordinary temperature ; the solid residue was then removed by 
means of the pump. The filtrate, when shaken with water or mixed 
with dilute spirit, was tested for thiocyanic acid with ferric chloride, 
and for thiocarbimidic product by ammoniacal silver nitrate, and by 
boiling with an ajkaline solution of lead. In making the experiments, 
the following, amongst other chlorides, were used: carbonyl chloride, 
thionyl chloride, sulphuryl chloride, phosphorus trichloride, phos. 
phorus oxychloride, phosphorus pentachloride; as solvents, carbon 
disulphide, light petroleum, chloroform, benzene, toluene, xylene, 
cumene, all carefully dried. In time-experiments, a flask with drying 
tube was employed ; where heat was applied, the mixture was boiled 
under a reflux condenser, or else heated in a sealed tube. Every 
product, when examined as described above, proved to contain much 
thiocarbimide; on the other hand, not one was perfectly free from 
thiocyanic acid, the amount of which was often considerable, although 
in a few cases only trifling. 

To each product an equivalent quantity of organic base was next 
added, usually pure aniline ; if this caused a precipitate, it was filtered 
off and examined, otherwise the solution was concentrated by evapora- 
tion. In every case, such precipitate, or solid product obtained by 
concentration, was found to answer to the silver and lead tests for a 
thiocarbamide. 

From these qualitative results, one inference, at least, is clear, 
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namely, that the ‘SCN residue of metallic thiocyanates, when trans- 
ferred under the above conditions to an inorganic electronegative 
radicle, no longer retains its purely thiocyanic character in the new 
product, Nevertheless, it is not entirely lost, since, as indicated 
above, if treated with boiling water, these compounds, or mixtures, 
give a more or less intense rei! coloration with ferric chloride. 

In order to establish the thiocarbimidic nature of the products 
obtainable from metallic thiocyanates and electronegative mineral 
chlorides, or their capacity to act entirely or in part as such, it 
was obviously desirable to secure more decisive evidence than that 
attaching solely to the desulphurisation of their solutions by lead 
and silver salts. One of the most characteristic and general proper- 
ties of all true thiocarbamides is their power of uniting directly with 
primary bases to form thiocarbamides, and consequently attention has 
been mainly directed towards obtaining such additive products. 

It is in this connection that the experimental difficulties before 
mentioned have been especially prominent. For the thiocarbimides, 
produced in solution as described above, are usually far from pure: 
sometimes they contain unaltered chloride, occasionally decomposition 
products ; they invariably give, more or less, the reaction for thio- 
cyanate ; and they cannot, any more than their organic congeners, be 
distilled in a current of steam. Consequently, when treated with a base, 
the solid product is apt to be a mixture, and hitherto no trustworthy 
method has been found suitable for extracting the thiocarbamide alone. 
Moreover, in many cases, the thiocarbamide itself is readily hydrolysed, 
so that until some better method of working is devised, it is meces- 
sary either to identify the latter by its products of hydrolysis, or by 
analytical figures which are only approximate. 


Experiments with Phosphorus Trichloride. 


This substance, dissolved in dry benzene, was heated with 1} to 2 
equivalents of lead, or ammonium, thiocyanate, until a fragment of 
copper oxide, moistened with a drop of the solution ceased to give a 
green flame coloration.* In one case, where potassium thiocyanate was 
employed, practically no thiocarbimide was obtained ; in ten other ex- 
periments, the filtrate, when shaken up with water, was intensely acid, 
gave a strong red coloration with ferric chloride, and was copiously de- 
sulphurised by ammoniacal silver nitrate, or by warming with alkaline 

* Miquel states (Joc. cit., p. 48) that ‘‘en diluant le chlorure de phosphore dans 
léther anhydre, ou dans tout autre liquide inerte, il perd la propriété d’attaquer les 
sulfocyanates métalliques.” The present writer’s experience is different, for he 
finds that a quantity of dissolved product, sufficient to give marked desulphurisa- 
tion with lead and silver salts, can be obtained after two or three minutes’ boiling of 
a solution of phosphorus trichloride in pure ether with dry lead thiocyanate. 
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lead tartrate. From the two latter results, the presence of thiocarh. 
imidic product is inferred ; it is uncertain whether the former (thiocyanic) 
reaction is due to the hydrolysis of phosphorus thiocyanate, or of the 
corresponding thiocarbimide : 


P(NCS), + 3H,O = H,PO, + 3HSON, 


To the filtrate, aniline, dissolved in benzene, was slowly added, 
sometimes in deficiency, sometimes in slight excess, of the amount 
required by the equation, 


P(NCS), + 30,H,-NH, = P(NH-CS-NH-C,H,), 


supposing the chloride to have been quantitatively converted into 
P(NCS),. No very considerable difference was noticed in the results, 
which may be approximately described as follows : 

Slight heat is developed, and a yellowish-white, amorphous pre- 
cipitate falls ; this is sticky at first, but presently hardens ; a further 
small quantity is deposited as the mixture cools down. The solid 
dissolves to some extent in chloroform, but the solution, if moisture be 
excluded, does not crystallise ; it is very sparingly soluble in benzene, 
but very freely so in acetone, and in alcohol, by which it is decom- 
posed ; when heated with dilute nitric acid, it is oxidised vigorously, 
with formation of sulphuric and phosphoric acids. 

If boiled with water, it melts and gradually dissolves ; the resulting 
solution is intensely acid, gives more or less the reactions for aniline 
thiocyanate, and on cooling deposits crystals of phenylthiourea ; the 
mother liquor, after treatment with dilute nitric acid, responds to the 
ammonium molybdate and magnesia tests for phosphoric acid. 

The phenylthiourea appears to be produced by hydrolysis : 


P(NH:CS-NH-0,H,), + 3H,O = H,PO, + 30SN,H,°O,H;; 


it is also left when the alcoholic solution is allowed to evaporate; 
moreover, the original solid, even if left exposed to the moist air of 
the laboratory (but not if kept in a desiccator), very slowly changes 
to a crystalline mass consisting largely of this substance. That the 
phosphorus does not exist as a salt of phosphorus anilide, P(NH*C,H,), 
may be inferred from the fact that the solid, if freshly ground up 
with cold water, yields a filtrate containing mere traces of phosphorus ; 
if the residue be washed repeatedly with water, this element is col- 
tinuously, but slowly, withdrawn, apparently by hydrolysis, 4 
explained above. 

There was considerable variation in the melting points observed for 
the crude products; one specimen melted at 65°, another at 1? 
another at a somewhat higher temperature, and in no case was the 
melting point sharp. As might have been expected, the analytical 
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results from different preparations were very discordant, a number of 
sulphur determinations yielding from 17:8 to 21:4 per cent., whilst the 
phosphorus varied from 2°5 to 5°4 per cent. No method hitherto 
tried for isolating the constituents of these mixtures, either by 
extraction, crystallisation, or precipitation of a solution, has proved 
successful. 

As the dissolved products obtained from lead thiocyanate and 
phosphorus trichloride were obviously impure, an attempt was made 
to get a pure specimen of phosphorus trithioeyanate by distilling 
the solution (in dry commercial benzene) under reduced pressure, 
The solvents came over below 50° under 30 mm. pressure, leaving a 
reddish-yellow, clear, dense oil, which gave the reactions for thio- 
cyanate, thiocarbimide, and phosphorus. When this was further 
heated under the same pressure, it darkened somewhat up to 105°, 
when there were signs of boiling, although nothing distilled over. The 
thermometer now rose quickly to 170°, at which temperature the 
contents of the flask suddenly changed, without evolution of gas, toa 
sticky, black solid, which presently became hard and brittle. This 
was insoluble in water, and only very sparingly soluble in alcohol, but 
easily so in warm alkali, yielding a dark red solution, which contained 
little thiocyanate, but was desulphurised by boiling with ammonia 
and silver nitrate ; it was oxidised vigorously by nitric acid, with 
production of sulphuric and phosphoric acids. Possibly it is a poly- 
meric form of P(NCS),, analogous to the “ metabenzoylthiocarbimide ”’ 
of Miquel, [(C,H,*CO(CNS)], (loc. cit., p. 304); but the experiment, 
80 far as the isolation of phosphorus thiocyanate is concerned, was a 
failure. 

The evidence for the existence of P(NOS),, or a compound capable 
of behaving as such, and of the corresponding P(NH-OS-NH-C,H,),, 
is therefore so far imperfect that neither compound has actually 
been obtained in a ‘state of purity. On the other hand, the benzene 
solution gives abundantly those metallic reactions whereby the 
presence of a thiocarbimide, or some immediate derivative, is commonly 
ascertained, and the dissolved constituent unites spontaneously with 
4 primary base, to afford a product out of which, by mere dissolution 
in water, a typical thiourea originates. 

Action of o-Toluidine.—Pure o-toluidine, diluted with dry benzene, 
was added to a cumene solution of ‘‘ phosphorus trithiocyanate ” ; the 
Precipitated amorphous solid, after several washings, first with 
benzene and then with light petroleum, was dried at a gentle heat in 
current of dry air; it formed a yellowish, granular powder, begin- 
ning to shrink at 79—80°, and melting slowly between 81° and 83°, 
toa clear brown liquid, 
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When treated in alcoholic solution with silver, or alkaline lead, salts, 
it was very easily and copiously desulphurised, its properties in this 
and all other respects generally resembling those of the corresponding 
phenylic derivative. As was to be anticipated from the want of 
sharpness in the melting point, it proved to be somewhat impure, con. 
taining a very perceptible amount of toluidine thiocyanate. The 
latter could not be extracted by water, even in the cold, without 
decomposing the main product ;‘an attempt to remove it by boiling the 
powder with dry benzene also failed, the melted residue forming a 
stiff, glue-like, brown mass which was still impure. 

In order to learn whether the original product had approximately 
the composition required for the formula P(NH*CS-NH-C,H,),, it 
was analysed with the following results : 


Found, N=16:47 ; S=18°31, 18°03 ; P=5-67 per cent. 
C,,H,,N,S,P requires N=16-00 ; S=18°27 ; P=5-89 per cent. 


Notwithstanding that the analytical figures obtained differ but little 
from those calculated, it cannot thence be inferred that the compound 
is-really pure, for not only was toluidine thiocyanate detected in it, 
but the percentages of the four elements in the latter substance lie 
rather close to those in the phosphoretted compound, the phosphorus 
present in this causing but a small increase in the molecular weight as 
compared with that due to 3CSN,H,°C,H,. Nevertheless the conditions 
under which the parent substance is formed, its thiocarbimidic reac- 
tions, its direct union with the base, and the ready conversion by 
water of the product thus obtained into tolylthiourea and an acid of 
phosphorus, all point clearly to the existence of a phosphorus com- 
pound of this thiourea, although its definite isolation as a chemical 
individual still remains to be accomplished. 


Experiments with Phosphorus Oxychloride. 


When a solution of phosphorus oxychloride in dry benzene was 
boiled with lead thiocyanate, little change occurred. Using toluene 
as solvent, marked interaction took place, but as this proved to be 
still incomplete, cumene was substituted with satisfactory results. 
After a few minutes’ boiling, the filtrate no longer contained chlorine, 
but freely gave the reactions for dissolved thiocarbimide. 

To the clear filtrate, aniline, diluted with benzene, was added in 
equivalent proportion to the oxychloride used, whereupon a yellow 
solid was deposited. Immediately after precipitation, this tends some- 
what to choke the filter, but it granulates on standing, and may then 
be filtered without difficulty. A specimen thus prepared, well washed 
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with benzene and dried as far as possible over shredded wax ina 
vacuum, formed a mobile, pale-yellow powder, whose weight amounted 
tomore than 90 per cent. of that theoretically obtainable from the oxy- 
chloride employed, supposing the latter to have been converted, first 
into phosphoryl trithiocarbimide, and thence into the corresponding 
phenylated thiourea. 

In order to remove the last traces of solvent, the powder was gently 
warmed in a flask through which dry air was caused to stream for 
several hours. When heated ina narrow tube, it began to shrink 
at about 108—109°, and melted at 111—112° to an amber-coloured 
liquid. Other preparations melted at temperatures approximating to 
that given ; for instance, at about 114—115° and 113—114° in two 
different experiments, with preliminary softening at two or three 
degrees below the actual melting point. 

Thus obtained, the substance is practically insoluble in cold water. 
The latter, if poured off from it, is very faintly acid, gives almost no 
red coloration with ferric chloride, and does not give the reactions 
for aniline. When boiled with water, however, it gradually dissolves, 
all save a trace of yellowish, oily matter. The solution is intensely 
acid, gives a faint reaction for aniline, and a marked one for thio- 
eyanic acid. On cooling and allowing to stand, it deposits phenyl- 
thiourea in prisms. , 

It is insoluble, or nearly so, in ether, chloroform, carbon disulphide, 
cold benzene, or light petroleum; easily soluble in ethyl acetate, 
acetone, glacial acetic acid, or nitrobenzene, and very freely so in 
alcohol. It-dissolves also in sulphuric acid and in caustic potash ; if 
hydrochloric acid be added to the latter solution, a precipitate is 
formed and hydrogen sulphide escapes. The solution in potash is 
desulphurised with remarkable ease by lead salts; if alkaline lead 
tartrate be added to it, a white precipitate falls, which gradually 
changes in the cold through yellow, orange, deep crimson, and brown 
to full black ; the last change occurs at once if the mixture be gently 
warmed, In like manner, the sulphides of mercury and cadmium are 
precipitated when these metals, in alkaline solution, are warmed with 
the solution of the phosphorus compound. 

The aqueous solution contains phosphoric acid, as shown by the 
magnesia and molybdate tests. Since the original solid is nearly in- 
soluble in cold water, and its solution in hot water gives only phenyl- 
thiourea on cooling, it would appear that tho phosphoric acid is formed 
by hydrolysis, 

Attempts to purify the substance by crystallisation led to no satis- 
factory result. It does not crystallise from any of the liquids named 
above as solvents, and though occasionally crystals were deposited, 
they proved to be only phenylthiourea. Failing any better material, 
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therefore, a thoroughly washed crude product was analysed, with the 
following results : 


Found, C=50'15; H=4:46; N=16°7; S=20-07 and 20-62; P=64), 


The above figures, save as regards the sulphur, are in fair agree- 
ment with those calculated for the formula C,,H,,ON,S,P, namely, 


C=50°35 ; H=4:26; N=16-38; S=19-21 ; P=6-20 per cent, 


Accordingly, the production of this compound may be represented 
as follows: 


(1) 2POCI, + 3Pb(SCN), = 3PbCl, + 2PO(NCS),. 
(2) PO(NCS), + 30,H,"-NH, = PO(NH-CS:NH-C,H,), ; 


and its decomposition by water into phenylthiourea, 
PO(NH:-CS:NH-O,H,), + 3H,0 = H,PO, + CSN,H,°C,H,. 


The last equation does not, however, furnish a complete account of 
the interaction with water, inasmuch as thiocyanic acid is also pro- 
duced ; it cannot at present be stated whether this originates through 
some decomposition of the ‘phosphoryl trithiocarbamide, or from the 
presence of some other material in the crude substance. At all events, 
the hydrolysis formulated above does not occur quantitatively, fora 
rough experiment, made by boiling a known weight of material with 
water, and collecting the phenylthiourea thereby ‘produced, afforded 
but 33 per cent. of the amount calculated from the equation, and the 
latter is only given provisionally, until further experiments shall have 
been carried out. 

o-Toluidine gave a tenacious paste, dissolving somewhat in the hot 
mixture of cumene and benzene ; it separated on cooling as a clear, 
brownish oil, which presently hardened to a resin-like substance. The 
product was very easily soluble in spirit or acetone, the solutions being 
readily desulphurised by lead, silver, or cadmium salts. The finely 
powdered solid, if shaken up with cold water, gave up to it a mere 
trace of thiocyanic acid, but if boiled with water, it mostly dissolved, 
and the solution now gave a distinct, although not strong, red coloration 
with ferric chloride ; toludine was not detected in the ans solu- 
tion, which, as usual, was intensely acid. 

As in the preceding case, all attempts to purify the product of the 
interaction were abortive ; a sample, treated as there described, was 
partially analysed, with the following results : 


Found, N=142; S=163; P=5°3. 
C,,H,,ON,S,P required N=15°5; S=17°7; P=5°7 per cent. 


Action of Ammonia.—According to Miquel (loc. cit, p. 351), phos. 
phorus trithiocyanate is decomposed by aqueous ammonia in the same 
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way as by water, alkalis, and acids, that is, into phosphorous and thio- 
eyanic acids. In order to avoid the hydrolysing action of water, dry 
ammonia gas was led into a benzene-cumene solution of the corre- 
sponding phosphoryl derivative, whereupon a pale yellow, granular 
solid was precipitated. This, when washed with benzene followed by 
light petroleum, and dried in a desiccator, melted imperfectly below 
60°. The substance was somewhat deliquescent on exposure to 
ordinary air, dissolved almost completely in water, yielding an in- 
tensely acid solution which contained a good deal of ammonium thio- 
cyanate, but was also very freely desulphurised by warming with 
alkaline solutions of mercury, silver, lead, or cadmium. Phosphoric 
acid was present, as shown by the molybdic reaction, but apparently 
not ready formed, for when a freshly-made solution in cold water was 
divided into two parts and one of these treated with excess of am- _ 
monia, followed by magnesia mixture, it remained practically clear for 
a considerable time, whilst the other, if boiled for a few minutes, 
cooled, and then treated as described, gave an abundant precipitate 
consisting of ammonium magnesium phosphate. It seems probable, 
therefore, that the phosphorus exists mainly as PO(NH-CS-NH,), 
(representing the thiourea residue as symmetrical), which affords the 
reaction for phosphoric acid only after hydrolysis, Attempts to — 
remove the ammonium thiocyanate were unsuccessful, the phosphor- ~ 
etted compound dissolving easily in all the solvents of the former, and 
being readily decomposed. Incidentally, it became necessary to ascer- 
tain the solubility relations of ammonium thiocyanate, which, strange 
to say, do not appear to have been recorded, and may therefore here be 
mentioned. It is freely soluble in hot methyl or ethyl alcohol, 
acetone, ethyl acetate, or glacial acetic acid, and moderately so in 
boiling amyl alcohol and in nitrobenzene, but practically insoluble. in 
chloroform, pure ether, carbon disulphide, benzene, toluene, or light 
petroleum. 

Thionyl Thiocyanate. 

In McMurtry’s experiment, referred to above, thionyl chloride dis- 
solved in carbon disulphide is allowed {to stand for a few days in 
contact with excess of lead thiocyanate ; the solution is then poured off, 
evaporated in a vacuum, and the residue washed, first with hot benzene 
and afterwards with ether. The product forms an amorphous, orange 
powder having the empirical composition of thionyl thiocyanate, 
S0(SCN),, nearly insoluble in most solvents, only slightly soluble in 
ammonia, and not affected by boiling with hydrochloric acid. Similar 
results are obtained with lead or silver thiocyanate. 

This preparation has now been repeated under various conditions, 
using the thiocyanate of lead, mercury, or potassium; and as 
solvents, toluene, chloroform, benzene, or light petroleum. The tem- 
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perature has been varied from the boiling point of toluene (which 
causes decomposition and evolution of sulphur dioxide) down to that 
of the laboratory. At the latter temperature, the duration of the 
experiment has been extended to three months ; also, a benzene mix- 
ture with potassium thiocyanate has been heated for two hours at 
100° in a sealed tube. In no case was the chlorine completely 
eliminated as metallic chloride ; on the other hand, the filtered liquid 
in every case gave abundantly the reaction for dissolved thiocarbimide, 
The amorphous, orange product, if thoroughly washed with water, dis. 
solves more or less completely in warm dilute caustic alkali. The 
solution thus obtained, if acidified with hydrochloric acid and treated 
with ferric chloride, yields no red coloration or else only a very 
trifling one, hence it would seem that the compound is not a true thio- 
cyanate. But the solution in alkali, if mixed with solution of lead or 
mercury and warmed, or if treated with ammoniacal silver nitrate, is 
copiously blackened, the material thus exhibiting the characteristics 
of a thiocarbimide. Probably, considering its stability (to which 
McMurtry calls attention), its indifference to ammonia and its physical 
state, it will prove to be a polymeric form [SO(NCS), |n. 

If the clear solution in chloroform, benzene, or light petroleum 
obtained by digesting thionyl chloride in one of these solvents with 
metallic thiocyanate be treated with aniline, a precipitate falls at 
once, consisting partly of aniline hydrochloride, If this precipitate be 
filtered off, well washed, and then digested with water in order to 
remove the aniline salt, a brownish-yellow residue is left, nearly in- 
soluble in boiling alcohol. This substance, when dissolved in alkali, 
responds freely to the desulphurisation tests for a thiocarbamide. 

From these results, it would appear that thionyl chloride, under the 
conditions stated, is converted, at least in part, into thionylthiocarb- 
imide, SO(NCS),, or else a polymeride, or probably both ; but hitherto 
the products have been obtained in very limited quantity, and it is yet 
uncertain whether one or more forms are present. In a three month: 
experiment at atmospheric temperature, not more than about one-tenth 
of the chloride used had undergone conversion, and the experiments 
are being continued, allowing a longer period for interaction, and 
otherwise varying the conditions. 


Carbonyl chloride, dissolved in toluene, gave, with lead thiocyanate, 
somewhat similar results. On treatment of the product with aniline, 
carbanilide was formed, together with small quantities of a thio 
carbamide melting at about 174°, which has not yet been obtained in 
a pure state. 
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LX.—Halogen-substituted Thiosinamines. 


By Aveustus Epwarp Dixon, M.D. 


Ina communication made to this Society in 1892 (Trans., 61, 545), 
describing the production and properties of #y-dibromopropylthio- 
carbimide, the author noted a characteristic wherein it differs from 
non-halogenised compounds of the same class; namely, that when 
treated with aniline it affords, not the corresponding dibromopropyl- 
phenylthiocarbamide, CH,Br-CHBr-CH,-NH-CS:NH-C,H,, but a 


basic ring compound, 0H, Br<y >C-N H:°C,H,, by elimination of 


the elements of hydrogen bromide. 

Ina subsequent paper (Trans., 1896, 69, 17), it was established 
that interaction occurs similarly with ammonia, and with other primary 
and secondary organic bases; and further, that by union with fatty 
alcohols, closed chain compounds result in like manner, for instance, 


0H, Br<e >0-OEt. Moreover, it was shown (loc. cit.) that ready- 


formed allylthiourea, when treated with bromine or iodine, undergoes 
precisely the same change, losing hydrogen, so as to yield a compound 
which is no longer a true thiourea. Disubstituted, and no doubt tri- 
substituted (ibid., 852), thiosinamines equally fail to add on halogen so 
as to form a saturated derivative of the parent type. 
What is true of the above halogenised alkylic, holds equally for the 
halogenised fatty acidic thiocarbimides. These also (Trans., 1897, '71, 
617) unite spontaneously with primary and secondary bases, but the 
products are not halogen-substituted acidic thioureas ; in every case, 
a molecule of haloid acid is eliminated, with production of a ring 
compound—one of the so-called “ thiohydantoins,” for example: 


CH Cl CH,'S 


By acting upon thiocarbimides with chlorinated and brominated 
organic bases, Gabriel and his pupils have arrived at similar results ; 
for instance, methylthiocarbimide affords with bromoethylamine (Ber., 
1889, 22, 1148), not methylbromoethylthiocarbamide, 

CH,*NH-CS-NH°C,H,Br, 
but the hydrobromide of “ n-methylethylene-y-thiourea,” 
CH,-S 
CH,°N 

In short, excluding certain nuclear benzenoid compounds, in which 

the halogen element is retained with exceptional tenacity against 


>C-NH-CH,. 
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ordinary chemical exchange, it might appear tolerably safe to lay it 
down as a general principle that halogen-substitution derivatives of 
the thioureas and thiocarbamides are not obtainable, at least under 
usual working conditions, either from base and halogenised thiocarb- 
imide, or, conversely, from thiocarbimide and halogenised organic base, 

This ‘principle’ goes on the assumption that substituted allylic 
groups would be found to interact like their fatty congeners,* and 
formed the basis of a conjecture made by the author in the second 
paper cited above (p. 25): “The question arises, therefore, whether 
. . . the ‘chlorallylthiourea’ and ‘ bromallylthiourea,’ briefly recorded 
by Henry (Ber., 1872, 5, 188) as resulting from the action of ammonia 
on a-chlor- and brom-allylthiocarbimides respectively, are not also 
haloid salts, namely, the hydrochloride and hydrobromide of a basic 
CH,:.C-——8._,,. 1 

bu,-n7e NH,. 

In order to test the correctness or otherwise of this conjecture, 
Henry’s work on the former has now been re-examined and some- 
what extended, with the results detailed below. 


ring compound, 


B-Chloroallylthiocarbimide, CH,-CCl-CH,*NCS8, and its Derivatives. 


The best yields were obtained by mixing a-epidichlorohydrin with 
excess of warm alcoholic potassium thiocyanate, allowing the mix- 
ture to stand for some days, shaking occasionally, boiling then for 
a short time, and distilling in a current of steam; the product, 
when fractionated, amounted in various experiments to from 50—63 
per cent. of the theoretical, and formed a limpid, colourless, highly- 
refractive oil, boiling at about 182° (corr.), and giving the usual 
reactions of a thiocarbimide. It is easily soluble in spirit and 
slightly so in water, smells pungently of oil of mustard, and readily 
blisters the skin. 

Action of Ammonia.—Interaction occurred spontaneously, with 
marked development of heat, on the addition of alcoholic ammonia, 
and a white, crystalline solid was presently deposited containing 
no trace of ammonium chloride. When recrystallised from benzene 
mixed with a little spirit, and then from benzene alone, the sub- 
stance was obtained in slender, vitreous prisms, which dissolve 
moderately easily in cold water, sparingly in cold benzene, very 
freely in alcohol, and melt sharply at 93°5—94°5° (corr.) ; Henry 
gives 90—91°. 


* So far as desulphurisation of the thioureas by means of alkaline lead solution 
is concerned, it has already been shown (Trans., 1898, 63, 319) that the unsaturated 
(allyl) group plays a part closely resembling that of the saturated hydrocarbon 
radicles. 
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The aqueous solution is perfectly neutral to litmus, that in alco- 
hol, when mixed with silver nitrate, yields no precipitate, but the 
mixture blackens instantly on the addition of ammonia; moreover, 
the aqueous solution, when treated with silver nitrate, affords a 
white silver compound which dissolves in concentrated nitric acid ; 
the solution thus obtained gradually becomes turbid on standing, 
or if heated undergoes vigorous oxidation, and silver chloride at 
once separates. The compound also dissolves in cold sulphuric acid ; 
if this solution be diluted and mixed with silver nitrate, it remains 
clear, but if heated it decomposes, with evolution of sulphur dioxide 
and hydrogen chloride. 

From these results, the inference is plain; silver fails to withdraw 
the combined halogen element directly, save on complete disruption of 
the molecule, and therefore, contrary to anticipation, the compound is — 
not a hydrochloride, but presumably a true thiourea. Any doubt on 
the latter head was removed by the result obtained on treatment with 
alkaline lead tartrate, which gave a clear solution, blackened copiously 
on warming, with formation of lead sulphide; this reaction, common 
to all monosubstituted thioureas, does not occur with the basic ring 
compounds usually obtained from halogenised fatty bases or thiocarb- 
imides. Henry’s description of the preparation and properties of his 
compound (Joc. cit., and Compt. rend., 1882, 95, 850) occupies but a 
few lines ; it appears to have been only incidentally produced, and it 
is scarcely likely that he concerned himself to ascertain whether or 
not it really was a thiourea, no reason then existing to suspect that it 
night be something else. However this may be, the formula assigned 
by him requires no modification, save that the compound, like other 
monosubstituted thioureas, is probably not of the symmetrical type, 
but a derivative of imidothiocarbamic acid, either 


CH,:CCl-CH,*N:C(SH)-NH, or NH:C(SH)-NH-CH,-CCI:CH,. 


The By-dibromopropylurea obtained by Andreasch (Monats., 1884, 
5, 38), from allylurea and bromine, or from fy-dibromopropylamine 
hydrochloride and potassium cyanate (Paal and Heupel, Ber., 1891, 
24, 3038), is stated by the former to be converted by boiling 
with water into the hydrobromide of ‘ bromopropylene urea,” 


OOS EE >0,H,Br. In order to ascertain whether molecular re- 


arrangement would occur with #-chloroallylthiourea under like con- 
ditions, its dilute aqueous solution was boiled down to a small bulk ; 
the crystals which separated on cooling were, however, nothing but 
unchanged chloroallylthiourea, and the mother liquor, which still 
remained neutral, proved to contain not a trace of combined hydro- 
chloric acid, 


e 
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Chloroallylthiohydantoin.—Chloroallylthiourea was melted on the 
water-bath with something more than 1 molecular proportion of mono. 
chloroacetic.acid. Presently a brisk reaction set in, with evolution of 
hydrogen chloride ; the residual oil, while still warm, was mixed with 
alcohol, and thereupon solidified to a white, crystalline mass, consisting 
of the hydrochloride of chloroallylthiohydantoin. The product, after . 
several washings with alcohol, in which it is very sparingly soluble, 
turned slightly brown at 170°, and melted, with blackening, at 
185—186° (corr.). 


Found, HCl1=16°5. C,H,ON,CI1S,HCI requires HCl = 16:1 per cent, 
The interaction occurs as follows : 


S—CH 
CSN,H,:C,H,Cl + CH,Cl-CO,H = O,H,OIN:0<y as de * HCL 


On recrystallising a portion of the hydrochloride from water, the 
combined acid was withdrawn and neutral prisms were deposited; 
they melted at 149°, and consisted of the free thiohydantoin. 

The main portion was dissolved in tepid water, in which it is 
moderately easily soluble, and the solution exactly neutralised by 
caustic alkali; the crystalline precipitate thus obtained gave the 
following result on analysis: 


Found, S=16°9. C,;H,ON,CIS requires S = 16°82 per cent. 


B-Chloroallylthiohydantoin, or [using the nomenclature proposed by 
the writer (Trans., 1897, '71, 637)] n-B-chloroallylthiourantoin, is moder- 
ately soluble in hot water, sparingly so in cold water or in benzene, 
easily so in hot alcoholfor in cold dilute alkali ; the solution in alkali is 
not desulphurised by boiling with alkaline lead tartrate. From water 
it crystallises in pearly leaflets, resembling thiocarbanilide in appear 
ance ; from spirit, in brilliant, vitreous prisms ; both forms melt at 
the same temperature, namely, 149° (corr.). 

The solution in spirit gives no precipitate with neutral silver 
nitrate ; with the ammoniacal nitrate, a white silver compound is 
produced, soluble in excess of ammonia or in nitric acid ; if the latter 
solution be boiled, vigorous oxidation occurs, with formation of silver 
chloride. 

When boiled for a short time with dilute caustic alkali, the sub- 
stance is decomposed, with production of thioglycollic acid ; if the 
escaping gases are led into water, mere traces of ammonia and chlor- 
ine are found; the change, therefore, appears to occur mainly # 
follows : 


CH, 
O,H,Cl-N:C< yyy .d9 + 2H,0= 
C,H,Cl-NH-Cl-NH, + SH-CH,"00,H, 


Sa Fae F 


= 


ent. 
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the former product undergoing hydrolysis to some extent, yields 
carbon @joxide, ammonia, and chloroallylamine. 

When boiled for an hour with dilute hydrochloric acid, the substance 
yielded a brownish oil; this was insoluble in cold dilute alkali, but 
dissolved on boiling, with evolution of ammonia and formation of 
thioglycollic acid ; it is therefore probably chloroallylthiocarbimido- 


8-CH 
glycolide, C,H.,Cl-N rg a (Trans., 1897, '71, 623), but the amount 


obtained was not sufficient to admit of purification for analysis. 

Action of Aniline.—Slight heat was developed on mixing aniline 
and chloroallylthiocarbimide in alcoholic solution, and presently a 
yellowish solid was deposited, the yield being practically quantitative ; 
when twice recrystallised from benzene, using animal charcoal, it was 
obtained in pearly, six-sided plates melting at 91—92° (corr.). The 
formula was checked by a sulphur determination. 


Found, S=14'1. C,,H,,N,CIS requires S = 14°14 per cent. 


The compound is rather sparingly soluble in boiling water (from 
which it crystallises in long, thin needles) and in hot light petroleum, 
but dissolves freely in alcohol. It dissolves in warm alkali (from which 
it separates on cooling, or on neutralisation by hydrochloric acid) and 
in warm, concentrated hydrochloric or sulphuric acid. The latter 
solutions are reprecipitated on cautious addition of water, but a large 
excess of water again dissolves the precipitate; the solution in sul- 
phurie acid is decomposed by heating, with production of a pinkish 
colour and liberation of fumes of hydrogen chloride. 

Like its congener, already described, this compound is non-saline in 
character ; it is perfectly neutral to litmus; its cold alcoholic solution 
isnot precipitated by silver nitrate, but the mixture slowly darkens 
(if ammonia be added, it blackens at once), and it is freely desulphur- 
ised by heating with alkaline lead tartrate. Its formation is repre- 
sented as follows : 


(H,:CCl-CH,-NCS + NH,*C,H, = C,H,-NH-CS-NH-CH,-CCI:CH,, 


the product being, accordingly, ab-8-chloroallylphenylthiocarbamide. 
An experiment was made in order to learn whether molecular re- 


: —C—— 
arrangement into the ring form, = ba ye’ H-C,H,,HCl, would 


be effected by heat. A quantity of the pure thiocarbamide was slowly 

brought to a temperature of 30° above the fusing point, and there 

maintained for a short time ; on further raising the temperature, signs 

of decom position commenced, with marked darkening, and evolution 

of the odour of mustard-oil, whereupon the heating was stopped, and 

the fused mass allowed to solidify. On heating again, the melting 
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point, instead of having risen, as was to be expected if a hydrochloride 
had been formed, proved to be a couple of degrees lower than at first P 
and the product, when recrystallised, was found to be in all respects 
identical with the material taken for experiment. 

Another quantity was boiled down with water, as described for 
B-chloroallylthiourea, but this also failed to bring about any change, 

When treated in hot alcoholic solution with ‘a trifle over the calen- 
lated quantity of silver nitrate, the corresponding £-chloroallylphenyl- 
carbamide was obtained in slender prisms melting at 151—152° (corr,), 
It is moderately easily soluble in alcohol, and rather sparingly so in 
boiling water, yielding a neutral solution, which is not precipitated 
either by ordinary or ammoniacal silver nitrate. Analytical results: 


Found, N=13°5; Cl=16°43. 
C,)H,,ON,Cl requires N = 13°34 ; Cl= 16°84 per cent. 


Action of o-Toluidine.—An oil was obtained which solidified after a 
few days’ standing in a vacuum over sulphuric acid; when recrystal- 
lised from a mixture of benzene and light petroleum, and then from 
weak spirit, it occurred in vitreous prisms melting at 84—85°. The 
yield amounted to 77 per cent. of the theoretical. 


Found, S=13°2. ©,,H,,N,CIS requires § = 13°32 per cent. 


Chloroallyl-o-tolylthiocarbamide is practically insoluble in cold water 
or light petroleum, but easily soluble in benzene, and very freely so in 
alcohol ; its solution in the last-named solvent behaves with lead and 
silver salts like the phenylic homologue. 

Action of p-Toluidine.—The product occurred in colourless, triclinic 
plates nearly insoluble in water, moderately soluble in boiling alcohol, 
and melting at 127—128° (corr.), Its properties are similar to those 
of the phenyl homologue. 


Found, N=11°77 ; S=13°3. 
C,,H,,N,CIS requires N = 11°67 ; S = 13°32 per cent. 


Action of Benzylaniline.—The substance was prepared and purified 
as described for the o-tolyl compound ; after a final crystallisation 
from light petroleum, it was obtained in fine, silvery needles melting 
at 77—78°. It is practically insoluble in water or alkali, and some- 
what sparingly soluble in light petroleum, but dissolves easily in hot, 
moderately in cold, spirit, and very freely in benzene or chloroform. 
The alcoholic solution gives no precipitate with silver nitrate, but the 
mixture blackens on warming; with the ammoniacal nitrate, a white, 
curdy precipitate falls, which dissolves on heating without blackening. 
The substance is not desulphurised by boiling with alkaline tartrate 
of lead. 


Found, S=10°1, C,,H,,N,CIS8 requires 8 = 10°12 per cent. 
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Action of Piperidine.—Interaction occurred at once on mixing 
alcoholic solutions of the constituents, the mixture quickly setting to 
awhite, crystalline magma ; the yield was quantitative. By recrys- 
tallisation from boiling alcohol, the substance was obtained in beauti- 
ful, transparent, quadrangular plates of remarkable brilliancy ; they 
melted, apparently without decomposition, between 146°5° and 147°5 
(orr.). Analytical results: * 


Found, C1=16'°3; N=13'2; S=14°86. 
0,H,,N CIS requires Cl= 16°20 ; N=12°85 ; S=14°66 per cent. 


The compound is insoluble in water, but moderately soluble in hot 
alcohol; its solution is not affected by boiling with alkaline lead 
tartrate. Silver nitrate causes no precipitate in the cold, but the 
mixture blackens on boiling; with the ammoniacal nitrate, a white 
silver compound is precipitated ; on heating, this decomposes, yielding 
silver sulphide. Like the preceding compounds, therefore, this 
is not a hydrochloride, but chloroallylpiperidylthiourea, probably 
CH,-CCl-CH,*N:C(SH)-C,NH,,. 

Action of Benzylamine.—The constituents were mixed in alcoholic 
solution, and the solvent allowed to evaporate gradually; a sticky, 
brownesolid was left, which was purified by repeated recrystallisation 
from a mixture of two volumes of light petroleum with one of benzene. 
The product eventually separated in rosettes of flat prisms having a 
very brilliant, pearly lustre and melting at 69°. 


Found; N=11-7. C,,H,,N,CIS requires N = 11°67 per cent. 


The substance is nearly insoluble in boiling water and in light 
petroleum ; very freely soluble in methyl or ethyl alcohol, ether, 
chloroform, acetone, benzene, or carbon disulphide. Silver nitrate 
added to the alcoholic solution causes no precipitate, but the mixture 
darkens slowly on standing, or at once blackens on the addition of 
ammonia ; if treated with nitric acid, it is violently oxidised, and silver 
chloride separates. Like other disubstituted thiocarbamides whose 
substituting groups are non-benzenoid in character, chloroallylbenzyl- 
thiocarbamide is not desulphurised by ordinary treatment with alkaline 
tartrate of lead. . 

Action of Phenylhydrazine—Heat was evolved on mixing the con- 


* Some difficulty was experienced in determining the percentage of sulphur in 
this 4s well as in the preceding compound. By the method commonly used in 
this laboratory—namely, evaporation with aqueous or weak alcoholic sodium hydr- 
ride, and fusion of the dry product with nitre—figeres were obtained varying 
ftom 8°8 to 13°5 per cent. Preliminary attack with fuming nitric acid, followed by 
treatment as above, gave equally discordant results, three determinations affording 
68, 79, and 12°9 per cent. respectively ; the method eventually adopted was fusion 
ith dry sodium carbonate and nitre. 
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stituents in alcoholic solution ; this was checked by external cooling 
with water, and presently crystalline matter separated. When several 
times»recrystallised from somewhat diluted alcohol, the product formed 
white prisms melting at 107—108° (corr.). 


Found, S=13°34. C,,H,,N,CIS requires S= 13°26 per cent. 


a-Chloroallyl-8-phenylthiosemicarbazide, 
0,H,Cl-NH-CS-NH:NH°C,H,, 

is practically insoluble in water, easily soluble in alcohol ; its solution 
is not desulphurised by boiling with alkaline lead tartrate. -It gives 
no precipitate with neutral or ammoniacal nitrate of silver (and hence, 
although containing chlorine, is not a hydrochloride), but the latter 
mixture is blackenend by heating. The solution in weak alcohol, if 
mixed with excess of caustic alkali, followed by a few drops of copper 
sulphate, gives a black precipitate ; if this be warmed, it changes to 
red, becoming reduced to cuprous oxide. 


B-Chloro-By-dibromopropylthiocarbimide, CH,Br-CC1Br-CH, NOS, 


and its Derivatives. 


To B-chloroallylthiocarbimide (1 mol.), dissolved in about five times 
its own volume of chloroform, and cooled by means of a freezing mix- 
ture to — 10°, bromine (1 mol.), also dissolved in chloroform, was slowly 
added. Combination occurred less readily between these constituents 
than when allylthiocarbimide is similarly treated ; the bromine, as 
judged by the colour of the mixture, showed at first no sign of being 
absorbed, but in the course of about half an hour the solution had 
lost its deep-red colour (becoming pale-yellow) and its pungent smell. 
A not inconsiderable quantity of a yellowish-red, treacly deposit was 
found sticking to the bottom of the vessel, resembling in appearance 
and consistency a product which is always obtained in small quantity 
during the preparation of dibromopropylthiocarbimide ; the clear so 
lution was decanted from this, and the chloroform distilled off on the 
water-bath. The residue was now distilled in a current of steam; a 
little chloroform first came over, and then the mustard oil ; the latter 
distils rapidly, although less so than chloroallylthiocarbimide. It formed 
a dense liquid of pale reddish-yellow colour and faintly pungent odour, 
giving the usual thiocarbimidic reactions with lead and silver salts. 
Like the corresponding fy-dibromopropylthiocarbimide, it is not very 
freely soluble in 90 per cent. alcohol. Analysis was considered 
unnecessary, in view of the well-marked compounds which it gave 
with aniline and benzylamine. 

Action of Aniline.—Alcoholic solutions were mixed, and presently s 
good crop of a yellow, crystalline solid was deposited ; when recrys- 
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tallised from weak spirit, it formed a sandy powder, melting at 


112—113° (corr.). 
On analysis, figures were obtained agreeing with those required for 


an additive compound : 


Found, S=8°5 and 8°25 ; Cl+ Br=50°9. 
C,)H,,N,C1BrS requires S = 8:29 ; Cl + Br=50°54 per cent. 


The substance is almost insoluble in concentrated hydrochloric 
aid, very sparingly soluble in water or light petroleum, moderately 
esily so in alcohol, and freely in chloroform, acetone, benzene, 
or carbon disulphide. It is insoluble in cold dilute potash, but the 
mixture is decomposed on warming, with formation of potassium 
bromide, &c. 

The solution in weak spirit is faintly acid to litmus ; it gives with 
nitrate of silver a whitish precipitate ; if this be mixed with a slight 
excess of ammonia, the resultant silver sulphide filtered off, and the 
filtrate acidified by nitric acid, no precipitate is formed. Conséquently, 
the compound is not a hydrochloride. But weak alkali, added to 
the cold dilute alcoholic solution, withdraws bromine ; therefore it is 
a hydrobromide. 

With the view of obtaining the corresponding base, the hydrobromide, 
in weak spirit, was mixed with a trifle over the calculated quantity of 
normal soda, and the resultant solution allowed to evaporate at the 
ordinary temperature ; the product was then washed repeatedly with 
water until the washings ceased to give the reaction for sodium 
bromide ; but a dirty brown paste was left, which could not be got into 
afit state for analysis. The experiment was carefully repeated, but 
led to no satisfactory result. 

An attempt was next made to combine bromine with chloroallyl- 
phenylthiocarbamide, in the hope of thus obtaining the above chloro- 
dibromo-derivative. The bromine, dissolved in chloroform, was very 
slowly added to a cooled alcoholic solution of the thiocarbamide ; 
it was instantly absorbed, but the mixture quickly became turbid, 
owing to the deposition of free sulphur, and on evaporation of the 
filtered liquid a dirty brownish-red, treacle-like mass was formed 
which did not appear to contain the desired product ; the pheno- 
mena, in fact, were much the same as those observed in a case where 
bromine and allylphenylthiocarbamide were caused to interact 
= the view of obtaining an additive compound (Trans., 1896, 69, 

The chlorodibromo-derivative is very slightly desulphurised by 
boiling with alkaline lead solution, the darkening observed being 
most likely due to the presence of a trace of chloroallylphenylthio- 
crbamide, but it consists, substantially at all events, of the hydro- 
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bromide of a ring compound, either OOIBR< GF ‘N>C-NEPh, or 
CH,Br-CC 
‘N 

The attempts to isolate a pure basic product from the phenylic salt 
having failed, an experiment was next tried using a fatty amine. 

Action of Benzylamine.—Before mixing, the materials were freely 
diluted with alcohol ; the mixture at once became warm, and the odour 
of both constituents was quickly lost. After allowing the solvent to 
evaporate slowly at the ‘ordinary temperature, an acid oil was left, 
which became tenacious on keeping over sulphuric acid in a vacuum, 
but showed no sign of crystallisation at the end of a week. It was 
then dissolved in weak spirit, and the solution treated with a mole 
cular proportion of normal alkali; a brownish, crystalline substance 
was thereby precipitated, the mother liquor from which proved to 
contain much alkali bromide. The precipitate was twice recrystallised 
from weak alcohol, using animal charcoal ; it separated in rosettes of 
pointed prisms, still retaining a brownish tinge, which was eventually 
got rid of by recrystallisation from light petroleum. Thus purified, 
it formed long, flattened prisms, having a very brilliant, pearly lustre, 
and melting at 107—108° (corr.). If cautiously heated over a small 
gas-flame, the substance first melts to a water-clear liquid ; ata higher 
temperature, this suddenly acquires an intense purple colour, resemb- 
ling that of potassium permanganate ; in another moment it decom- 
poses almost explosively, evolving hydrogen sulphide, and leaving 4 
carbonised, deep brown residue. 

On analysis, figures were obtained agreeing fairly with those re- 


quired for the free penthiazoline base, BrOlO< NO -NH-‘C,H, 


FBS 0. NHPh, or one of the (imidic) tautomeric forms, 


or its isomeride, nr ag eo *NH:C,H,. 


Found, S=10°34; N=8°98; Cl+ Br=36°99. 
C,,H,,.N,ClBrS requires S= 10°03 ; N=8°79; Cl+ Br = 36:11 per cent. 


The substance melts when heated with water, in which, however, 
it is nearly insoluble ; it is somewhat sparingly soluble in boiling light 
petroleum, but very freely soluble in ether or hot alcohol; it dis 
solves also in warm dilute hydrochloric or hydrobromic acid, the 
former solution giving no reaction for bromine when treated with 
chlorine water ; the latter, when evaporated down, leaves the hydro 
bromide as a tenacious oil. The alcoholic solution affords with 
silver nitrate a whitish precipitate, scarcely affected by ammonia in 
the cold, but darkening gradually when boiled with it. Alkaline 
lead tartrate produces a white precipitate, which dissolves on heat 
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ing; the solution, when boiled, does not remain ‘perfectly clear, but 
undergoes a trifling desulphurisation ; the base, therefore, was prob- 
ably not quite pure, although its melting point, after three recrys- 
tallisations, varied by only 1°. 


Summary. 


The results of the above experiments may be summarised as follows: 
(1) B-Chloroallylthiocarbimide unites directly with ammonia, and with 
primary and secondary bases, thereby yielding the corresponding 
substituted chlorinated thioureas or thiocarbamides ; these substances 
possess properties similar to those of their non-chlorinated allies. 
(2) B-Chloroallylthiocarbimide absorbs bromine to form £-chloro-By- 
dibromopropylthiocarbimide ; this substance also unites with organic 
bases, but with elimination of half the bromine as hydrogen bromide, 
and formation of saline ring compounds, analogous to those obtained 
from other halogenised fatty bases and thiocarbimides, or from halo- 
genised fatty thiocarbimides and nitrogenous bases. 


CHEMICAL DEPARTMENT, 
QuEEN’s COLLEGE CORK. 


LXI.—Researches on Morphine. Part I. 


By 8. B. Scuryver and Freperic H. Legs. 


Ix our last communication (Trans., 1900, ‘77, 1024), we showed that 
when morphine, C,,H,,0,N, is treated with phosphorus tribromide, the 
alcoholic hydroxyl group is replaced by a bromine atom, and bromo- 
morphide, C,,H,,0,NBr, is obtained. This substance, on treatment 
with water, decomposes according to the equation : 


C,,H,,0,NBr + H,0 = C,,H,,0,N,HBr. 


The base, isomeric with morphine, obtained from this hydrobromide 
was designated isomorphine. Further investigation, however, has re- 
vealed the fact that the product is a mixture of the hydrobromides of 
two isomeric bases, neither of which is identical with morphine. The 
properties of isomorphine, as given in our last paper, are correctly de- 
scribed, since, by the methods of purification adopted, it was obtained 
quite free from the second isomeride, for which we now propose the 
name B-isomorphine. The latter substance is obtained in much smaller 
quantities than tsomorphine ; its specific rotation is considerably higher, 
and it is characterised by the fact that it cerystallises with }-mol. of 
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alcohol, which is only expelled after prolonged heating at 120°, as well 
as by the fact that the free base is readily soluble in cold water. The 
method of separation of isomorphine from B-isomorphine is described in 
detail in the experimental part of this paper, and the further investi- 
gation of these bases is reserved by one of us (F. H. L.). 

It was pointed out in our previous communication that tsomorphine 
differs markedly from morphine in its physiological behaviour, and in 
view of this fact it appeared of interest to determine as fully as_pos- 
sible the chemical relationship between these two isomerides. For 
this purpose, a long series of investigations was instituted. . 

On treatment with acetic anhydride, tsomorphine yields a diacetyl 
derivative, C,,H,,ON(O°CO:-CH,),, which was isolated in the form of a 
crystalline methiodide. 

Phosphorus tribromide, as also hydrobromic acid, reacts with iso- 
morphine and regenerates bromomorphide. This reaction with phos- 
phorus tribromide is in marked contrast to that with phosphorus 
trichloride. Although isomorphine was treated with the latter reagent 
several times, and under varying conditions, in no case could any 
chloromorphide be obtained. The only product that could be isolated 
was a syrupy base, which readily oxidised on exposure to air. It was 
pointed out in the previous paper that chloromorphide is strongly 
levorotatory. The investigation of the action of water on chloromor- 
phide, which is described in detail below, has revealed the fact that 
different products are obtained from chloromorphide and bromomor- 
phide, and we have reason to believe that the two substances are not 
chemically analogous, that is, they are not respectively the chloro- and 
bromo-derivatives of the same base. Bromomorphide is possibly 
bromotsomorphide, since both morphine and isomorphine, on treatment 
with phosphorus tribromide, yield the same bromo-derivative. 

Further experiments described in this paper relate to the exhaustive 
methylation of isomorphine. It was shown in our last paper (loc. cit, 
p. 1039) that tsomorphine methiodide, on treatment successively with 
molecular quantities of silver sulphate and barium hydroxide, yieldss 
product to which a phenol-betaine constitution, CEs oH 
was provisionally assigned. Further experiments have demonstrated 
the correctness of this assumption, for on treatment with methyl 
iodide, the methiodide of an isocodeine was obtained : 


OCH 
C,¢H,,0 + CH, = Ores Ory CH, I 


O 
*SN(0H,), 


According to this equation, the phenolic hydroxyl group of os 
molecule should become methylated by the action of methyl iodide 
That this reaction does in reality take place as shown is evident fro 
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the fact that tsocodeine methiodide has been obtained by two other 
methods, namely : 

(a) By the action of methyl iodide in excess on an alcoholic solution 
of the sodium derivative of csomorphine. 

(b) Codeine, C,,H,,(OCH,)O,N (the methyl ether of morphine), 
when treated with phosphorus tribromide, yields a crystalline derivy- 
tive, C,,H,,(OCH,)ONBr, which, on treatment with water, d2cm- 
poses according to the equation : 


C,,H,,(OCH,)ONBr + H,O = C,,H,,(O0H,)0,N,HBr. 


By this means, the hydrobromide of a base isomeric with codeino i : 
obtained, which may be designated isocodeine, and this product yicld: 
a methiodide identical with that obtained by the two other reactions 
described above. These reactions prove beyond all doubt the phenol- 
betaine constitution of isomorphine methohydroxide, thus clearly dc- 
monstrating an analogy with the corresponding morphine derivative. 

When isocodeine methiodide is treated with sodium hydroxide, i: 
decomposes according to the equation : 


C,,H,,0,(OCH,):N(CH,),.I + NaOH = Nal + _ 
H,0 + C,,H,,0,(0CH;)-N(CH;),. 

The base thus obtained is designated in this paper methi-isomorphi- 
methine, and differs from the base methimorphimethine obtained by an 
analogous reaction from codeine methiodide in that it is slightly dextro- 
rotatory and melts at 167°, whereas methimorphimethine is strongly 
levorotatory and melts at 118°. The methohydroxides of both methi- 
isomorphimethine and methimorphimethine, however, yield one and 
the same nitrogen-free product on heating, namely, morphenol methyl 
ether, OC, 5H,,0,. 

These reactions are characteristic of morpholine derivatives, the 
mechanism of the exhaustive methylation of which may be briefly re- 
presented as follows : * 


H aie H 
eo: se ie OH 


Mic / CH, : gO CH, 
N(CHs), 


y 
N(CH,), Product free from nitrogen. 


OH 


* A more detailed réswmé of the mechanism of these reactions, as interpreted by 


Knorr, is given in the introduction to our previous paper. 
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From the above reactions, a complete analogy between morphine and 


tsomorphine is demonstrated, and this can be seen by a glance at the 
appended table. 


Relationship between morphine and isomorphine. 


Morphine. isoMorphine. 


| 
| 
} 
| 


[a]o. M. p. [a},. 


Base, C,,H,,0,N -182°7°.| 247° ~167° 


(CH,I] 
Methiodide, C,,H,,0,;N,CH,I......... -731 | 279 — 95'2 
| [Ag,SO,+ Ba(OH),] | | 
Methohydroxide, 
C,,H,,0,N,CH,°OH phenol-betaine + H,O phenol-betaine + H,0 
[CH;I] 
Codeine methiodide, 
C,sH,0,N,CHgI 273° -78°9° | 265° | -1021° 
| [NaOH] 
Methimorphimethine, C,,H,,0,N....| 118 -212 | 167 +64°6 
| (CHI) | 
Methimorphimethine methiodide, 
C,)H»,0,N,CH,I 245 -94°5 265 +847 
| [AgOH] | 
Methohydroxide, 
CyoH230,N,CH,°OH .............00008 not isolated | not isolated 
| [Heat] 


Product free from nitrogen, 


Cy 5H 90. { morphenol methyl } { morphenol et 


ether, m. p. 65° ether, m. p. 65° 


From the facts recorded above, the following conclusions may be 
drawn : 

(I.) isoMorphine contains two hydroxyl groups, as evidenced by the 
fact that it forms a diacetyl derivative, and by other reactions. 

(II.) One of these hydroxyl groups is of phenolic character, as is 
evident from the formation of a phenol-betaine derivative. 

(III.) isoMorphine contains a morpholine ring, as demonstrated by 
the products of exhaustive methylation. 

(IV.) The phenanthrene complex exists in isomorphine. This is 
evident from the fact that morphenol methyl ether, the formula of 
which is discussed below, is formed by the action of heat on the 
methohydroxide of methiisomorphimethine. 

These groups are exactly the same as those contained in morphine. 
The question then remains, In what relation does isomorphine stand 


to morphine? To this problem there seems to be but two possible 
solutions. , 
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(a) It is possible that morphine and isomorphine are stereoisomerides. 
If this be the case, the stereoisomerism can have reference to one, and 
oly one, of the carbon atoms, namely, that to which the alcoholic 
hydroxyl group is attached. It has been shown, however, that when 
bromomorphide is treated with water, isomorphine and £-tsomorphine 
are obtained, but no morphine. There are, therefore, three isomerides 
existing, which cannot all be stereoisomeric. It is therefore evident 
that some other explanation must be sought to account for the iso- 
merism of these three substances, although the possibility of stereoiso- 
merism between any two is not absolutely excluded. Nevertheless, 
this explanation of the isomerism between morphine and isomorphine 
seems highly improbable, in view of many facts which are not discussed 
here. 

(b) The only other possibility is that either the nitrogen or the oxygen 
of the morpholine complex is attached to different points of the phenan- 
threne nucleus in morphine and isomorphine respectively. As the same 
morphenol methyl ether isobtained from both morphine and isomorphine, 
it is evident that if these bases are structurally different they can only - 
differ in the point of attachment of the morpholine ring, as the latter 
complex is entirely severed from the molecule in the series of reactions 
by which morphenol methyl ether is obtained. 

It is probable that during the treatment of morphine with phos- 
phorus tribromide a temporary scission of the morpholine ring occurs ; 
such @ scission can take place either at the oxygen or nitrogen atom, 
the latter being the more probable, as several examples of the opening 
ofa saturated ring containing nitrogen are known. Owing to the re- 
placement of a hydroxyl group by a heavy bromine atom, it is possible 
that the shape of the molecule will be altered, and consequently that a 
diferent point of the phenanthrene nucleus having a hydrogen atom 
attached will stand nearer to the nitrogen atom than the point to which 
it was previously attached, supposing a scission to have taken place at 
the latter element. The relationship of morphine and isomorphine to 
one another, according to this hypothesis, may be represented by the 
two following or analogous formule : 

On 
Gus 


isoMorphine, 


* Formula suggested by Knorr. 
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These products would give rise to methimorphimethines of the follow. 
ing constitution : 


_ 
OH-0-CH,-CH,‘N(CH,), 
4 0-CH, 


\4 
One f° O"CHs CH,’ N(CH,), 


\4o: ‘CH, 


The methohydroxides of the two methimorphimethines having the 
constitution indicated should, on heating, yield one and the same mor- 
phenol methyl ether. 


For morphenol, Vongerichten has proposed the following constitution : 


ky bo 
\ Jou 


Now, since the anhydride oxygen group does not pre-exist in methi- 
morphimethine, which forms an acetyl derivative (Knorr, Ber., 1894, 
27, 1149), a morphenol of the above constitution can only be derived 
from substances having the formule given above for morphine and #0- 
morphine by the addition of a hydroxyl group to that point of the 
phenanthrene nucleus to which the nitrogen atom was originally 
attached in the morphine molecule. Such an addition seems improb- 
able, and we venture to suggest for morphenol the following alternative 


formula, which, we believe, explains equally well all the known 
reactions of this compound : 


oh 
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The experiments recorded in this communication have yielded results 
of interest from a standpoint other than the purely chemical. The 
work was originally undertaken to determine the influence of the 
various subsidiary groups (hydroxyl, &c.) upon the physiological action 
of morphine. Incidentally a product, tsomorphine, has been isolated 
which contains the same groups as morphine, namely, two hydroxyl 
groups—one of alcoholic, the other of phenolic nature—a morpholine 
complex and a phenanthrene residue. The two compounds behave 
chemically in a perfectly analogous manner, yet the one is powerfully 
narcotic in its action, the other non-narcotic. In reference to this 
point, attention may be called to the views of P. Ehrlich expressed in 
an address delivered before the Verein fiir innere Medizin, Dec. 12th, 
1898, of which the following is an approximate translation :—‘ From 
the results of previous researches, it appears that the most rational 
method for obtaining substances of therapeutic value is, in the first in- 
stance, to discover substances which have an affinity.for certain organs 
(haptophors), and then to introduce into these substances groups which 
are known to exercise a definite therapeutic action (pharmacophors)” 
(Berliner klinische Wochenschrift, 1900, 36, 17). The experimental 
details upon which the above views are founded are published by 
Ehrlich mainly in two monographs, “ Wertbemessung des Diphtherie- 
heilserums und deren theoretische Grundlagen” (Abdruck aus dem 
Hinisehen Jahrbuch, Bd. II. G. Fischer, Jena, 1897), and ‘‘ Das 
Sauerstoffbediirfniss des Organismus”’ (Fischer, 1885). In the case 
of morphine, the recent researches of Knorr have made it extremely 
probable that the morpholine radicle is the “ pharmacophor” group. 
The “ haptophor” group, however, cannot at present be defined, seeing 
that a seemingly insignificant change in the configuration of the 
molecule can cause such a marked difference in physiological action. 
In this connection, it would be of interest to trace out the influence 
of stereochemical configuration on physiological action, and if a 
distinct difference were demonstrated between various stereoisomerides, 
the result would be such as the researches of E. Fischer and others 
on the sugars and glucosides permit us even now to forecast. 

The further investigation of the substances described in this paper 
is in progress, and it is hoped the results may soon be ready for pre- 
sentation to the Society. 


EXPERIMENTAL. 


B-isoMorphine. 


Separation of isoMorphine and B-isoMorphine.—For the preparation 
and separation of these isomeric bases, bromomorphide was treated 
by a method slightly different from that described in our previous 
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paper (Joc. cit., p. 1035). The method of procedure was as follows, 
Bromomorphide, in lots of 20 grams, was suspended in 200 c., of 
water contained in a reflux apparatus, and to the slightly warmed 
mixture just sufficient glacial acetic acid was carefully added to cause 
the suspended base to dissolve. The solution was vigorously boiled 
for 3—4 hours, and then evaporated to a syrup on the water-bath, 
After several successive additions of alcohol and subsequent evapora- 
tion, this syrup formed a crystalline paste, which was drained by the 
aid of a filter pump: the crystalline salt, after being washed with 
alcohol until white, was allowed to dry by spreading it on a porous 
plate. The total amount of alkaloidal salt obtained was only equivalent 
to somewhat more than 50 per cent. of that theoretically possible. 
The mother liquor, after further concentration, yielded a very dark 
coloured syrup, from which no further amount of crystalline product 
could be obtained. : 

For conversion into base, the salt, in lots of 10—15 grams, was 
dissolved in 100 c.c. of water contained in a separating funnel; the 
solution was covered with a layer of pure ether, and rendered alkaline 
by the addition of 40 c.c. of a saturated solution of sodium carbonate, 
when the liberated base at first separated and then on shaking went 
into solution again. On standing, however, it separated in a beauti- 
fully crystalline form. As no further separation of crystalline base 
occurred after standing for 24 hours, the layer of ether, which was 
found to contain only a small amount of colouring matter, was 
separated from the alkaline aqueous liquid containing the crystalline 
base in suspension. The base was collected by filtration at the pump, 
washed, first with a little water, then with alcohol, and finally recrys- 
tallised from absolute alcohol, from which it separated in clusters of 
prismatic needles ; these melted at 247° with slight decomposition, 
and in methyl alcoholic solution had the specific rotation 
[a]p>= - 166° The product thus obtained (22 grams of base from 
45 grams of the alkaloidal salt) was homogeneous and in all respects 
identical with ésomorphine as obtained from bromomorphide according 
to the method described in our previous paper. 

As the amount of crystalline base thus obtained did not account for 
the whole of the alkaloidal salt employed, it was obvious that the 
alkaline aqueous filtrate from the isomorphine still contained a qual 
tity of base in solution, and in order to obtain this the solution was 
extracted with hot amyl alcohol until the aqueous liquid was free from 
organic base, as was shown by acidifying a portion with hydrochlori¢ 
acid and adding Mayer's reagent. The amyl alcoholic solution was 
Lweishied ones swith a little water, and then extracted four times with 
iailave’ liydtochloric acid. The acid aqueous solution of the hydro 
eehioride of the extracted base was evaporated to a low bulk, and after 
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gveral additions of alcohol, further evaporated, when suddenly the 
yhole formed a crystalline cake ; this was mixed with alcohol and 
cllected at the pump. ‘The crystalline hydrochloride thus obtained 
weighed 8 grams when dry; it was recrystallised from water and 
wparated in rounded clusters of prismatic needles. On determining 
its specific rotation in aqueous solution, the following result was 
obtained : 
ap= —4°32’; 7=1dem.; c=2°257; [a] = —200°8°. 


The aqueous mother liquor from the recrystallised salt was distilled 
with several additions of alcohol in order to eliminate the greater-por- 
tion of the water, and a solution in alcohol was thus obtained from 
which the salt easily crystallises almost in its entirety. This further 
crop of crystalline product was collected, dried, and its specific rotation 
determined, with the following result : 


ay= —2°40'; l= 1 dem. ; ¢=1°358 ; [a]¥ = —196°4°. 


It is thus apparent from these numbers that this hydrochloride is a 
homogeneous product, and that it differs from the hydrochlorides of 
tither isomorphine or morphine, which have respectively the specific 
rotations [a }>°= -—150° and — 111°5°. 

Analyses of the hydrochloride recrystallised from water and (i) dried 
in the steam oven, (ii) dried in the air, were made, with the fol- 
lowing results : 


01542 gave 0:3608 CO, and 00895 H,O. C=63°8; H=6°4. 
01272 ,, 0-2974C0O, ,, 0074 H,O. C=63'7; H=6°5. 
C,,H,,0,N,HCl requires C=63°5 ; H=6:2 per eent. 

R-isoMorphine was obtained from the hydrochloride by suspending 
it in alcohol, and slowly adding a dilute solution in alcohol of one 
atomic equivalent of sodium. The hydrochloride quickly dissolved, 
and after removal of the sodium chloride, the alcoholic solution was 
concentrated, filtered from a further small amount of sodium chloride 
which had separated, and somewhat further concentrated, when a 
glistening, crystalline base was deposited. This was collected and 
recrystallised from hot alcohol, in which it is only moderately soluble, 
and from which it separates in well-defined, double, rhombic pyramids. 
When heated in a capillary tube, the base assumed a softened appear- 
ance at 145__150°, but was otherwise permanent until 182°, when it 
melted sharply without decomposition, and this behaviour on heating 
was not altered after the base had been recrystallised several times 
from aleohol. On analysis, the following numbers were obtained : 


01755 gave 0-447 CO, and 0-1115 H,O. 0=69%5; H=7:1. 


In view of the singular behaviour of this base on heating, and of 
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the fact that the analytical numbers are not in agreement with those 
required for the formula C,,H,,O,N, the presence of alcohol of erys- 
tallisation was suspected. Examination showed that when the crys. 
talline base, previously dried in the steam oven, was heated in an 
open test-tube to a temperature somewhat above its melting point, 
alcohol was evolved, which could be ignited at the mouth of the tube, 
After the evolution of alcohol had ceased, the substance was allowed 
to cool, when it soon set to a hard, light brown resin ; this was pow- 
dered, dissolved in hot alcohol with the addition of a little animal 
charcoal, and the solution filtered while hot, when crystals soon separ- 
ated, which were collected and found to exhibit the same behaviour 
with respect to melting point as the base did before heating. On 
analysis, the following numbers were obtained : 


0°1529 gave 0°3924 CO, and 0:0982 H,O. C=70-0; H=7'1. 
0°6833, heated at 120°, lost 0°0513 C,H,O. C,H,O=7°5. 
(C,,H,,0,N),.,C,H,O requires C=70'1; H=7'1 ; C,H,O =7°4 per cent. 


Analysis of base free from alcohol : 


0:1231 gave 0°3232 CO, and 00778 H,O. C=716; H=7°. 
C,,H,,0,N requires C=71°6 ; H=6°7 per cent. 


The base when free from alcohol melted sharply at 182°. A deter- 
mination of the specific rotation in methyl alcoholic solution of the 
base containing 3-mol. of alcohol of crystallisation gave the following 
result : 

ap= —3°32'; 1=1dem.; c=1°634; [a]p’= — 216-2° 


B-isoMorphine is sparingly soluble in cold, but somewhat more 
readily in hot, alcohol ; it is almost insoluble in ether or light petrol- 
eum, but readily soluble in hot acetone, benzene, or chloroform ; it 
also dissolves easily in water, forming a strongly alkaline solution, 
which almost immediately reduces silver salts. 

The methiodide was prepared in the usual way. On recrystallisation 
from water, from which it separated in glistening tablets, it melted at 
250° with only slight decomposition. On analysis, the following 
numbers were obtained : 


01284 gave 0:2344 CO, and 00627 H,O. C=49'8; H=5-4. 
0°4823 required 11-4 c.c. V/10 AgNO, solution. I=30°0. 
C,,H,,0,N,CH,I requires C=50°6; H=5-1 ; I=29°8 per cent. 


A determination of the specific rotation in aqueous solution gavé 
the following result : 


ap= —3°1l'; /=1 dem.; e=2178; [ae = —1461. 
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‘Reactions of isoMorphine. 


Diacetylisomorphine Methiodide, C,,H,,O,N(CO°CH,),,CH,I.—iso- 
Morphine (2 grams) was dissolved in acetic anhydride (10 grams) and 
the solution warmed on the water-bath for 2 days. The product was 
then mixed with water (100 c.c.), and allowed to stand until all the 
aetic anhydride had dissolved, when the solution was rendered 
strongly alkaline with sodium carbonate. A base separated which 
was readily taken up by pure ether. The ethereal solution, after 
washing once with water, was dried over calcium chloride and the 
ether distilled off. The residual, light yellow syrup, even after many 
successive heatings to 100°, and subsequent standing in an exhausted 
desiccator, showed, however, no signs of crystallising, but when dis- 
solved in alcohol, mixed with excess of methyl iodide, and the mixture 
boiled, a beautifully crystalline methiodide was precipitated. This 
was collected, dissolved in hot methyl alcohol, and the solution allowed 
to stand, when almost immediately the methiodide separated in 
well-formed, silky needles which melted at 241—242° with some 
decomposition. On analysis, the following numbers were obtained : 


01494 gave 0°2815 CO, and 0°0786 H,O. C=514; H=5°8., 
C,.H,,0,NI requires C=51°6 ; H=5:1 per cent. 


Action of Phosphorus Tribromide—When isomorphine (3 grams) 
was added to a solution of phosphorus tribromide (3 grams) in chloro- 
form (10 grams), and the mixture boiled in a reflux apparatus on 
the water-bath, interaction quickly ensued with some evolution of 
hydrogen bromide. The heating was continued for 7 hours, when 
the product, in the form of a gelatinous hydrobromide, formed a 
layer under the chloroform. Alcohol was added in order to decom- 
pose the excess of phosphorus bromide, the resulting clear, light 
yellow solution mixed with an equal volume of water, and the 
whole made alkaline with sodium carbonate and extracted five 
times with pure ether. The ethereal solution was washed with 
water-and shaken out with dilute hydrobromic acid, when almost 
immediately the aqueous layer deposited a sparingly soluble hydro- 
bromide, This was collected and recrystalled from hot water, in 
which it was only sparingly soluble, and from which it separated in 
beautiful, glistening, prismatic needles. The very moderate solubility 
of this hydrobromide, and its crystalline form, suggested at once 
that it was the hydrobromide of bromomorphide, which, as described 
in our previous communication (Joc. cit., p. 1032), can be formed 
from morphine by the action of phosphorus tribromide. This was 
found to be the case, for when the hydrobromide was redissolved 
in water, the solution made alkaline with sodium carbonate, extracted 


574 SCHRYVER AND LEES: 


with ether, and the ethereal solution dried and concentrated, 4 
white, sandy, crystalline base was deposited, which proved to be 
bromomorphide, as it melted at 170° with decomposition, and in 
methyl alcoholic solution had a specific rotation of + 68°, 


ap= +2°36'; 1=2 dem.; c=1°898; [a]p>= +68°. 


Action of Hydrobromic Acid.—As might be expected from the result 
of the last experiment, isomorphine, like morphine (compare previous 
paper, loc. cit., p. 1034), when treated with hydrobromic acid, yielded 
bromomorphide. 

Action of Phosphorus Trichloride.—isoMorphine (5 grams) was treated 
with phosphorus trichloride in a manner exactly analogous to that de- 
scribed for morphine in our previous paper (Joc. cit., p. 1029), and the 
resulting light brown varnish disintegrated with iced water. Theacid 
aqueous solution, made strongly alkaline with sodium carbonate, was ex- 
tracted six times with chloroform, this chloroform solution washed with 
water, dried over calcium chloride, and the solvent distilled off. A small 
amount of a yellow syrup was obtained which showed no signs of 
crystallising even after long standing, but seemed to decompose readily 
when any attempt was made to form a methiodide. Its solution in 
organic solvents seemed to undergo oxidation readily, giving coloured 
solutions not dissimilar to those given by apomorphine under the same 
conditions. Although this reaction was carried out several times and 
under varying conditions, in no case could any chloromorphide be 
isolated from the products of the reactions, thus showing that isomor- 
phine does not resemble morphine in its behaviour with phosphorus 


trichloride. 
isoCodeine Methiodide. 


isoCodeine Methiodide, C,,H,,0,N(OCH,),CH,I, was prepared by the 
three following methods. 

(a) From isoMorphine Methiodide.—To a solution of methiodide 
(5°6 grams) in hot water (150 c.c.) was added a hot aqueous solution 
of silver sulphate (2°1 grams = 14 mol.), Double decomposition 
immediately ensued with precipitation of silver iodide, which was 
separated by filtration at the pump, after the mixture had been boiled 
for some minutes. To the hot filtrate an aqueous solution of barium 
hydroxide [2°5 grams Ba(OH),,8H,O=3 mol.] was added, the mix- 
ture heated to boiling, and carbon dioxide passed through for some 
minutes to precipitate any slight excess of barium. After filtration 
from barium sulphate, the clear, strongly alkaline, aqueous solution of 
the basic hydroxide was concentrated to 50 c.c. on the water-bath, aud 
then placed in an exhausted desiccator over sulphuric acid. In this 
way, a light brown, solid cake was formed, which was readily powdered. 
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This. substance was extremely soluble in water, giving a strongly 
alkaline solution, which proved to be free from silver, iodine, sulphuric 
wid, and barium. The powdered substance was dissolved in hot methyl 
alcohol, excess of methyl iodide added, the solution boiled for half an 
hour on the water-bath, and then concentrated, when a beautifully 
erystalline methiodide separated. This was collected and dissolved in 
hot methyl alcohol, in which it was easily soluble, but separated readily 
m cooling in the form of glistening leafiets melting at 262° with de- 
composition, On analysis, the following results were obtained : 


0:1614 gave 0°3042 CO, and 0:0826 H,O. C=51-4; H=5°7, 
04529 required 10-4 c.c V/10 AgNO, solution, I=29:1 
C,,H,,O,NI requires C=51'7; H=5-5; I= 28°8 per cent. 


A determination of the specific rotation in aqueous solution gave 
the following result : 


ayp= —2°30'; Z=1 dem. ; c= 2°504; [a ]f= — 99°8°. 


isoCodeine methiodide is nearly insoluble in hot ethyl alcohol, but 
readily soluble in hot water, and on concentrating the solution, 
| separates in a beautifully crystalline form. When its solution in 
dilute sodium hydroxide is boiled for two minutes, the clear liquid 
quickly becomes clouded with oily drops, soon solidifying to a erystal- 
line mass, which, after recrystallisation from alcohol, melts at 167°. 
The preparation of this base from isocodeine methiodide is described 
in detail on p. 577. 

(b) By the action of Sodium Ethowide and Methyl Iodide on isoMor- 
phine.—isoMorphine (5°25 grams) was suspended in ethyl alcohol, and 
a solution of sodium (0°42 gram=1 atomic proportion) in alcohol 
slowly added, with shaking. The isomorphine went into solution, 
forming a sodium derivative. Methyl iodide (10 grams) was then 
added, and the solution boiled for 20 minutes, when suddenly a 
crystalline methiodide separated in quantity. This was collected and 
found to melt at 265°, with decomposition. A determination of the 
specific rotation in aqueous solution gave the following result : 


ap= — 2°27’; Z=1 dem. ; c= 2°40; [a] = -—102°1° 


This methiodide was in all respects identical with the one prepared 
by method (a), yielding, on boiling its aqueous solution with sodium 
hydroxide, the base melting at 167°. 

() From Codeine. Bromocodeide, C,,H,.O,NBr.—Codeine dried at 
100° (24 grams) was dissolved in chloroform (60 grams) contained in 
areflux apparatus, and phosphorus tribromide (24 grams), dissolved 
in about an equal weight of chloroform, was added. Immediate inter- 
action took place with development of heat and evolution of some 
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hydrogen bromide, and after a time a gelatinous hydrobromide 
separated from the solution. The whole was boiled for an hour, 
cooled, mixed with an equal bulk of alcohol in order to decompose any 
excess of phosphorus bromide, thrown into water, rendered alkaline 
with sodium carbonate, and extracted six times with a chloroform-ether 
mixture. The chloroform-ether solution of the base, after washing four 
times with water, was dried over calcium chloride and the chloroform. 
ether distilled off, when a light yellow oil remained which almost 
immediately began to crystallise, and soon set to a hard, crystalline 
cake. This was ground up and recrystallised from ethyl alcohol, in 
which it is readily soluble while hot, but only sparingly so in the 
cold ; it separates in the form of beautiful, highly refractive, pearly 
scales, melting at 162° to a faintly reddish-coloured liquid. 
On analysis, the following results were obtained : 


0°1382 gave 0°3059 CO, and 0°0712 H,O. C=60-4; H=5-7, 
03408 ,, 01758 AgBr. Br=21°9. 
C,,H,,0,NBr requires C=59°7 ; H=5°5; Br=22'1 per cent, 


A determination of the specific rotation in ethyl alcohol gave the 
following result : 


ap= +194’; 7=1 dem. ; c=1°887; [a B= +5652 


The yield of bromocodeide, prepared as above, is almost quan 
titative. 

isoCodeine, C,,H,,0,N(OCH,).—This was obtained from bromo- 
codeide by the action of water, as follows. Bromocodeide (20 grams) 
was suspended in water (200 c.c.) contained in a reflux apparatus, and 
to the warmed mixture glacial acetic acid was added, drop by drop, 
until the suspended base just dissolved. The clear solution so obtained 
was boiled for 3 hours, cooled, made alkaline with sodium carbonate, 
and the base which separated taken up by ether. The ethereal solu- 
tion was washed with a little water, dried, and concentrated, when 
on standing a short time a crystalline base melting at 140—14 
separated out. This was collected and recrystallised twice from pure 
dry ether by extraction in a Soxhlet apparatus. The base separates 
from boiling ether in beautiful, long, prismatic needles, which are quite 
free from bromine and melt at 144°. It is very easily soluble in cold 
methyl or ethyl alcohol, and can be readily recrystallised by dissolving 
in a small amount of the former solvent and distilling with repeated 
additions of dry ether. 

A specimen of the base recrystallised from ether was analysed, with’ 
the following results : 


0°1775 gave 04737 CO, and 0°1152 H,O. C=72:7; H=7°2. 
C,gH,,O,N requires C=72:3 ; H=7-0 per cent. 
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Adetermination of the specific rotation in methyl alcoholic solu- 

tion gave the following result : 
ap= —4°2'; l=1 dem. ; c=2°384; [a] = -169°1°. 

There were indications that another base of somewhat higher 
nelting point than isocodeine had been formed, together with the 
latter, during the decomposition of bromocodeide with water ; it was 
present, however, in such small amount that we were unable to isolate 
anything definite. It might be noted that codeine melts at 156—157°; 
is sparingly soluble in cold ethyl alcohol, and has a much lower 
specific rotation than isocodeine. 

isoCodeine methiodide was prepared in the usual way, and as it 
became slightly coloured with iodine during drying, it was recrystal- 
lised from hot methyl alcohol, from which it separated in beautiful, 
glistening crystals melting at 262° with decomposition. A determina- 
tion of its specific rotation gave the following result : 


ap= 2°30’; 7=1 dem. ; c= 2-488; [a }f= -100°5°, 


It is thus seen that these constants are the same as those deter- 
uined for the methiodides prepared by methods (a) and (6), and this, 
together with the fact that the methiodide last mentioned yielded the 
base melting at 167° on treatment with sodium hydroxide, proved in a 
marked manner the complete identity of the substances prepared by 
the three methods. 


the 


‘om0- 
ams) Action of Sodium Hydrowide on isoCodeine Methiodide. 
, and Methi-isomorphimethine, C,,H,,O,N(OCH,).—isoCodeine methiodide 


(6 grams) was dissolved in hot water (25 c.c.), and a 25 per cent. solution 
of sodium hydroxide (6 c.c.) added. The clear solution was boiled for 
2 minutes, when suddenly it became cloudy owing to the separation 
of an oil ; the boiling was continued for 10 minutes and the mixture 
cooled, when the oil formed a light yellow syrup on the bottom of the 
fask, and after a short time solidified to a white, crystalline cake. 
This was separated from the mother liquor, ground up with alcohol, 
wollected at the pump, allowed to drain on a porous plate, and finally 


equite Mrecrystallised from ethyl alcohol, from which it separated in beautiful 
in cold transparent tablets melting at 167°. On analysis, the following 
olving results were obtained : 


011823 gave 0°4876 CO, and 0:1225 H,O. C=72:9; H=7°. 
C,,H,,0,N requires C=72°8 ; H=7°3 per cent. 


A determination of the specific rotation in chloroform solution gave 
te following result : 

a= +2°; 7=1 dem.; c=3-094; [a] = +64°6° 
VOL, LXXIX. 8 8 
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Methi-csomorphimethine is a base and readily forms salts, the hydro. 
chloride separating from water in a beautifully crystalline form, J; 
is only soluble in large quantities of hot ethyl or methyl alcohol, and 
crystallises well from either. On making aqueous solutions of its 
salts alkaline, it can readily be extracted by ether. 

Methi-isomorphimethine Methiodide, C,,H,.0,N(OCH,),CH,I, was pre. 
pared in the usual way by dissolving the base in hot ethyl] alcohol, 
and adding a weight of methyl iodide equal to that of the base taken, 
Almost immediately after mixing, the methiodide separated from the 
hot solution in the form of beautiful, long, white needles melting at 
265° with slight decomposition. On analysis, the following result 
was obtained : 


0:516 required 11:4 c.c. V/10 AgNO, solution. I= 28-05. 
O,,H,,0,NI requires I= 27-91 per cent. 


A determination of the specific rotation in aqueous solution gave 
the following result : 


@= +1°5’; l=2 dem.; c= 156; [a]f = +34:7°. 


Action of Heat on Methi-isomorphimethine Methohydrowide. 


Methi-isomorphimethine methiodide (9°7 grams) was dissolved in hot 
water (100 c.c.), and to the hot solution silver hydroxide, freshly pre 
cipitated from an aqueous solution of silver nitrate (3-8 grams), and 
subsequently well washed with water, was added. Immediate double 
decomposition ensued, with formation of silver iodide and the hydroxide 
of the base. The mixture was allowed to stand for 12 hours, whe 
the silver iodide was filtered off, and the clear, strongly alkaline fi 
trate rapidly evaporated over a free flame to a small bulk. Asm 
evolution of any of the lower fatty amines took place during this cm 
centration, the dark brown syrup was introduced into a 150 cc. flask 
and heated in an oil-bath at 160—170°, when bases smelling df 
ammonia were evolved, and the substance in the flask frothed some 
what. It soon, however, became tranquil, ceased to evolve ami 
and, on cooling, set to a hard mass. Pure ether was added, the mi 
ture boiled for some hours, the ethereal extract filtered froma 
amount of carbonaceous matter formed during the reaction, and th 
ether distilled off. The residue was a fluorescent, light brown 
which quickly solidified to a crystalline mass. This was easily pu 
fied by twice recrystallising from ethyl] alcohol, from which it separa 
in highly lustrous, prismatic needles melting sharply at 65°. Ito 
tained no nitrogen, and was analysed, with the following results: 


0°1666 gave 0°4942 CO, and 0:0686H,O. C=809; H=46. 
C,;H,,0, requires C=81'1 ; H=4°5 per cent. 
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This substance is therefore identical with the morphenol methyl-ether 
(a. p. 65°) obtained by Knorr by an analogous series of reactions from 
morphine (Ber., 1889, 22, 183). 


Action of Water on Chloromorphide. 


Chloromorphide (20 grams) was suspended in water (200 c.c.), and 
glacial acetic acid added carefully to the slightly warmed mixture until 
the base had all entered into solution. The liquid was boiled in a re- 
flux apparatus for 4 hours, and then evaporated to a small bulk. The 
light yellow syrup, after successive additions of alcohol and further 
evaporation, soon set to a crystalline cake, which was ground up with 
alcohol and the whole thrown on to a filter and drained at the pump. 
Asin the case of the action of water on bromomorphide (compare p. 570), 
the alcoholic mother liquor contained a considerable quantity of un- 
crystallisable product, but notwithstanding this the yield of white 
hydrochloride amounted to 50—60 per cent. of the theoretical. On 
determining the specific rotation of this salt in aqueous solution, the 
following result was obtained : 

ap= — 4°48’; J=2 dem. ; c=2°087; [a]f’= -115°% 

The hydrochloride (10 grams) was then dissolved in water (100 c.c.) 
contained in a separating funnel, and 40 c.c. of a saturated solution of 
sodium carbonate were added ; a white, amorphous base separated, which 
readily dissolved in the excess of sodium carbonate employed. The 
clear, alkaline liquid was then extracted ten times with chloroform, the 
chloroform solution washed once with a little water, dried over calcium 
chloride, and the chloroform distilled off. The residue consisted of a 
light brown oil which soon set to a varnish. The alkaline aqueous 
liquid was further extracted with chloroform until, on distilling off the 
latter, no more of the varnish was obtained, This base was readily 
dissolved by hot ethyl alcohol, and the solution, after boiling with a 
little animal charcoal, filtering, concentrating, and standing a short time, 
deposited a mass of glistening crystals, which was collected and re- 
crystallised from ethyl alcohol. This crystalline base so obtained had 
all the properties of B-isomorphine, obtained, together with csomorphine, 
by the action of water on bromomorphide, as described on p. 571; it 
melted in an identical manner. On analysis, the following results 
Were obtained ; 

01564 gave 0:3998 CO, and 0°0992 H,O. C=69°7; H=7°0. 

(C,,H,,0,N),,0,H,O requires C=70'1 ; H=7°1 per cent. 

A determination of the specific rotation in methyl alcoholic solution 

gave the following result : 


@= — 3°22’; 1m dem, ; c=1°556; [a] = —216°3°. 
$8 2 
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The alkaline aqueous solution from which all the B-isomorphine had 
been extracted by chloroform was then shaken out with successive 
amounts of hot amy! alcohol, until the aqueous portion, after acidify. 
ing, showed no reaction on the addition of Mayer’s reagent. The amy! 
alcoholic solution, after washing once with a little water, was extracted 
several times with dilute hydrochloric acid, and the acid aqueous 
solution of the hydrochloride evaporated toa small bulk, alcohol added, 
and the evaporation continued, This addition of alcohol, followed by 
evaporation, was repeated several times, when the hydrochloride was 
obtained as a crystalline cake which, after mixing with more alcohol, 
was drained and washed at the pump. The salt was then dissolved 
in water, from which solvent it crystallised. Two fractions of crystal. 
line hydrochloride obtained from water, on determining their specific 
rotations in aqueous solution, gave the following results respectively ; 


ap= —4°4'; J=2dem.; c=2°17 ; [a}p= -94° 
ap= —3°51’; l=2 dem.; c=2°081; [a]p= —92°5°. 
It would thus seem as if this were a pure hydrochloride of a base 
which has not hitherto occurred during the course of this work. Its 


further investigation, together with that of B-isomorphine, will, however, 
form the subject of a future communication. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES. 


LXII.—The Constitution of Pilocarpine. Part II. 
By Hooper ALBERT Dickinson Jowett, D.Sc. 


In former papers (this Journal, 1900, '7'7, 494, 851), it was shown that 
the nitrogen atoms occur in isopilocarpine as :NH and ‘NCH, and 
that when oxidised with permanganate, an acid of the formula 
C,H,,0, is produced. The constitutional formula, 


asa? ol ~ ss 


was provisionally assigned to this acid, but as it is at present under 
investigation, and as frequent reference has to be made to it in this 
paper, the name of pilopic acid is proposed for it. |The present paper 
deals with experiments on pilocarpine and isopilocarpine, chiefly » 
the latter, as it is the more stable of the two alkaloids, and it was 
thought that the nature of the isomerism could be more conveniently 
studied when the constitution of the more stable isomeride had bee 
determined. By the action of bromine on ¢sopilocarpine under vary 
ing conditions, several new products have been obtained. 
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pilocarpine, C,,H,,0,N,Br,, is obtained as the first and principal pro- 
duct of the interaction of bromine and isopilocarpine at the ordinary 
temperature. When the reaction is carried out in acetic acid solu- 
tin, small quantities of an acid, probably isopilocarpinic acid, 
(,H,,0,N,, are formed, together with a very small quantity of mono- 
bromoisopilocarpine, C,,H,,O,N,Br. Dibromoisopilocarpine is a very 
feeble base, does not react with methyl iodide, and on reduction yields 
ispilocarpine quantitatively, identical in all respects with the parent 

base, On oxidation with permanganate, it yields methylamine, 2 
little ammonia, pilopic acid, and a new crystalline acid, pilopinic acid, 
0,H,,0,N. On further oxidation, the latter acid yields ammonia and 
pilopic acid. 

When bromine acts on isopilocarpine in aqueous solution at 100° in 
a sealed tube, two chief products are formed, dibromoisopilocarpinic 
acid, C,,H,,0,N,Br,, and monobromoisopilocarpinic acid, C,,H,,0,N,Br, 
the former being a well-defined, crystalline acid, whilst the latter has 
only been obtained as an impure oil. Both these acids, on reduction 
with zine and glacial acetic acid, yield the same product, isopilocar- 
pinolactone, C,,H,,0,N,. This substance, obtained in well-defined 
crystals, isa neutral lactone, and with barium hydroxide yields the 
barium salt of hydroxyisopilocarpinic acid. It possesses one re- 
markable character, namely, it is non-basic ; it can be recrystallised 
from hot dilute acids, and does not unite with methyl iodide even 
at 100°. When dibromoisopilocarpinic acid is reduced in alcoholic 
slution with sodium amalgam, the molecule is broken down and 
pilopie acid is formed. Dibromopilocarpine has been further studied, 
and it has been found, contrary to the statements of Pinner and 
Kohlhammer (Ber., 1900, 38, 1424), who first prepared this substance, 
that, like its isomeride, dibromoisopilocarpine, it is very feebly basic 
and does not unite with methyl iodide. On reduction, it yields 
pilocarpine quantitatively, identical in all respects with the parent 
base. Experiments made to prepare bromocarpinic acid, first de- 
sribed by the above-mentioned authors, proved unsuccessful, and 
the amorphous acids, obtained by the action of bromine on pilocar- 
pine at 100° in aqueous solution and in a sealed tube, yielded, on 
reduction, an amorphous acid which was certainly not cai pinic acid, 
but probably pilocarpinic acid, C,,H,,0,N,. 

In addition to the description, mode of preparation, &c., of the 
above-mentioned new substances, a number of experiments are re- 
corded, in many cases with negative results, but which have an 
important bearing on the constitution of the alkaloid. 

It is shown that isopilocarpine is unaffected by reducing agents 
sch as sodium in boiling amyl alcoholic solution or concentrated 
hydriodic acid at 127°, and does not exhibit the characteristic 
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behaviour of an unsaturated compound towards bromine or a saturated 
solution of hydrogen bromide in glacial acetic acid. The ‘base is 
also remarkably stable towards chromic acid; action takes place 
only on prolonged heating, and no crystalline substance has been 
isolated from the product. Finally, although a full discussion of 
these results is reserved for a future communication, some of the 
more important theoretical points of interest are alluded to at the 
conclusion of this paper. 


Action of Bromine on isoPilocarpine, 


(1) In Acetic Acid Solution.—When bromine acts upon isopilocarpine 
at the ordinary temperature, dibromoisopilocarpine, C,,H,,0,N,Br,, 
is the chief product of the reaction; the experiment is best carried 
out in an acetic acid solution in a manner similar to that described 
by Pinner and Kohlhammer (loc. cit.) for the preparation of dibromo- 
pilocarpine. When solutions of bromine and ‘tsopilocarpine in 80 
per cent. acetic acid are mixed, an oily precipitate is formed which, 
however, quickly dissolves, and, on standing, the crystalline dibromo- 
isopilocarpine perbromide separates in brownish needles. By the 
addition of water to the mother liquor, a further crop of crystals is 
obtained, but in most cases it was noted that the yield was only 60 
per cent. of the theoretical, so the mother liquor from the crystals 
was further examined to discover the cause of the deficiency. The 
mother liquors, from which excess of bromine had been removed by 
long standing, either in the air or over caustic alkali, were extracted 
several times with ether, the ether then removed by distillation, and 
the residue boiled with water until all the acetic acid had been driven 
off. By this method, an oily acid residue was obtained, readily 
soluble in ether, alcohol, or benzene, but only sparingly so in water. 
After long standing in a vacuum over sulphuric acid, a solid varnish 
was obtained which could not be crystallised. It was therefore 
converted into the barium salt ‘by adding water and boiling with 
excess of barium carbonate, filtering, and evaporating the solution 
to a low bulk. The barium salt was then precipitated with absolute 
alcohol, and was obtained as a microcrystalline powder which con 
tained no bromine, and was analysed, with the following results : 


00926 gave 0:0358 BaSO,. Ba=22°7. 
0-131 ,, 10 cc. moist nitrogen at 20° and 766 mm. N=8*. 
(C,,H,,0,N,).Ba requires Ba = 22'3 ; N =9:1 per cent. 
The acid liquid, after extraction with ether, was rendered alkaline 
with ammonia and shaken several times with chloroform. After 
removing the chloroform by distillation, a small quantity of « neutral 
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aystalline substance was obtained. It was purified by repeated 
arystallisation from alcohol until of constant melting point, and then 
melted sharply at 164° (corr.). The quantity obtained was too small 
toadmit of a complete analysis, but it was found to contain bromine 
and nitrogen. On analysis, the following results were obtained : 


0:0276 gave 0°046 CO, and 0°0132 H,O. C=454; H=5:3. 
C,,H,,0,.N,Br requires C=45°9; H=5:2 per cent. 


From these results, it would appear almost certain that this sub- 
stance is monobromoisopilocar pine. 

The alkaline liquid, after extraction with chloroform, was acidified 
with sulphuric acid, and then boiled to remove all acetic and hydro- 
bromic acids. It was neutralised with caustic potash, evaporated to 
dryness, and extracted with absolute alcohol. A slight excess of 
sulphuric acid was next added to the alcoholic extract, and the pre- 
tipitated potassium sulphate removed by filtration. Water was added 
to the alcoholic filtrate, the alcohol removed by evaporation, the 
aqueous solution boiled with excess of barium carbonate, and the 
barium salt separated from the filtrate by evaporation and precipita- 
tion with alcohol. This barium salt contained no bromine, and on 
analysis furnished the following results : 


0113 gave 0:1648 CO, and 0:05 H,O. C=39°8; H=4°9. 
00942 ,, 7 c.c. moist nitrogen at 20° and 756 mm. N=8°3 
01072 ,, 0:0418 BaSO,. Ba= 22-93. 
00956 ,, 0-0364 BaSO,. Ba=22-40. 
(C,,H,,0,N,),Ba requires C = 42°9; H= 4-9; Ba = 22°3; N =9°1 per cent. 


The low percentage of carbon found might be due to the difficulty 
of burning a barium salt in an open tube, and to the presence of slight 
impurity in the material burnt. The yield of these bye-products was 
small, and the difficulty of isolating the pure acid so great, that the 
investigation was not further pursued on these lines. Although the 
acid could not be obtained in crystalline form and its character deter- 
mined, yet the results of the analyses indicate that only one acid, 
iwopilocarpinic acid, C,,H,,0,N,, is present. Further, the method of 
preparation, and the close agreement of the analytical numbers of 
three of the constituents with that required by theory, justify the 
assumption that the acid is sufficiently pure to assign the above 
formula to it. 


The action of bromine on isopilocarpine in acetic acid solution is 
therefore one mainly of substitution, with the formation of dibromo- 
wopilocarpine and a very small quantity of monobromoisopilocarpine, 
but at the same time a small proportion of the ¢ésopilocarpine is 
tidised to isopilocarpinic acid. 
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(2) In Chloroform Solution.—When chloroform solutions of bromine 
and isopilocarpine are mixed, a thick, red oil separates, which does 
not readily crystallise. By the addition of ammonia to this oil, 
decolorisation takes place, and a white, crystalline substance is 
obtained which, on examination, proved to be dibromoisopilocarpine, 

Even when a small amount of bromine was added to isopilocarpine, 
dibromoisopilocarpine was obtained, and monobromoisopilocarpine 
could not be isolated by this method. 

(3) In Aqueous Solution—When bromine water is added to an 
aqueous solution of isopilocarpine, the colour is instantly discharged, 
and dibromoisopilocarpine separates as a white, crystalline precipitate. 
A good yield of the latter substance can be obtained by this method, 
but it is not so convenient as that previously described. When excess 
of bromine was added, and the solution boiled to remove bromine, no 
crystals separated on cooling, but after extracting the acid liquid 
with ether and removing the ether by distillation, an oily acid was 
obtained which did not crystallise even after long standing. 

The barium salt, prepared in the usual manner with barium car- 
bonate, was found on analysis to contain 24°8 per cent. of barium and 
14°45 per cent. of bromine. These figures do not agree with thos 
required for any likely formula for the acid, so the substance was 
probably a mixture. 

(4) In Aqueous Solution at 100° under presswre.— When bromine is 
added to an aqueous solution of isopilocarpine, and the mixture heated 
in a sealed tube at 90—140° for some hours, the dibromoisopilocarpine 
first produced is oxidised to several acids. The reaction is best carried 
out as follows, 3°5 grams of isopilocarpine were dissolved in 40 c.. 
of water, 2°5 grams of bromine added, and the mixture heated in 4 
sealed tube for 6 hours at 100°. The contents of the tube were then 
evaporated on the water-bath to remove bromine, and on cooling, 
erystals of dibromoisopilocarpinie acid, C,,H,,0,N,Br,, separated. The 
acid liquor, after filtration, was then extracted several times with 
ether, and, after distillation, the ethereal extract yielded 8 eymipy 
acid residue consisting chiefly of monobromoisopilocarpime acid, 
C,,H,,0,N,Br. 

The yields of these acids were found to depend on the temperature 
employed, and the following results were obtained : 


At 100°, 65 per cent. C,,H,,O,N,Br, and 71 per cent. ether extract. 
At 130°, 16 ” ” ” ” 70 ” ” ” 


The best yield of dibromoisopilocarpinic acid was obtained by heating 
for 6 hours at 100°. : 

The residual liquid, after extraction with ether, was made alkaline 
with caustic soda and distilled. The volatile bases obtained wer 


— 
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identified as ammonia and methylamine, and were present in equal 
proportions. .The soluble hydrochloride gave a platinichloride con- 
taining Pt=41-1 per cent. (CH,*NH,),H,PtCl, requires Pt=41°3 
percent. The alkaline liquid was next boiled with excess of acid, 
made alkaline with ammonia, and extracted with chloroform. The 
chloroform extract yielded a small quantity of dibromoisopilocarpine. 
The residual liquid was neutralised, evaporated to dryness, the residue 
extracted with absolute alcohol, and the alcoholic extract saturated 
with hydrogen chloride. The alcoholic liquid was then distilled, the 
residue thrown into water, and the aqueous solution extracted several 
times with ether. 

The ethereal liquid was washed with water, dried over calcium 
chloride, and distilled, when an oil was left of which part distilled at 
280—300°, and gave no reaction for nitrogen, but a decided one for 
bromine. This oil was probably the ethyl ester of bromopilopie acid. 
The residual oil was almost solid, and contained both nitrogen and 
bromine, and probably consisted largely of the ethyl ester of bromo- 
pilopinic acid. 

The main products of this reaction are therefore the two bromoisopilo- 
carpinic acids, but a portion of the molecule suffers further oxidation 
with the splitting off of ammonia and methylamine, and the formation of 
bromopilopinic and bromopilopic acids, these acids being formed, 
however, only in small amount. 


Dibromoisopilocarpine, C,,H,,O,N,Brg. 


This substance may be obtained in various ways, but was most 
economically and conveniently prepared as follows. Forty-six grams of 
pure isopilocarpine were dissolved in 200 c.c. of glacial acetic acid and to 
this 72 grams of bromine dissolved in 72 c.c. of glacial acetic acid 
were gradually added. The precipitate which forms at first was redis- 
solved, and, on standing, crystals of the perbromide separated. One 
hundred c.c. of water were added, and the mixture allowed to stand for 
44 hours. The crystals were then filtered off, washed first with 30 per 
cent. acetic acid, and then with water, and drained on the filter pump. 
The crystals of the perbromide were suspended in excess of strong 
aqueous ammonia, when nitrogen was evolved, and a white, crystalline 
mass separated. The crystals were filtered off, washed well with cold 
water, and then recrystallised from hot alcohol until pure. The yield 
varied from 60 to 70 per cent. of the theoretical. 

Dibromoisopilocarpine perbromide, C,,H,,0,N,Br,,HBr,, crystallises 
from glacial acetic acid in long, yellowish-brown needles which melt at 
165°(corr.). The crystals readily lose bromine either on exposure to the 
airor in solution, and the salt cannot be recrystallised without losing 
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bromine. A specimen recrystallised once from glacial acetic acid was 
analysed, with the following result : 


0°113 gave 0°152 AgBr. Br=57°2. 
C,,H,,0,N,Br," HBr, requires Br= 65-9 per cent. 


When treated with sodium thiosulphate, the crystals give the calculated 
yield of dibromoisopilocarpine. 

Dibromoisopilocarpine, C,,H,,0O,N,Br,, crystallised in well-defined, 
rectangular, anhydrous prisms which, after frequent recrystallisation 
from alcohol, melted at 135° (corr.). This melting point was not altered 
on further recrystallisation. The crystals are almost insoluble in water, 
alcohol, or ether, but are more soluble in hot alcohol, acetone, or strong 
acids. A 6 per cent. solution in acetone was optically inactive, On 
analysis, the following results were obtained : 


0°1736 gave 0°2316 CO, and 0:0608 H,O. C=36'4; H=3°88, 
0°2254 ,, 15°8c.c. moist nitrogen at 18° and 766 mm. N=7-98, 
0'2286 ,, 0°2326 AgBr. Br=43-30. 
C,,H,,0,N,Br, requires C = 36:07 ; H=3°82; N=7°65; Br=43°71 per 
cent. 


This substance is only very feebly basic, it does not react with methyl 
iodide, and when boiled with excess of dilute acids is recovered un- 
changed. It dissolves in strong acids, but on dilution the original 
substance, and not the salt, is precipitated. The perbromide can only 
be obtained by adding excess of bromine to a solution of the substance 
in strong hydrobromic acid. 


Reduction of Dibromoisopilocarpine. 


When dibromoisopilocarpine is reduced either by sodium in amyl 
alcoholic solution or by zine and glacial acetic acid, isopilocarpine is 
formed quantitatively. 

(1) By Sodium in Amyl Alcohol Solution.—One part of isopilocarpine 
was dissolved in 20 parts of amyl alcohol (boiling at 135—140°) im a 
reflux apparatus, and, when the solution was boiling vigorously, one part 
of sodium was added in two portions. When action had ceased, the 
alcoholic solution was extracted several times with dilute sulphuric acid, 
and the acid liquid boiled to remove amy] alcohol and to decompose the 
sodium salt of isopilocarpine. The acid liquid was then made alkaline 
with ammonia, extracted several times with chloroform, and the chloro- 
form removed by distillation. The residue obtained was a colourless, 
thick oil, soluble in water, and alkaline to litmus. It was converted 
into the nitrate in the usual way, and, after one recrystallisation, this 
salt melted at 159° (corr.), and when mixed with an equal weight of 
pure isopilocarpine nitrate melted at the same temperature. 
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A determination of the specific rotation gave the following result : 


ap = +1°; 2=1 dem. ; c=2°584; [a}P= +38°7° 
For isopilocarpine nitrate [a])= +35°7°. 


On analysis : 


0112 gave 0°1986 CO, and 0°064 H,O, C=484; H=6°3. 
C,,H,,0,N,,HNO, requires C = 48°6 ; H=6°3 per cent. 


The picrate, prepared in the usual way, melted at 161° (corr.); the 
platinichloride, which melted at 227°, was analysed, with the following 
result : 


00228 gave 00054 Pt. Pt= 23°68. 
(C,,H,,0,N,).,H,PtCl, requires Pt = 23°58 per cent. 


(2) By Zine and Glacial Acetic Acid.—This is the most convenient 
method for carrying out the reduction. Dibromoisopilecarpine was 
dissolved in a convenient quantity of glacial acetic acid, zine dust added, 
and the mixture kept at 60—70° for 12—-24 hours. The solution was 
diluted with water, filtered, the filtrate made alkaline with ammonia, 
and extracted with chloroform. After removing the chloroform by 
distillation, a residue was obtained which yielded a crystalline nitrate 
melting at 159° (corr.) and a crystalline picrate melting at 161° (corr.). 

The physical constants and analyses just given prove that the base 
formed by the reduction of dibromoisopilocarpine is identical in all 
respects with the original base, isopilocarpine. 


Oxidation of Dibromoisopilocarpine with Permanganate. 


When dibromoisopilocarpine is oxidised with a limited quantity of 
permanganate, the bromine is eliminated as hydrogen bromide, and, in 
addition, two acids are formed, pilopic acid, C,H,,0,, previously ob- 
tained by the oxidation of isopilocarpine with permanganate, and a 
new acid, pilopinic acid, C,H,,0,N, together with methylamine and a 
small quantity of ammonia. Pilopinic-acid is readily oxidised to 
ammonia and pilopic acid, and hence is only obtained in small quan- 
tity, the best. yield being 20 per cent. of the theoretical, an equal 
amount of pilopic acid being formed at the same time. Experiments 
Were made with varying amounts of permanganate, and under different 
conditions, but the best results were obtained with 3 molecular pro- 
Portions of permanganate. The formation of pilopinic acid may be 
expressed by the following equation : 


C,,H,,0,N,Br, + 40 + 2H,0 =0,H,,0,N + NH,"CH, + 2CO, + 2HBr. 


The reaction was carried out as follows. To 36 grams of potassium 
permanganate dissolved in 600 c.c. of water, 24 grams of finely 
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powdered dibromoisopilocarpine were added, the mixture well shaken, 
raised to a temperature of about 80°, and then allowed to stand over. 
night. The manganese dioxide was filtered off, and the filtrate, which 
was slightly coloured, decolorised by the addition of a few drops of 
sulphuric acid, when a little bromine was set free. The liquid was 
now made alkaline with caustic soda, distilled, and the alkaline distil. 
late collected in hydrochleric acid. This acid solution was evaporated 
to dryness, when a crystalline residue was obtained which was almost 
completely soluble in absolute alcohol. The insoluble portion was 
stable in the air, and was ammonium chloride. The greater portion 
was soluble in absolute alcohol, and was converted into the platini- 
chloride and analysed, with the following result : 


0-092 gave 0:0382 Pt. Pt=41°5. 
(CH,°NH,),,H,PtCl, requires Pt = 41:3 per cent. 


The relative proportion of the bases thus formed is the opposite of 
that obtained by the oxidation of isopilocarpine when the ammonia 
forms the larger portion. The alkaline liquid remaining after distilla- 
tion was neutralised with sulphuric acid, evaporated to dryness, the 
residue mixed with sand, dried, extracted with hot absolute alcohol, 
and esterified in a similar manner to the ester obtained from isopilo- 
carpine by oxidation. In this way, 5°3 grams of a very thick oil were 
obtained. It was distilled under 10 mm. pressure, when about half 
came over at 180°, leaving a thick oil which distilled at about 250°. 

The first fraction was distilled -under the ordinary pressure, and 
after three fractionations the greater part was obtained as an oil which 
distilled as a pale, straw-coloured, mobile liquid at 290—300°. On 
analysis, the following results were obtained : 


0°1632 gave 0°3487 CO, and 0114 H,O. C=58-27; H=7°76. 
C,H, ,0, requires C=58°07 ; H=7°53 per cent. 

The ester of lower boiling point was therefore the monoethyl ester 
of pilopic acid. 

The fraction of higher boiling point would not distil under the 
ordinary pressure, but after refractionation under 10 mm. pressure 
distilled with difficulty and fairly constant at 262°. On analysis, the 
following results were obtained : 


0°2628 gave 0°5402 OO, and 0°1674 H,O. C=561; H=7'l. 

01954 ,, 0401400, ,, 0°1266H,O. C=561 ; H=772. 

0182 ,, 1llec. moist nitrogen at 18° and 763 mm. N=66. 
C,)9H,,0,N requires C=56'3; H=7:0; N=6'6 per cent. 


This ester is a very pale straw-coloured, thick oil, insoluble in water 
but soluble in alcohol or ether. It is non-basie, and yields no platinum 
salt. 
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Pilopinic Acid, C,H,,0,N. 


This acid, obtained by the hydrolysis of its ethyl ester, can be crys- 
tallised with considerable difficulty, but is generally obtained as a 
colourless syrup. 

It is best prepared as follows. The pure distilled ester is boiled in a 
reflux apparatus for several hours with 30 per cent. aqueous sulphuric 
acid, then transferred to a beaker, boiled with a little animal charcoal, 
and filtered. The acid solution is saturated with ammonium sulphate 
and extracted with pure ether, the ether extract washed with water, 
and then evaporated. On long standing in a vacuous desiccator, crys- 
tals are sometimes obtained, but these appear to be mixed with an 
oily substance, which is sometimes present in sufficient amount to pre- 
vent the acid from crystallising. The crystals are drained on a 
porous tile, and recrystallised from ethereal solution by precipita- 
tion with light petroleum. The acid crystallises in pearly plates 
which melt at 98° and are soapy to the touch. It is soluble in 
most of the ordinary organic solvents except light petroleum, and 
this fact renders its separation from the oil, which accompanies it 
in slight traces, a most difficult matter. The pure crystalline acid 
was analysed, with the following result : 


0106 gave 0°203 CO, and 0°0594 H,O. C=52:'2; H=6:2. 
C,H,,0,N requires C=51'9; H=5°9 per cent. 


The crystals melt readily to an oil, which does not distil unde- 
composed, even in a vacuum. 
Titrated with decinormal alkali, with phenolphthalein as indicator : 


0°2138 required, in the cold, 11°7 c.c. for neutralisation, and when 
boiled with excess of alkali and titrated back with acid, 21°8 c.c. 
C,H,,0,N requires 11°5 c.c. and 23°1 c.c. respectively. 


Neither the acid nor the ethyl ester appears to be basic, or forms 
a salt with platinic chloride. 

The acid is levorotatory, a determination of its specific rotation 
in dilute alcoholic solution giving the following result : 


ay = —0°4°; 7=0°5 dem. ; c=5°9; [a]f= — 13°6°. 


Some of the oily acid which had not been crystallised was converted 
into the barium salt by boiling with excess of barium carbonate, filter- 
ing, evaporating the aqueous solution to a low bulk, and precipitating 
with absolute alcohol. In this way, the barium salt was obtained asa 
microcrystalline powder, very soluble in water, but only sparingly 
80 in alcohol, On analysis, the following results were obtained : 
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0°1948 gave 8°6 c.c. moist nitrogen at 20° and 756 mm. N=4:9, 
0'1064 ,, 0°0466 BaSO, Ba=25°8, 
(C,H,,0,N),Ba requires N=5°5 ; Ba=27'1 per ceht. 
The results obtained for both nitrogen and barium are low, no doubt 
owing to slight impurity, but prove conclusively the lactonic monobasic 
nature of pilopinic acid. 


Oxidation of Pilopinie Acid. 

The most important point in connection with the study of pilopinic 
acid was the identification of the nitrogenous product of oxidation, 
The formation of pilopic acid, together with pilopinic acid, during the 
oxidation of dibromoisopilocarpine proves almost conclusively that pilo- 
pinic acid, on further oxidation, yields pilopic acid, but it was of the 
utmost importance to determine whether pilopinic acid contained the 
:NH or the ‘NCH, group present in ésopilocarpine. 

The whole of the acid and ester at disposal was therefore oxidised 
with potassium permanganate in excess, the precipitated manganese 
dioxide removed by filtration, and the filtrate rendered strongly alkaline 
with caustic soda and distilled. The volatile alkali was converted into 
the hydrochloride, and yielded a crystalline residue, insoluble in absolute 


alcohol. The platinichloride prepared from it did not fuse on heating, 
but gave off white fumes. The only base formed by the oxidation of 
pilopinic acid is therefore ammonia. The oxidation of pilopinic acid 
may be expressed by the equation : 


C,H,,0,N + O + H,O = C,H,,0, + NH, + CO,. 


Dibromoisopilocarpinie acid, C,,H,,0,N,Br,. 

The mode of preparation of this acid has already been described. 
The crude product was purified by repeated recrystallisation from 
hot 90 per cent. alcohol until of constant melting point. It crys 
tallises in well-defined, rectangular prisms, which melt with effervescence 
and decomposition at 235° (corr.). The crystals are fairly soluble in 
cold alcohol, more so in hot alcohol, but almost insoluble in water or 
ether. They are anhydrous, but owing to the ease with which they 
lose bromine when heated they must be dried in a vacuum. On analysis, 
the following results were obtained : 


0°1362 gave 0°1612 CO, and 0:0462 H,O, C=32°3; H=377. 
01522 ,, 0181000, ,, 00502 H,0O. C=324; H=3°7. 
02284 ,, 0271800, ,, 00746 H,O. C=32°5; H=3°6. 
0:2042 ,, 138 c.c. moist nitrogen at 16° and 755 mm. N=7°6. 
01538 ,, 01442 AgBr. Br=39°9. 
C,,H,,0,N,Br, requires C=33:16; H=3°52; N=7'1; Br=40°2 pe 
cent. 
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The persistently low figures obtained for the carbon in these analyses 
cannot be explained, although it is possible that the large amount of 
bromine present may have some effect on the combustion. The acid is 
dextrorotatory, a determination of its specific rotation in alcoholic 
solution giving the following result : 


a= +1°6°; J=1 dem.; c=6'544; [a] = +24:4°. 


The determination of the basicity of this acid proved unexpectedly 
tobea most difficult problem. The first attempts were made by titration 
with cold and hot caustic alkali in the usual manner, and results were 
obtained indicating a tetrabasic acid. On examining the solution, it 
was found that the acid had been decomposed and sodium bromide 
formed. 

Attempts to prepare the barium salt were unsuccessful, as even with 
barium carbonate the acid was decomposed. 

The only way by which an approximate titration could be made was 
as follows : 


0'2 gram of acid was dissolved in alcohol and 5°5 c.c. of deci- 
normal sodium carbonate were added ; the liquid was found to be 
distinctly acid to litmus. Five c.c. of alkali were then added, and 
as the liquid was now distinctly alkaline, it was boiled and rapidly 
titrated back with decinormal acid ; the total amount of decinormal 
alkali required was thus found to be 7:0 c.c. C,,H,,O,N,Br,, if 
monobasic, requires 5-0 c.c. 


The acid is therefore certainly not dibasic, and, as it acts towards 
sodium carbonate as a monobasic acid, the excess of alkali used may be . 
due either to slight decomposition of the acid, or to the effect of the 
lactonie grouping originally present in isopilocarpine. 

Attempts to make the silver and ammonium salts were unsuccessful. 
The basicity was finally determined as follows. About 0°5 gram of acid 
was dissolved in slight excess of ammonia and then left in a partly ex- 
hausted desiccator over sulphuric acid for 18 hours. The solution, 
which was perfectly neutral to litmus, was precipitated with platinic 
chloride, the mixture evaporated to a low bulk on the water-bath, 
alcohol added, and the platinum salt ignited and weighed. 


04838 acid gave 0°1192 Pt. Pt=24°63. 
C,,H,,0,N,Br, requires Pt = 24-74 per cent. 


Dibromoisopilocarpinic acid is therefore monobasic. 


Action of Reducing Agents on Dibromoisopilocarpinic Acid. 


(1) With Sodium in Amyl Alcohol Solution.—This method having 
given good results with dibromoisopilocarpine, was first tried, One 
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gram of acid was dissolved in 20 c.c. of amyl alcohol (boiling point, 
about 135°) and 2 grams of sodium added in two portions to the boiling 
solution, which was kept in vigorous ebullition in a reflux apparatus 
until all the sodium had dissolved. 

The alcoholic solution, which was slightly coloured, was extracted by 
shaking with water, the sodium salt decomposed by boiling with acid, 
and the acidified aqueous liquid extracted with ether. The ethereal 
residue, which was very small, crystallised on standing. The crystals 
melted at 189° (corr.), were insoluble in water, decomposed sodium 
carbonate solution with effervescence, and were acid to test paper.| The 
quantity obtained was too small to admit of further examination, and 
attempts made to increase the yield were unsuccessful. 

(2) With Sodium Amalgam in Alcoholic Solution.—Three grams of 
the acid were dissolved in alcohol, sodium amalgam was added in con- 
siderable excess, and the mixture allowed to stand for several hours. 
Water was then added, the mixture warmed and filtered. The alkaline 
liquid was then strongly acidified with sulphuric acid and repeatedly 
extracted with ether. The ethereal solution was washed with water 
and distilled to a low bulk, when, on allowing the remainder of the 
ether to evaporate spontaneously, an oily residue was obtained which 
after a time crystallised. The crystals were freed from the rancid- 
smelling oil accompanying them by draining on a porous tile, and 
were recrystallised from ethereal solution by the addition of light 
petroleum. After several recrystallisations, they melted at 103° (corr.), 
and the acid on titration gave the following results : | 


0-093 gram required for neutralisation in the cold, with phenolph- 
thalein as indicator, 5°7 c.c. decinormal alkali, and after boiling with 
excess of alkali and titrating back with acid, 10°9 cc. ©,H,0, 
requires 5°9 c.c. and 11°8 c.c. respectively. 


The crystalline acid contained no nitrogen, and on analysis afforded 
the following results : 


0°1006 gave 0:1978 CO, and 0:0608 H,O. C=53°6; H=67. 
C,H,,0, requires C=53°2; H=6:3 per cent. 


The acid is therefore pilopic acid, identical with that obtained from 
isopilocarpine by oxidation with permanganate. It may be here 
stated that the acid, C,H,,0,, now termed pilopic acid, obtained from 
isopilocarpine and previously described as an oil, has since bee 
obtained in crystals which melt at 104° (corr.), and may be readily 
recrystallised from hot benzene solution. 

(3) With Tin and Hydrochloric Acid.—The reduction carried out 


by these reagents according to the usual methods afforded a negative 
result, 
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(4) With Zine and Glacial Acetic Acid.—The reduction of dibromo- 
isopilocarpinic acid is best carried out by the following method. The 
aystalline acid is dissolved in a large quantity (about 20 times its 
weight) of glacial acetic acid, small quantities of zinc dust are added 
from time to time, and the mixture kept at 60—70° for about 24 
hours. The mixture is then diluted with water, filtered, and the 
fltrate saturated with hydrogen sulphide. The zine sulphide is 
filtered off and the filtrate distilled in a vacuum, with frequent addi- 
tins of water to remove the greater portion of the acetic and hydro- 
bromic acids. The liquid, after evaporating down to a low bulk, is 
then left overnight in a vacuous desiccator over caustic potash. 
The residual varnish is dissolved in hot water, boiled with a little 
animal charcoal if necessary, and filtered ; on cooling, crystals are ob- 
tained. These are not crystals of isopilocarpinic acid, as was expected, 
but of the lactone of hydroxyisopilocarpinic acid, C,,H,,0,N,,H,O. 
The yield is almost quantitative. 


Monobromoisopilocarpinic acid, C,,H,,0,N,Br. 


It has already been stated (p. 504) that by the action of bromine 
on igopilocarpine in a sealed tube, in addition to dibromoisopilocarpinic 
acid,a syrupy acid is formed to the extent of about 70 per cent. 
at 130°. Although, unfortunately, all attempts to obtain this acid in 
the pure state have failed, yet the identification of its reduction pro- 
duct (by zine and glacial acetic acid) with that obtained from dibromo- 
iopilocarpinic acid, together with analyses of partially purified 
material, renders it possible to state the composition of the amorphous 
acid with a considerable degree of certainty. The crude ether extract 
was known to contain, in addition to the main constituent, small 
quantities of dibromoisopilocarpinic, bromopilopinic, and bromopilopic 
aids, All attempts to crystallise it having failed, the ether extract 
was dissolved in strong hydrochloric acid and then precipitated by the 
addition of water. In this way, it was freed from most of the bromo- 
pilopinic and bromopilopic acids. The partially purified acid was then 
further purified by extraction of the dried residue with anhydrous 
ether, in which the dibromoisopilocarpinic acid is insoluble. It was 
thus obtained as a brittle varnish which readily became oily. Analysis 
of this product showed that it was still impure. 


Found, N=7:0; Br=31°8. 
C,,H,,0,N,Br requires N=8:7 ; Br=25-0 per cent. 


The amorphous acid was therefore dissolved in a slight excess of 
ammonia, the solution allowed to stand overnight over sulphuric acid 
i & partially exhausted desiccator, and the neutral solution then 
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precipitated in five fractions with silver nitrate solution. The middle 
fraction was analysed, with the following results : 


0°2128 gave 0:09 AgBr. Ag = 24:3. 

00954 ,, 00408 AgBr. Ag=24'5. 

0-1252 ,, by Carius’ method, 0°0448 AgBr. Br=15:2. 

02164 ,, 15°2 c.c. moist nitrogen at 17° and 760 mm. N=8+, 
C,,H,,0,N,BrAg requires Ag=25°3 ; Br=18°7 ; N=6°5 per cent, 


Although the results of the analyses show that the silver salt was 
not pure, they point to the correctness of the formula given for this 
acid, and as the acid on reduction with zinc and glacial acetic acid 
yields tsopilocarpinolactone, C,,H,,O,N,, there seems to be conclusive 
evidence that the main constituent of the ether extract is monobromo. 
isopilocarpinic acid. 


Reduction of Monobromoisopilocarpinic Acid with Zine and Glacial 
Acetic Acid. 

The reduction of the ether extract of the mother liquors from which 
the dibromoisopilocarpinic acid had been separated was carried out in 
precisely the same manner as that of dibromoésopilocarpinic acid (see 
p. 593). The crystals thus obtained were recrystallised once from water 
and melted at 83° (corr.), and, when mixed with an equal quantity of 
the crystals obtained from dibromoisopilocarpinic acid, melted at the 
same temperature. 

The air-dried crystals were analysed, with the following results: 


0°1368 gave 0:2568 CO, and 0°0774 H,O. C=51'2; H=6:28. 
C,,H,,0,N,,H,O requires C=51°5 ; H=6-25 per cent. 


“A determination of its specific rotation in alcoholic solution afforded 
the following result : 


ap = —1:13°; 7=1 dem.; c=2°18; [a] = —51°9°. 
These numbers are identical with those given by the substance ob 


tained from dibromoisopilocarpinic acid by reduction, and conclusively 
prove the identity of the reduction products of the two acids. 


isoPilocarpinolactone, O,,H,,0,N,,H,0. 

This substance, obtained as above stated by the reduction of either 
dibromo- or monobromo-isopilocarpinic acid with zinc and glacial 
acetic acid, is readily purified by recrystallisation from hot water. 
When recrystallised until of constant melting point, it was obtained 
as well-defined, rectangular prisms, which soften at about 80° and 
melt to a clear liquid at 83° (corr.). The crystals are readily soluble 
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in hot water, alcohol, acetone, glacial acetic acid, chloroform, or hot 
benzene, somewhat sparingly so in cold water or benzene and ether 
and are almost insoluble in light petroleum. 

The substance is levorotatory, and a determination of the specific 
rotation in alcoholic solution gave the following result : 


al’ = —21°; J=1dem.; c= 40464; [a}= -51-9°. 


The crystals contain 1 mol. of water of crystallisation, which is lost 
even at 60—70°, and the melting point previously given appears to 
be that of the anhydrous substance, because, after heating the crys- 
tals at 100—-120° till of constant weight, the residue after powdering 
melts at 83°. The anhydrous residue was dissolved in dry ether, and 
on spontaneous evaporation in the air a varnish was left which 
quickly became crystalline, but the crystals on examination were 
found to consist of the hydrated lactone. The hydrated lactone was 
therefore used for the physical constants, analyses, and subsequent 
experiments, since it is most readily obtained. 

The air dried, powdered crystals were analysed with the following 
results : 


0164, at 100—120°, lost 0°0114 H,O. H,O=6°95. 
01838 gave 0°346 CO, and 0105 H,O. C=51:34; H=6°34, 
01018 ,, 0190600, ,, 0°0564 H,O. C=511; H=6:15. 
0132 =, 13°3 cc. moist nitrogen at 18° and 750 mm. N=11°2, 
C,,H,,0,N,,H,O requires H,O=7:03; C=515; H=6:25; N=110 
per cent. 


The reduction product, therefore, has not the formula expected, 
namely, C,,H,,O,N,, derived from C,,H,,0,N,Br, by the replacement 
of 2 atoms of bromine by 2 hydrogen atoms. Further examina- , 
tion of this substance shows that it has somewhat remarkable pro- 
perties. The aqueous solution is but very feebly acid to litmus, and 
although the crystals dissolve in sodium carbonate solution, they do so 
Without effervescence. 

Attempts were made to titrate the substance with caustic alkali 
and with sodium carbonate, but when phenolphthalein was used as 
the indicator it was noted that the change of colour was so gradual 
that it was not possible to obtain a satisfactory determination, and in 
this respect the substance differed markedly from pilopinic and pilopic 
acids, which are readily titrated. 

(I) With decinormal alkali : 


0'2038, dissolved in alcohol, required 9°8 c.c. of 4/10 alkali, cold or 


ae for neutralisation. ©,,H,,0,N,,H,O (monobasic) would require 
Cc, 
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(II) With decinormal sodium carbonate : 


0°1676, dissolved in hot water, required 3°7 c.c. V/10 sodium car. 
bonate to produce a permanent red tint when the liquid was boiled, 
C,,H,,0,N,,H,O (monobasic) would require 6°5 c.c. 


The lactone was dissolved in hot water and boiled with excess of 
barium carbonate ; after filtration, the substance crystallised out un. 
changed on cooling. 

The bariwm salt of hydroxyisopilocarpinie acid was prepared by boil- 
ing the lactone with excess of barium hydroxide solution, removing 
the excess of barium with carbon dioxide, filtering off the barium car. 
bonate, and evaporating the filtrate to a low bulk. The barium salt 
was readily soluble in water, but separated from the concentrated 
solution as a microcrystalline powder ; it was analysed, with the fol- 
lowing result : 


0°1986, dried at 130° until of constant weight, lost 0°0204 H,0 and 
gave 0°0686 BaSO,. H,O=10°3; Ba=20°3. 
[C,,H,,(OH)O,N,)|,Ba,4H,O requires H,O=10-0 ; Ba=19°1 per cent, 


The high percentage of barium found is due to the presence of a 
small amount of barium carbonate formed during evaporation. 

The silver salt was prepared from the barium salt by adding silver 
nitrate solution to a concentrated aqueous solution of the barium salt. 
The amorphous precipitate was well washed with water, collected, 
dried on a porous tile, and analysed, with the following result : 


00434 gave 00132 Ag. Ag=30°4. 
C,,H,,(OH)O,N,Ag requires Ag = 30°0 per cent. 


This substance is therefore the lactone of hydroxy¢sopilocarpinic 
acid, and its formation may be explained as follows. 

Only one of the bromine atoms suffers reduction, and the resulting 
monobromo-acid is decomposed on boiling with dilute acid with the 
formation of the hydroxy-acid, which loses water and gives the lactone. 
The reactions of dibromoisopilocarpinic acid previously described indi- 
cate that the bromine is readily removed, and render this explanation 
probable. 

isoPilocarpinolactone is also non-basic; it may be recrystallised 
from hot acidified water, and when heated with methyl iodide in 
alcoholic solution is recovered unchanged. Even when heated with 
excess of methyl iodide in alcoholic solution in a sealed tube st 
100° for 2 hours, no reaction took place, and the lactone was tf 
covered unchanged. This non-basic character of isopilocarpinolactone 
has, as will be shown later, a most important bearing on the com 
stitution of the alkaloid. 
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IL 
Dibromopilocarpine, C,,H,,0,N,Br,. 
m car. Chastaing (Compt. rend., 1883, 97, 1435) first deseribed an amorphous 
boiled. product produced by the bromination of pilocarpine, but Pinner and 
Kohlhammer (loc. cit.) have prepared the crystalline dibromopilocarpine, 
ess of fm and have described it somewhat briefly. According to these authors, 
ut un- [| the properties of dibromopilocarpine differ in some important respects 
from those of the isomeric dibromoisopilocarpine described in another 
boil: | part of this paper. It was therefore considered necessary to prepare 
oving fm this substance and examine it in a more complete manner. The di- 
n car. | bromopilocarpine was prepared according to the method given by these 
n galt | authors, and a yield of 71 per cent. of the theoretical obtained. This 
rated agrees fairly well with the yield of the isomeric dibromoisopilocarpine 
> fol: @ (p. 585), but in this case the mother liquors were not further ex- 
amined. 
Dibromopilocarpine, prepared from pure pilocarpine nitrate (m. p. 176°), 
) and as first obtained, melted at 84°, and after frequent recrystallisation from 
50 per cent. alcohol, separated in fine, colourless prisms which melted 
- sharply at 95° (corr.). This melting point was not altered on further 
of a recrystallisation of the compound, so that the temperature given by 
Pinner and Kohlhammer, namely, 79°, is too low. Further, it was 
ilver found that the substance could be readily recrystallised from hot 
salt, 50 per cent. alcohol, whilst the above authors state that the crystals 
cted, separate after long standing. ; 
The crystals were air-dried and analysed, with the following results : 
0'1436 gave 0:1904 CO, and 0°0498 H,O. C=36:2; H=3°85. 
01676 ,, 0:2236CO, ,, 0°0578 H,O. C=36:4; H=3°83. 
‘nie 01734 ,, 01776 AgBr. Br=43°59. 


C,,H,,0,N,Br, requires C = 36°07 ; H=3°82 ; Br=43°71 per cent. 


Dibromopilocarpine is dextrotatory like the parent base pilocarpine, 
anda determination of its specific rotation in alcoholic solution gave 
the following result : 

ap = +1°5°; J=1 dem. ; c=3°444; [a]p = +43°6°. 

Like its isomeride dibromoisopilocarpine, dibromopilocarpine is very 
feebly basic, although Pinner and Kohlhammer state that its salts are 
all readily soluble. This important point was proved by the following 
experiments. Dibromopilocarpine was dissolved in excess of hot dilute 
sulphuric acid ; on cooling, crystals separated which were proved, by 
the melting point and absence of any reaction with barium chloride, to 
be unchanged dibromopilocarpine. Further, the substance was recovered 
unchanged after boiling with methyl iodide. The two isomeric bromo- 
derivatives have, therefore, similar properties. 
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Reduction of Dibromopilocarpine. 

This was carried out with zine and glacial acetic acid, as described 
for dibromoisopilocarpine, the use of sodium and amyl alcohol being 
inadmissible in this case, since pilocarpine is converted into isopilo. 
carpine by this reagent. 

The dibromopilocarpine gave a quantitative yield of a basic, colour. 
less oil, soluble in water, which, with nitric acid, yielded a crystalline 
nitrate melting at 176°. The salt was once recrystallised from hot 
alcohol, and then melted at 177° (corr.). 

A determination of its specific rotation in aqueous solution gave the 
following result : 


ay = +1°8°; /=1 dem. ; c=2°184; [a]f’= +82°4° 


Pilocarpine nitrate melts at 177—178° (corr.) and has [a],= +82°9°, 
By the reduction of dibromopilocarpine there is formed quantitatively 
pilocarpine, identical in all respects with the parent base. 


Bromocarpinie acid, C,,H,,0,N,Br. 


This acid is stated by Pinner and Kohlhammer to be formed, 
together with another acid not yet examined, by the action of 
bromine on pilocarpine at 100° in a sealed tube, and to be a 
dibasic acid. It possesses, therefore, especial interest for two reasons, 
first, because it proves that the isomerism of pilocarpine and isopilo- 
carpine is structural and not stereoisomeric, since ¢sopilocarpine, by 4 
similar reaction, yields dibromoisopilozarpinic and monobromoisopilocar- 
pinic acids, and, secondly, because it completes the series of acids capable 
of formation between the parent base and pilopic acid by successive 
elimination of the three carbon atoms and the groups :NH and :NCH,. 

In view of the importance, therefore, of this compound, it was 
thought advisable to repeat the experiments. 

Two experiments were conducted under the conditions detailed by 
Pinner and Kohlhammer, but in neither case could any crystalline 
product be isolated. This was the more remarkable as parallel experi- 
ments were proceeding at the same time on isopilocarpine, and the 
crystalline dibromoisopilocarpinic acid was readily obtained. The acid 
liquors from the bromination of pilocarpine were therefore extracted 
with ether, the ethereal extract distilled, and the residue reduced with 
zinc and glacial acetic acid in the usual manner. An oily substance 
was thus obtained which was insoluble in cold water, but fairly 
soluble in boiling water, and sparingly so in ether. Attempts to crystal: 
lise it from hot water and other solvents having failed, the oil was 
boiled twice with water, separated, and then taken up with ether. The 
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ethereal solution was washed many times with water to remove all acids 
soluble in water, and, on removing the ether by distillation, a residue 
was left which could not be crystallised. It was therefore dried in a 
vacuum over sulphuric acid, and titrated with decinormal sodium car- 
bonate and with decinormal caustic alkali, with the following results : 


1, 04256 required 17°8 c.c. V/10 sodium carbonate for neutralisation. 
C,,H,,0,N, requires 37°3 c.c. ; C,,H,,0,N, requires 17°7 c.c. 


2. 01856 required 8-0c.c. V/10 sodium hydroxide cold and 10°4 c.c. hot. 
C,)H,,0,N, requires 16°3 ¢.c, ; C,,H,,0,N, requires 7°7 c.c. 


The end reaction in the second titration was not sharp, particularly 
when the solution was hot. The amorphous residue, which contained no 
bromine, was boiled with excess of barium carbonate, and the barium 
salt separated in the usual way by precipitation with alcohol. On 
analysis, the following result was obtained : 


01764 gave 00664 BaSO,. Ba= 22:14. 
C,,H,,0,N,Ba requires Ba = 37-7 per cent. 
(C,,H,,0,N,),Ba ,  Ba=223 _ ,, 


The results of these experiments prove conclusively that in this case 
bromocarpinic acid is not formed, and they indicate with a consider- 
able degree of probability that the action of bromine on pilocarpine 
under these conditions is analogous to the action on ¢sopilocarpine, 
namely, the formation of mono- or dibromo-pilocarpinic acid, and sub- 
sequent reduction of these acids to pilocarpinic acid. This view is 
supported by the experimental data, by analogy with isopilocarpine, and 
by the fact that by similar réactions with isopilocarpine a homogeneous 
product is formed, although, fortunately, in this case it was crystalline. 
It is hardly possible that such an amount of impurity could be present, 
if the acid be carpinic acid, as to account for the analytical results, and 
to produce the coincidence of these results with those required for 
pilocarpinic acid. It is possible that the acid formed under the con- 
ditions of these experiments is identical with that observed but not 
examined by Pinner and Kohlhammer. 


Experiments on the Oxidation of isoPilocarpine. 


Experiments were made with various oxidising agents under varying 
conditions to see if any intermediate products of oxidation could be 
isolated. Although these experiments gave a negative result, they 
are placed on record, as they have an important bearing on the con- 
stitution of the alkaloid. 

(1) With Alkaline Permanganate.—W hen isopilocarpine is dissolved 
in sodium carbonate solution, and titrated with potassium perman- 
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ganate at 0°, oxidation takes place very quickly, the colour of the first 
few drops being discharged instantly and the reaction then proceeds 
quickly, but not instantaneously, each atomic proportion of oxygen 
requiring about 5 minutes for complete absorption. In this way, 5 
atomic proportions of oxygen are quickly absorbed, but after that the 
reaction appears to proceed more slowly. To isopilocarpine dissolved 
in alkali, potassium permanganate representing 5 atomic proportions 
of oxygen was added. The colour was quickly discharged, but on 
working up the volatile bases obtained it was found that the ammonia 
and methylamine had been produced in about equal proportion, s0 
that it was not possible to prepare the pilopinic acid in this 
manner, 

(2) With Acid Permanganate.—isoPilocarpine in aqueous sulphuric 
acid solution was titrated with normal potassium permanganate solu- 
tion at 15°, but oxidation proceeded very slowly indeed, the average 
time taken for the complete absorption of an atomic proportion of 
oxygen being 2 hours. No point was reached at which the action 
seemed to cease, and the results indicated that the oxidation was pr- 
ceeding to some simple final product. 

(3) With Potassium Dichromate.—isoPilocarpine nitrate was treated 
with an equal weight of potassium dichromate in sulphuric acid solu- 
tion for 12 days at 15°, and then for several hours at 80°, but no 
reaction took place, and the isopilocarpine was recovered unchanged. 

(4) With Chromic Acid.—When treated with an equal weight of 
chromic acid in aqueous solution for several days at the ordinary tem- 
perature, isopilocarpine is recovered unchanged. 

Pinner and Kohlhammer (Ber., 1900, 33, 2363) have stated that by 
the action of chromic acid on pilocarpine in sulphuric acid solution at 
the temperature of a water-bath, pilocarpoic acid, C,,H,,0,N,, is 
formed, and this acid with barium hydroxide yields a barium salt, 
C,,H,,0,;N,Ba, which was only obtained in the amorphous condition. 
Their analyses, however, do not agree very well for the above formuls, 
and a homogeneous product was hardly to be expected from suchs 
reaction. Similar experiments have been carried out on. isopilocarpine 
with a negative result. No crystalline acid could be obtained from 
the products of the reaction, and the barium salts formed were of such 
an uninviting character that it was not considered worth while 
to analyse them. When the acid was regenerated from the barium 
salt, a rancid odour, recalling that of butyric acid, was noticed, so it 
was probable that the oxidation had been more complex than indicated 
by the authors above mentioned. The stability of both pilocarpine 
and isopilocarpine towards strong nitric acid has already been noticed. 


ae ee” ae ae ae ie ee oe . a ee ek a ae eh, > 


JOWETT : THE CONSTITUTION OF PILOCARPINE. PART II. 601 


Action of Various Reagents on isoPilocarpine. 


The behaviour of isopilocarpine towards bromine and alkaline per- 
manganate suggested the possibility of the existence of a double bond 
in the part of the molecule other than that givirg rise to pilopic acid, 
and as this point was of considerable importance, experiments were 
made to settle it. The reduction of dibromoisopilocarpine to isopilo- 
carpine by various reducing agents had proved conclusively that 
bromine acts as a substituting and not as an additive agent, and 
experiments made by mixing chloroform solutions of tsopilocarpine and 
bromine showed that under no conditions was a dibromo-additive 
compound formed. Attempts were therefore made to reduce ésopilo- 
carpine, but without success. Even when heated with four times its 
weight of fuming hydriodic acid at 127° in a reflux apparatus for 4 
hours, the base was recovered unchanged. Sodium in boiling amyl 
alcohol or zinc and glacial acetic acid, even when acting on the base in 
a nascent condition, have been shown to be without action on isopilo- 
carpine (p. 586). Finally, the base was dissolved in glacial acetic acid 
saturated with hydrogen bromide, and allowed to stand many days, 
but no reaction took place other than the formation of tsopilocarpine 


hydrobromide. These experiments show conclusively that isopilocarpine 
contains no ordinary double bond. 


Discussion of Results. 


The full discussion of the results recorded in this paper is reserved 
for a future communication, but a brief allusion may be made to 
one important point which arises out of the data here recorded. Two 
of the most important characters of isopilocarpine which are not easy 
to explain are the non-basic nature of the methylamine residue and 
the peculiar behaviour of the carboxyl residue, which approximates 
most to a lactone, although the salt formed with barium hydroxide is 
decomposed by carbonic acid. 

The results recorded in this paper give, however, a clue to the 
reason for this behaviour. 

When an acidic group, for example, bromine or carboxyl, is intro- 
duced into isopilocarpine, the ammonia residue loses its basicity, or at 
least to a very great extent. This happens in the case of dibromoiso- 
pilocarpine, where the molecular structure remains unchanged, and 
also in isopilocarpinolactone, where the molecular structure is probably 
altered, This “intramolecular neutralisation” of a basic nitrogen 
atom by carboxyl or bromine is unusual, as in many substances, for 
example, eegonine or the pyridinecarboxylic acids, which contain an 
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acidic and basic element or groups, the dual property of acting asa 
base and an acid remains intact. 

The fact is, however, that the introduction of these acidic groups 
into the molecule of isopilocarpine does destroy (or nearly so) the basic 
character. This affords an explanation of the fact that the methyl. 
amine residue in isopilocarpine is non-basic, for there already exists in 
the alkaloid a carboxy] residue, and these two groups may neutralise 
each other within the molecule and therefore leave a substance in 
which only the other nitrogen atom exerts a basic action. It is also 
conceivable that this intramolecular neutralisation may so modify the 
lactonic character as to cause the alkaloid to behave in the peculiar 
manner already indicated. This appears to be a much more probable 
explanation than the alternative one, which is that the nitrogen of 
the methylamine residue is pentad, and hence cannot react with 
methyl iodide, &c. 


The further investigation of this subject is proceeding, particularly 
im reference to the constitution of pilopic acid, and it is hoped to com- 
municate the results to the Society at a later date. ; 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 


LXIII.—Pheno-a-ketoheptamethylene and its Derivatives. 


By Freperic Stranizy Kirrine, Ph.D., D.Se., F.B.S., and 
Apert E. Hunter. 


THE intramolecular condensation of phenylpropionic chloride in 
presence of anhydrous aluminium chloride results, as previously shown 
(Kipping, Trans., 1894, 65, 680) in the formation of the cycloid 
ketone, a-hydrindone, and by an exactly analogous reaction, phenyl: 
butyric chloride is converted into a-ketotetrahydronaphthalene (Kipping 
and Hill, Trans., 1899, '75, 144). 

This method of obtaining cycloid ketones has now been applied to 
the next higher homologue of this series of acid chlorides, and it is 
shown in this paper that phenylvalerie chloride, C,H,*[CH,],"COG, 
can be converted into a ketone which has been named pheno-a-keto- 
heptamethylene. F 

The relationship between the three closed chain compounds which 
have thus far been prepared with the aid of this reaction is shown by 
the following formule : 
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a-Hydrindone. a-Ketotetrahydro- Pheno-a-ketohepta- 
naphthalene. methylene. 


Pheno-a-ketoheptamethylene, as will be seen from its formula, con- 
tains a closed chain of seven carbon atoms condensed with a benzene 
nucleus, and when briefly described about nine months ago by Kipping 
and Hall (Proc., 1899, 15, 173),* it was the first compound of this 
type which had been prepared; very shortly afterwards, however, 
Dieckmann gave a short account (Ber., 1899, 32, 2247) of a closely 
related compound, namely, pheno-1 : 5-diketoheptamethylene, 


which he had obtained by condensing ethyl phthalate with ethyl- 
glutarate, 


0-0Et H,: CO, Et 
“EH co-oEt + CHsSoH'-co,E: = 


CO-CH(CO,Et) : 
CoH. 00.0H (007 Et)? CFs + 2C,H,-OH, 


and then boiling the product with dilute sulphuric acid, which first 
hydrolyses the ester, and then eliminates the two carboxyl groups ; it 
seems probable, therefore, that compounds of this type will soon be 
familiar to chemists. 

Pheno-a-ketoheptamethylene is a colourless oil and has only a slight 
smell at the ordinary temperature, but when warmed it gives off a 
vapour having a strong odour of peppermint. The property of affecting 
the olfactory organs in the same way as does menthol seems to depend 
partly, in the case of these aromatic-fatty cycloid ketones, on the 
number of methylene groups in the reduced ring ; hydrindone, for 
example, has an odour recalling that of jasmine, but the vapour of 
ketotetrahydronaphthalene has a distinct, although not a very strong, 
smell of peppermint, and that of the next higher homologue, as just 
stated, is very marked. 

The constitution of pheno-a-ketoheptamethylene is established by its 
method of formation, which is almost certainly analogous to that of 


* Miss Hall was unable to continue this investigation ; the authors desire to thank 
her for the work which she did in connection with it. 
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a-ketotetrahydronaphthalene (Joc. cit.) ; that it is a ketone is shown by 
the formation of an oxime and a semicarbazone, which are described 
later ; that it contains the heptamethylene ring condensed with the 
benzene nucleus in the ortho-position is proved by the fact that on 
oxidation with nitric acid it yields, among other products, o-phthalic 
acid. 

Just as the oxime of a-ketotetrahydronaphthalene gives on reduction 
o-aminotetrahydronaphthalene, so the oxime of pheno-a-ketohepta- 
methylene is reduced to an a-amino-derivative of the following con- 
stitution : 


Pheno-a-aminoheptamethylene. 


This base is a colourless liquid, having the normal properties of a 
primary amine, and with acids it forms well-defined salts ; when its 
hydrochloride is submitted to dry distillation, it is decomposed, giving 
a non-basic product which is, in all probability, an unsaturated hydro- 
carbon, formed from the,base by a reaction analogous to that by which 
indene is produced from hydrindamine hydrochloride (Kipping and 
Hall, Trans., 1900, '7'7, 469); this product is being investigated. 


Preparation of Phenylvaleric Acid. 


The preparation of phenylvaleric acid in considerable quantity for 
the purpose of this investigation proved to be a rather troublesome 
process, and we have not been able to improve on the method origin- 
ally employed by von Baeyer and Jackson (Ber., 1880, 18, 122). 

The first step consists in the synthesis of cinnamylidenemalonic acid, 
a compound which is easily obtained in large quantities by the con- 
densation of cinnamaldehyde with malonic acid in the presence of 
glacial acetic acid or acetic anhydride, 


C,H,-CH:CH:CHO + CH,(CO,H), = 
C,H,*CH:CH*CH:C(CO,H), + H,0; 


the reduction of this acid is also readily accomplished in alkaline solu 
tion with the aid of sodium amalgam ; and on subsequently acidifying 
the ice-cold solution, hydrocinnamylidenemalonic acid, 
0,H,*CH,*CH:CH-CH(CO,H),, : 
is precipitated in colourless erystals (compare Thiele and Meisenheimer, 
Annalen, 1899, 306, 260). 
This substance, when boiled with water, decomposes into hydro- 
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donamylideneacetic acid, C,H,-CH,-CH:CH-CH,°CO,H, and carbon 
joxide. 

lie, the yields are almost quantitative, but the reduction of the 
hydrocinnamylideneacetic acid to phenylvaleric acid has to be done 
yith an aqueous or acetic acid solution of hydrogen iodide in sealed 
tubes, all other reducing agents which have been tried having failed to 
bring about the desired change ; the contents of the tubes are gener- 
ally rather dark in colour, and the acid must be purified by recrystal- 
lisation from water, in which it is sparingly soluble, and then from 
light petroleum ; it is thus obtained in almost colourless, rhomboidal 
crystals melting at 59°. 

Phenylvaleric chloride was obtained by heating the acid with rather 
nore than the calculated quantity of phosphorus pentachloride in a 
Wartz flask, and then heating on the water-bath under greatly re- 
duced pressure until all the phosphorus oxychloride had distilled 
over; it is a colourless, mobile liquid, which does not fume in the 
sir, and has only a very faint odour. 


The Action of Aluminium Chloride on Phenylvaleric Chloride. 


The conversion of phenylvaleric chloride into pheno-a-ketohepta- 
methylene does not take place as readily as that of phenylpropionic 
chloride into hydrindone, and a rather higher temperature seems to 
be required to bring about the change; the reaction is also very 
incomplete, so that the actual yield of ketone is small. 

On the other hand, by using the right proportion of aluminium 
chloride, the formation of tarry products can be almost entirely 
prevented, and a large proportion of the unchanged acid can be re- 
covered ; allowing for this, the yield is by no means unsatisfactory, 
and amounts on the average to 30 or 40 per cent. of the calculated 
amount. The following conditions have been found to give the 
best results: Phenylvaleric chloride (5 parts) is dissolved in about 
six times its volume of light petroleum (b. p. 60—80°); finely 
powdered aluminium chloride (6 parts) is added slowly, and the 
mixture is rapidly heated on a bath of boiling water; as soon as 
the temperature rises to about 70°, the evolution of hydrogen 
chloride sets in, and a fairly vigorous reaction continues so long as 
the mixture is heated, and almost constantly shaken ; after about 
30 minutes, by which time the contents of the flask have separated 
into two layers, the liberation of hydrogen chloride shows marked 
signs of abating, and the flask is quickly cooled. 

After cautiously adding water, the petroleum is separated by dis- 
tilling in steam, and the process is continued so long as ketone comes 
over ; the latter is isolated by extracting the distillate with a little 
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light petroleum or ether, washing with dilute sodium carbonate golp. 
tion, and then evaporating the dried extract. 

The clear aqueous solution left after steaming contains a litile 
regenerated phenylvaleric acid, which can be separated from the small 
quantity of resinous matter by filtration, and further quantities of the 
acid may be obtained by repeatedly extracting this bye-product with 
water. 


Pheno-a-ketoheptamethylene, C,H Meet + oH > OH, 


The crude phenoketone, obtained by evaporating its solution in 
ether or light petroleum, is an almost colourless, moderately mobile 
liquid, which seems to be practically free from any appreciable quan- 
tity of impurity ; if necessary, it can be purified by distillation under 
reduced pressure, or by converting it into the crystalline semicarbazone 
and decomposing the latter with dilute sulphuric acid (see below), 

When obtained by the second method, it is a colourless oil, speci- 
fically heavier than water, but it turns yellowish on exposure to the 
air, It does not solidify when cooled to 0°, or when kept for a long 
time at the ordinary temperature; since hydrindone melts at 44°, it would 
seem that the melting points of these cycloid ketones become lower as 
the number of carbon atoms in the reduced chain increases. 

It is practically insoluble in water, but is miscible with all ordinary 
organic solvents ; it volatilises slowly in steam, and boils at about 
270° under atmospheric pressure, apparently decomposing slightly; 
when boiled with water, the escaping vapour has a strong odour of 
peppermint. 

It interacts readily with phenylhydrazine, and with p-bromophenyl- 
hydrazine when it is warmed gently with either of these reagents, but 
the products do not crystallise at all readily, and are quite unsuitable 
for purposes of identification or isolation ; they also undergo decom- 
position, and turn reddish-brown on exposure to the air. 

The oxime and the semicarbazone, on the other hand, crystallise 
very readily, and are easily purified. 

Pheno-a-ketoheptamethylene is readily attacked by bromine and by 
bromine water, giving crystalline products which, however, have not 
yet been examined ; its behaviour towards oxidising agents is described 
later. 

Pheno-a-ketoheptamethylene Semicarbazone, C,,H,,:N-NH-CO-NH,— 
This compound is gradually deposited in colourless crystals when 
solution of the crude ketone in dilute alcohol is warmed on the water 
bath with sodium acetate and semicarbazide hydrochloride, and after 
some hours the reaction is complete ; for analysis, the product was re 
crystallised from boiling alcohol and dried at 100°. 
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0:1506 gave 0°3669 CO, and 0:0975 H,O. C=664; H=7°2. 
01434 ,, 03484 CO, ,, 0°0896 H,O. C=663; H=6°9. 
C,,H,,ON, requires C=66'4 ; H =6°9 per cent. 


Pheno-a-ketoheptamethylene semicarbazone separates from alcohol 
in highly lustrous, silky plates, melting at 206—207° if heated slowly 
from 200°, decomposing and giving off bubbles of ammonia ; if heated 
rapidly, the substance may not melt until 214—215° (219—220° corr.). 

It is readily soluble in boiling chloroform, methyl or ethyl alcohol, 
ethyl acetate, acetone, or acetic acid, but only sparingly so in hot 
light petroleum, and is practically insoluble in water. It is decom- 
posed by warm dilute hydrochloric or sulphuric acid, the ketone 
being regenerated; this fact, and the readiness with which the 
semicarbazone crystallises, make the isolation and identification of 
the ketone a simple matter, even when only a very small quantity 
is available. 

Although many cycloid ketones afford isomeric semicarbazones, 
this does not seem to be the case with pheno-a-ketoheptamethylene ; 
its semicarbazone was fractionally crystallised from alcohol, and 
thus separated into five fractions, but they all malted at the same 
temperature. 

Pheno-a-ketoheptamethylene Oxime, C,,H,,:N°OH, is obtained when 
the ketone, regenerated from the semicarbazone, is heated in alcoholic 
solution with slight excess of hydroxylamine hydrochloride and potash 
and the mixture allowed to stand for some time. On adding a little 
water, the separation of a crystalline compound soon commences, and 
the last portions may be obtained by gently evaporating the solution 
on the water-bath, and subsequently acidifying it. The oxime is 
readily purified by recrystallisation from dilute methyl alcohol or light 
petroleum, from which it is deposited in long needles having a silky 
lustre, and melting at 108—109°. 

Pheno-a-ketoheptamethylene oxime is very readily soluble in methyl 
or ethyl alcohol, acetone, acetic acid, or ether, but only moderately so 
in boiling light petroleum ; it also dissolves freely in cold potash solu- 
tion, but is only sparingly soluble in water or dilute acids, 


Oxidation of Pheno-a-ketoheptamethylene. 


Pheno-a- -ketoheptamethylene is only very slowly oxidised by potass- 
ium permanganate in presence of sodium carbonate, but on warming, 
oxidation proceeds fairly rapidly. It is readily attacked by hot dilute 
nitric acid, but apparently the reaction is not a simple one, as in the 
case of most of the fatty cycloid ketones, and various products are 
generated, 


In order to try and obtain some evidence in favour of the view 
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that the ketone contains a closed chain of seven carbon atoms, that 
is, that it has been produced from the acid chloride by condensation 
in the ortho-position, as in the cases previously examined, some of 
the pure substance was treated with dilute (about 5 per cent.) nitric 
acid ; on heating, brown fumes were evolved, and after boiling for 
about half an hour most of the ketone seemed to be changed. 

On cooling, a brownish, flaky mass separated at the surface, and at 
the bottom of the liquid there was a considerable quantity of oil, 
These two products were collected separately, the nitric acid solution 
was concentrated, filtered when cold to remove oily matter, and then 
evaporated to dryness. 

The almost colourless crystalline residue, when purified by recrystal- 
lisation from water, melted at about 185°, and was readily soluble 
with effervescence in dilute sodium carbonate solution ; when gently 
heated, it gave a sublimate which consisted of long needles melting 
~ sharply at 127—128°, and did not dissolve immediately in cold dilute 
sodium carbonate solution. 

These are properties of phthalic acid and its anhydride, and the fact 
that this acid is formed on oxidation is confirmatory evidence that the 
ketone has the constitution assigned to it. Phthalic acid, however, is 
not the principal product resulting from the above treatment, as 4 
considerable quantity of the ketone is converted into the oily product 
mentioned above ; this oil is soluble in cold dilute sodium carbonate 
solution, is reprecipitated on the addition of acids, and is apparently 
unchanged on prolonged heating with nitric acid ; as it could not be 
made to crystallise, it does not seem probable that it could be o-carb- 
oxyphenylbutyric acid, CO,H-C,H,-CH,°CH,*CH,°CO,H, which melts 
at 138° (Roser, Ber., 1885, 18, 3118), although the formation of this 
acid under the above circumstances was to be expected. 

The second bye-product, namely, the brownish solid referred to 
above, was easily obtained in a pure state by recrystallising it sever! 
times from methy! alcohol, from which it separated in concentrically: 
grouped prisms melting at 159—160°; this compound was practically 
insoluble in water or boiling dilute sodium carbonate solution, and it 
was not changed appreciably by prolonged treatment with hot moder- 
ately concentrated nitric acid, in which it was only very sparingly 
soluble. 

The further investigation of these bye-products did not seem to be 
of sufficient importance to render desirable the sacrifice of o larg? 
quantity of the ketone. 
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Pheno-a-aminoheptamethylene, C Hon 9° CH,° CH, 
2 


CH(NH,):CH 

This compound is easily obtained by the reduction of the oxime in 
alcoholic solution with sodium amalgam, keeping the solution slightly 
acid with acetic acid. After several times the calculated quantity of 
amalgam had been used, the solution was submitted to distillation in 
acurrent of steam, and, as little or no unchanged oxime passed over, 
the contents of the flask were cooled and made strongly alkaline with 
potash, and the liquid again distilled in steam. A strongly basic, 
colourless oil then passed over, and the distillate was collected in 
dilute hydrochloric acid, the solution being afterwards evaporated to 
dryness on the water-bath, when a considerable quantity of a white, 
crystalline salt: was obtained. 

The amount of amine produced seemed to be practically theoretical, 
the reduction being rapidly accomplished without any difficulty. 

The base is only sparingly soluble in water, but dissolves readily in 
the ordinary organic solvents ; it rapidly absorbs carbon dioxide from 
the air, giving a crystalline product. f 

The hydrochloride is obtained by crystallisation from hot water in 
nsette-like aggregations of short, microscopic needles ; it is readily 
soluble in methyl or ethyl alcohol, or in hot water, moderately so in 
eld water, but only sparingly so in chloroform, acetone, or light 
petroleum. It did not melt on being heated up to 250°. 

The platinichloride, (C,,H,;N).,H,PtCl,, was obtained as a yellow 
precipitate on mixing strong aqueous solutions of the hydrochloride 
and platinic chloride. It crystallises from hot water in felted masses 
of needles of a light orange colour, having no definite melting point, 
and is very readily soluble in methyl or ethy] alcohol. 

The air-dried salt, on being heated at 100° during several hours, did 
tt diminish in weight. On analysis : 


02998 gave 0-0796 Pt. Pt=26°54. 
(C,,H,,N).,H,PtCl, requires Pt = 26-66 per cent. 


On ignition, the compound gave off vapours having an odour like 


that, of naphthalene or indene, a behaviour similar to that of the 
hydrochloride. 


The sulphate, prepared by neutralising the base with dilute sulphuric 
wid, is very suitable for the purification of the amine, as it is more 
‘paringly soluble in water than the hydrochloride, and crystallises in 
thin, transparent plates. It dissolves easily in hot water, but only 
ree in cold water or alcohol ; tt melts and decomposes at about 

— 29° 
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The owalate, made in a similar manner, is deposited from water in 
irregular prisms, which are moderately soluble in water or alcohol, 
but only slightly so in ethyl] acetate. 

The picrate is deposited in yellow needles when a solution of the 
oxalate is mixed with an aqueous solution of picric acid ; it crystal- 
lises from hot water in felted masses of pale yellow needles, which 
decompose on being heated ; it is very soluble in hot water, but only 
sparingly so in cold water. 

The benzoyl derivative, obtained by the Schotten-Baumann reaction 
and purified by crystallisation from dilute alcohol, forms felted masses 
of needles melting at 171—172°. By means of this compound small 
quantities of the amine may be identified, as it is easily purified, ang 
is practically insoluble in water. 


The authors desire to thank the Government Grant Committee of 
the Royal Society for a grant in aid of this research. 
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LXIV.—The Chemical Action of Bacillus coli communis 
and Similar Organsms on Carbohydrates and 
Allied Compounds. 


By Artuur HaRrpeEn. 


Tue following experiments were undertaken with the object of ex 
mining quantitatively the mode of action of the organisms of the Colon 
group as fermentative agents, in the hope of finding some character 
istics which might serve as a means of classification or discrimination, 
The organisms of this group can scarcely be distinguished micro- 
scopically, but are found to vary in their action on various sugars 
and proteid compounds. The Bacillus coli communis, at one end o 
the series, has the following characteristic properties : 

(a) It decomposes glucose with production of (1) acid and (2) gas 

(6) It curdles milk. 

(c) It produces indole from peptone. 

The Bacillus typhosus, which may be taken as the other extreme of 
the series, does not possess properties } and c, and decomposes glucos 
with production of acid, but not of gas. Intermediate in the seri 
are a number of organisms, which possess one or more, but not all, of 
the properties of B. coli communis or B. typhosus.4 

The action of B. coli communis and of B. typhosus on glucose * 
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therefore been examined, as far as possible quantitatively, in order to 
stain a standard with which that of the other organisms might be 
empared, and this comparison has been effected for three different 
oganisms. The action of B. coli communis on d-fructose and mannitol 
tas also been examined in detail. 

The products of the fermentation of glucose by these organisms 
wmprise lactic acid, succinic acid, acetic acid, ethyl alcohol, formic 
wid, carbon dioxide, and hydrogen, all of which have been quantita- 
tively estimated. 

The Bacillus colt communis, and similar organisms, grow well and 
bring about a vigorous fermentation of glucose in a large number of 
diferent nutrient media. Thus they are able to derive their nitrogen 
fom inorganic salts of ammonium and of methylammonium, from 
simple amino-acids, such as asparaginic acid, from Witte’s peptone, 
and from beef broth. Since the products of the fermentation are acid 
in character, it is netessary to carry out the process in presence of 
chalk in order to neutralise the acid as it is produced. When am- 
nonium salts are employed, it is therefore necessary to sterilise the 
wlution of the sugar containing the chalk separately from the solution 
of the ammonium salt, in order to avoid the loss of ammonia which 
would otherwise ensue. The solution of the ammonium salt must 
therefore be sterilised in a flask arranged like an ordinary wash- 
bottle, so that the liquid, before inoculation, can be driven over into 
the sugar solution by a current of sterile air. When a culture in 
such a medium is incubated at 37°, it is found that the fermenta- 
tion of the sugar commences very slowly, a delay of as much as five 
days occurring in some cases, although after this initial period the 
action is as vigorous as in the presence of peptone alone. This delay 
isno doubt due to the alkalinity of the solution, caused by the libera- 
tim of ammonia by the action of the chalk on the ammonium salt, 
vhich renders the development of the organism extremely slow until 
suficient acid has been produced to render the medium capable of 
ptomoting growth at the normal rate. 

This is shown by the figures on p. 612, from which it is seen that 
although in the end nearly the whole of the sugar is decomposed, the 
evolution of gas commences much more slowly when ammonium 
or methylammonium salts are present than when peptone alone is 
employed. 

As the action of the free ammonia might seriously affect the mode 
of growth and action of the organism, this form of nitrogenous 
nourishment is not well adapted for comparative experiments. As- 
Pataginic acid is equally unsuitable, but from a different and very 
interesting cause. As will be shown, it undergoes reduction under 

circumstances to ammonium succinate, a large proportion of the 
uv2 
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Gas evolved at the end of days Total 
Nitrogenous otal gas | Total sugar 


medium. eh evolved decomposed, 
1 }a2fs)jafeaje | % | Gmm, 


Peptone 500 | 1560 3700 20 
Ammonium sulphate...) — i— 4980 20 
Methylammonium sul- 


3650 | 17°87 


hydrogen which is evolved when other media are employed being thus 
absorbed. Moreover, the large amount of succinic acid produced 
renders the analytical separation of the products more difficult. 

It is also difficult to obtain satisfactory analytical results with 
media containing beef broth or extract of meat, because this contains 
small quantities of sugar and d-lactic acid, and the products derived 
from these cannot easily be separated from those derived from the 
sugar undergoing examination. The sum of the products obtained 
in this medium is invariably greater than the weight of the sugar 
taken. 

The most satisfactory medium, from this point of view, was found 
to be peptone water, prepared by boiling 10 grams of Witte’s peptone 
with tap water, adding 20 grams of the sugar or other compound to 
be examined, together with 10 grams of pure calcium carbonate, and 
making up the whole to 1 litre. In some cases, 2 grams of calcium phos 
phate were added, but no beneficial effect could be observed. Common 
salt is purposely omitted from the solution, because in its presence 
hydrochloric acid invariably passes over both into the volatile acids and 
the ethereal extract of the non-volatile acids. 

The use of Witte’s peptone alone has the further advantage that 
organisms of the Colon group have been found by direct experiment to 
grow freely in its solutions, without producing volatile acids, acids 
extractable by ether, or gaseous products in quantities large enough 
to interfere with the estimation of those produced from the compound 
under examination. 

The action of the organism on the peptone, however, is undoubtedly 
modified by the presence of sugar, so that complete certainty.on this 
point cannot be readily attained. This is shown by two facts. 

1. In the presence of glucose, indole is not produced from peptone, 
whereas in its absence it is freely formed. 

2. In the absence of sugar, practically no gas is evolved from pep 
tone water, whereas in the presence of glucose the gas evolved invari: 
ably contains nitrogen, which must have been derived from the 
peptone. Thus in two experiments in which 250 c.c. of peptone wal 
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were inoculated with this organism, no gas was evolved in one case 
and only 0°1 c.c. in the other, during a whole week, whilst indole was 
produced in both cases. On the other hand, a similar solution contain- 
ing 2 grams of glucose gave about 100 c.c. of gas containing 7°5 per 
wat.of nitrogen. This result, which is in agreement with that obtained 
by other observers, is of great importance, since it throws some light on 
the function of the glucose in the nutrition of the organism. 

The fermentations were in every case carried out in an atmosphere 
ofnitrogen ; the exact disposition of the apparatus and the methods of 
wllecting and examining the gaseous products have been previously 
described in detail (Zrans, Jenner Inst., 1899, 2, 126). 

The method of analysis of the remaining products, which follows the 
general plan proposed by Nencki (Centr. Bakt., 1891, 9, 305) has, 
however, undergone considerable modification, and is therefore given 
in full. 


Analytical Methods. 


(1) Residual Carbohydrate.—Glucose and fructose were estimated 
by taking 50 c.c. of the clear liquid, adding excess of ammonium 
malate to precipitate the calcium, diluting to 100 c.c., and estimating 
the sugar present by means of Pavy’s copper solution. In some cases, 
especially when beef broth was employed, the end of the reaction was 
rendered indistinct by the production of a purple coloration, due to 
the unaltered peptone and albumoses in the liquid. In such cases, it 
ws found. advisable to add four volumes of alcohol to some of the 
wlution, filter an aliquot portion, evaporate off the alcohol, make up 
to the original bulk and then titrate for the sugar. 

Mannitol was determined by Miiller’s method of measuring the 
change of rotation produced by the addition of a known weight of 
borax to the solution. The other substances present were found not 
tointerfere with this measurement. 

(2) Total Acids.—Fifty c.c. of the liquid were boiled for a short 
time with pure calcium carbonate, to effectually neutralise any free 
wid which might be present, and at the same time to remove calcium 
tarbonate held in solution by carbonic acid. The dissolved calcium 
was estimated in the filtrate by precipitating with ammonium oxalate, 
and weighing as lime. The peptone, which was usually employed as 
the nutrient medium, contained calcium and was found to yield 0-106 
gam of lime per 10 grams of peptone. This amount was therefore 
wubtracted from the quantity found, in order to obtain the lime equi- 
talent to the acids produced by the fermentation. 

(8) Alcohol— About 800 c.c. of the liquid were taken, 10 grams of 
oxalic acid added, the solution measured, and about 700—800 c.c. 
fitered off and distilled. The first 250 c.c. of the distillate were 
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reserved for the estimation of alcohol, and for this purpose wer 
neutralised with normal alkali in presence of phenolphthalein paper, 
and then redistilled through a fractionating column ; 100 c.c, of the 
distillate were collected and the alcohol calculated from the specific 
gravity. 

(4) Volatile Acids.—The distillation of the acidified liquid was con. 
tinued until only about 100 ec. remained in the flask, and this 
was then distilled in steam until 190 c.c. of the distillate only 
required about 0°2 c.c. of normal alkali for neutralisation, Ip 
the presence of lactic acid, it is impossible to attain perfect neutrality, 
as this acid is itself slightly volatile with steam, the error thus 
introduced amounting to about 1 c.c. per litre of distillate. The dis 
tillate was then neutralised with normal alkali in presence of phendl- 
phthalein, the residue from the alcohol distillation added, and the 
whole evaporated to dryness on the water-bath, redissolved in water, 
and diluted to 100 c.c. 

In order to ascertain the nature of the acids present, three fractions 

were obtained by the addition of successive quantities of sulphuric 
acid and subsequent distillation, and the barium salts prepared from 
these were analysed. As numerous experiments showed that no 
higher acid than acetic was produced, this extended examination was 
not in every case carried out, but the formic acid was directly estim- 
ated by oxidation with mercuric chloride, and the acetic acid found by 
difference. The small amount of lactic acid present was neglected, as 
it was found that the only satisfactory method of estimating lactic 
acid—oxidation with alkaline permanganate and estimation of the 
oxalic acid produced (Ulzer and Seidel)—is inapplicable in the presence 
of acetic acid. 
. (5) Lactic and Succinie Acide,—The residue from the steam distilla- 
tion was diluted to 150 c.c., and 25 c.c. were extracted with ether, 
which removes the lactic and succinic acids, together with some oxalic 
acid. ; 
Since lactic acid is difficult to extract from aqueous solution, and 
the nutrient solutions tend to form an emulsion with the ether whe 
shaken up by hand, it is convenient to employ some form of continuous 
extraction apparatus, and a modification of that described by Foerster 
(Chem. Zeit., 1898, 22, 421) has been found very suitable. 

The extraction was continued for 10 hours, at the close of which 
time experiment has shown that all the lactic acid is removed; the 
ether was then evaporated, and the liquid heated on the water bath 
with excess of calcium carbonate for several hours. The lactic a” 
hydride which is invariably formed when the ethereal extract is evapo! 
ated (Wislicenus) is thus completely converted into calcium lactate. 
The liquid was then filtered from the calcium oxalate and excess of 
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gatbonate and diluted to 400 c.c.; 150 c.c. of this solution were taken 
for the estimation of the total acid present by precipitation of the 
calcium as oxalate. 

Separation of Caleitum Lactate from Calciwm Succinate.—It was found 
that the principle of the method proposed by Miiller for the separation 
of lactic from succinic acid by means of the difference in the solubility 
of their barium salts in dilute alcohol could also be applied to the 
calcium salts. Traces only of calcium succinate dissolve in 90 per 
cent, alcohol, whereas calcium lactate dissolves to the extent of about 
$ grams in 100 c.c. of the liquid. The two salts can therefore be 
completely separated either by digesting the mixture of the dry salts 
with 90 per cent. alcohol, or, more conveniently, by dissolving the 
nixture in a measured volume of water and adding 9 volumes of 
alcohol. The following experiment, made to test the method, shows 
that the separation is practically complete. 


07056 gram of calcium lactate yielded 0°1292 gram of lime. 

07976 gram of the same salt was mixed with 0°1646 gram of pure 
calcium succinate, the whole treated with 90 per cent. alcohol, and the 
calcium estimated in the filtrate. This was found to yield 0:1468 
gram of lime, whilst the amount calculated from the foregoing analysis 
of the lactate is 0°1460 gram. 


The following method was therefore adopted for the separation and 
estimation of the succinic acid. One hundred and fifty c.c. of the 
solution of the calcium salts were evaporated to dryness on the water- 
bath in a beaker, the residue was dissolved in 10 c.c. of boiling water, 
and 90 ¢.c. of absolute alcohol were added. The liquid was allowed to 
stand for some time and then filtered, the precipitate washed with 
90 per cent. alcohol, and the calcium estimated in the filtrate after the 
removal of the alcohol by distillation. This gives the equivalent of 
the lactic acid present, whilst the difference between this and the total 
acid gives the succinic acid. The precipitated calcium succinate can 
alo be dissolved in water and the calcium in it estimated directly. 

(6) Determination of the nature of the Lactic Acid produced.—The 
method usually employed for this purpose is to convert the acid into 
the zinc salt and estimate the amount of water of crystallisation and 
the optical rotation of this, the zinc salts of the active acids crystal- 
lising with 2H,O (12°9 per cent.) and that of the inactive acid with 
3H,0 (18-1 per cent.). 

The zine salts of the inactive and active acids, however, differ in solu- 
bility, and it is therefore impossible to prepare the salt from the acids 
obtained by extracting with ether in a state of purity, without to some 
extent altering the proportions in which the active and inactive acids 
are present. The presence of succinic acid, moreover, renders it essen- 
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tial to remove this substance from the lactic acid before the conversion 
of the latter into the zinc salt. 

Attempts were therefore made to take advantage of the fact that 
the calcium salts of the active lactic acids have an optical rotation 
which is the opposite to that of the acids from which they are derived, 
and to estimate the amount of the active acid present from the change 
of rotation which occurs when the salt is converted into the acid. 

This method suffers from two disadvantages (1) the lactic acids and 
their calcium salts have a very low specific rotation ; (2) even in an 
aqueous solution of the acid there is a tendency towards the formation 
of an anhydride which has a much higher rotation than the acid, and 
in an opposite sense, 

It was, however, found that by working in the manner described 
below, fairly consistent numbers could be obtained. The results given 
in the present paper are founded on the numbers obtained by the 
examination of a sample of calcium d-lactate derived from extract of 
meat, and the rotations were all measured on a Schmitt and Haensch 
saccharimeter which can be employed with lactic acid for relative 
determinations of this kind. The observations are being extended to 
specimens of pure /- and d-lactates resulting from the fractional crys- 
tallisation of zinc ammonium lactate, a supply of which I owe to the 
kindness of Prof. Purdie, and a full account of the absolute measure- 
ments and conditions and limits of accuracy will shortly be published. 
The numbers given in the present paper are probably accurate to 
about 5—10 per cent. 

This method has the two advantages that a fair estimate of the 
nature of the whole of the lactic acid is obtained, and that the 
estimation can be carried out even in the presence of small amounts of 
optically active substances, such as proteid matter from the nutrient 
medium, or unfermented sugar, traces of which very frequently pass 
over into the ether extract in spite of the greatest care, owing to the 
character of the liquid to be extracted. 

To carry out the estimation, the remainder of the 150 c.c. of the 
liquid left after the removal of the volatile acids by distillation is 
extracted with ether and the acid thus obtained converted into the 
calcium salt, which is then freed from calcium succinate in the manner 
already described, 10 c.c. of water and 90 c.c. of alcohol being used 
for each 15 grams of salt. The alcoholic filtrate is evaporated, de- 
colorised if necessary with animal charcoal, and diluted so as to yield 
at least 30 c.c. of liquid. Five c.c. of the solution are taken for the 
estimation of the calcium, and from this the concentration of the 
solution is found. Two quantities of 12 ¢.c. are measured out and 
to one is added 1 c.c. of water, to the other 1 c.c. of aqueous hydro- 
chlorie acid containing sufficient acid to liberate the whole of the 
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lactic acid. Two solutions are thus obtained of the same concentra- 
tion, one containing the acid and the other the calcium salt. These 
are then examined in the polarimeter and the difference between their 
rotations observed. The amount of lime as active acid corresponding 
to this difference is then found from the table and the relation of this 
to the total amount of lime present gives the percentage of active 
acid, 


Action of Normal B. coli communis on d-Glucose. 


The following table contains the results of five experiments, each 
carried out with peptone water, as already described, in an atmosphere 
of nitrogen, 20 grams of pure glucose being used. 

Experiment No. 3 was carried out with a solution of ammonium 
sulphate containing 6°6 grams of this salt per litre, instead of peptone. 

The gaseous products are expressed in c.c. per gram of sugar, and 
the other products in percentages of the weight of sugar fermented. 

The organism employed in experiments 1, 2, and 3 was isolated from 
the stool of an adult, that employed in No. 6 from that of an unweaned 
child ; and those used for Nos. 4 and 5 were isolated from the feces of 
adog and a rabbit respectively. The culture was made in every case 
into Parietti broth ; the resulting growth was plated out, and cultures 
taken from a single colony. All the organisms gave the usual reac- 
tions for the normal bacillus. 


| Carbon di- 


C.e. per 1 gram. 


of excess of 
l-acid in the 
lactic acid. 
Acetic acid 
Succinic 
Formic acid. 
oxide, per 


Carbon | 
dioxide, Hydrogen. 


| Lactic acid. 
Percentage 


| 12°99 | 40°1 | 79 | 19°95 
20 | 819 { not de- } 18:8 


termined 


nr 15°63 
ed 1414 
75 19°69 
12°02 | 10°9 


Dog... ..| 14°68 | 
| 1163 | 
ww] 13°83 | 


20 | | 
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These results illustrate the degree of variation which is found in the 
action of these organisms. Even parallel experiments, carried out 
with the same culture under apparently identical conditions, have 
frequently been found to yield the various products in somewhat 
different proportions. The weight of lactic acid produced varies from 
419 to 46 per cent., but never exceeds 50 per cent. of the sugar 
employed. In every case, this acid consists of a mixture of inactive 
acid with a preponderating amount of /-acid. In spite of this result 
however, the production of /-lactic acid cannot be taken as an essential 
function of this organism, since the production of the d-acid has been 
frequently observed by various authors, employing this bacillus derived 
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from various sources. It has also been found by Péré (Ann. Inst. Past,, 
1898, 12, 63; 1893, '7, 737) that some of these organisms may be made 
to yield either d- or /-lactic acid, according to the conditions of nourish. 
ment, whilst others yield the same acid under all conditions. 

These numbers do not, in every case, account for the whole of the 
sugar, there being a deficit amounting to from 1/12th to 1/8th of the 
total carbon, but a careful search has not yet revealed the nature of the 
change which this remaining portion has undergone. It is possible 
that a portion of the sugar is reduced either by the hydrogen which is 
evolved, or by a reaction in which a molecule of water, or perhaps of 
formic acid, intervenes. Sorbitol, which might be thus produced, is 
not easily fermented by the organism, and might remain unaltered 
and escape notice. Further experiments are still in progress with the 
object of deciding this question. 

A clearer view of the nature of the chemical change is afforded by 
expressing the results in terms of the carbon atoms of the original 
sugar. This is done in the following table : 


Carbon atoms as 


Source of . 
organism. casi ce . 
Alcohol, | Suecinic | oxide an 
acid. formic 
acid. 


1:32 
191 1°01 
2°40 0°98 
271 | 0 0°70 
2°67 | 1: 0°80 
276 | 0° 0°85 


This reveals the fact that whilst the lactic acid accounts for 2-3 
of the carbon atoms of the original molecule, the alcohol and acetic 
acid are formed in nearly equivalent amounts, and each accounts for 
only one carbon atom of the sugar molecule. The amount of carbon di- 
oxide obtained in different experiments represents less than 1 carbon 
atom, but never falls below 0°5. The ratio of hydrogen to carbon di 
oxide is not exactly 1:1 by volume, but does not depart widely from 
this ratio. The production of about half the weight of the sugars 
lactic acid, and of acetic acid and alcohol in equivalent amounts, each 
corresponding to about 1 carbon atom of the sugar molecule, may be 
represented by a very simple equation, which, however, somewhat over- 
estimates the amounts of carbon dioxide and hydrogen which am 
actually found : 

2C,H,,0, + H,0 = 20,H,0, + C,H,O, + C,H,O + 2CO, + 2H. 
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It seems probable, however, that this represents the main reaction, 
but is subject to modification by secondary changes (see p. 626). 

In solutions containing beef broth, as already mentioned, the pro- 
ducts derived from the sugar cannot be distinguished accurately from 
those previously present in the broth and formed from it by the action 
of the organism. The lactic acid obtained in this medium is invariably 
much less active, and sometimes quite inactive, as has been pointed out 
ina previous paper (Zrans. Jenner Inst., 1899, 2, 126). This is, at all 
events in part, to be ascribed to the presence of d-lactic acid in the 
broth, since this acid is not affected by the organism (p. 625). Precisely 
similar relations are found with levulose and mannitol. 


The Fermentation of Glucose by Bacillus typhosus. 


The products of fermentation of glucose by B. typhosus are very 
similar in character to those produced by B. coli communis, the only 
essential difference being that formic acid is produced-in large 
quantity, instead of only in traces. This formic acid doubtless 
represents the carbon dioxide and hydrogen which are produced by 
B. coli communis, the B. typhosus being unable to decompose formates, 
whilst B. coli communis, as will be shown later on, has this power 
(see also Pakes and Jollyman, this vol., p. 386). The fermentation 
isnot a very vigorous one, and in all cases terminated when about 
half of the sugar had been decomposed. 

The two following experiments were carried out with cultures of 
Virulent typhoid in an atmosphere of nitrogen. The solutions were 
sterilised at 80° for an hour before being examined : 


II. 


Per cent. Carbon atoms. |} Per cent. Carbon atoms, 


49°5 2°96 
if7 0‘76 

9°1 0°70 
trace trace 
17°7 0°69 


a 


In both cases, a mixture of inactive with /-lactic acid was formed ; 
that produced in experiment I was found to contain 47°5 per cent, of 
the active acid, this being a smaller proportion than is produced by 
the B. coli communis. 
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Action of Abnormal Forms of B. coli communis on Glucose. 


Only three of these organisms have so far been employed: 1. Two 
organisms which differed from the normal only in not curdling milk 
until after the expiration of 7 or 8 days. One of these (A) was 
isolated from the feces of a guinea-pig, and the second (B) from those 
of a pigeon. 

2. An organism (C) which I owe to the kindness of Dr. Gordon, 
who had isolated it from sewage. This organism gave no gas with 
sugar solutions, but curdled milk and produced indole in the normal 
manner. 

The results are stated both in percentages and in terms of the 
carbon atoms of the sugar molecule. 
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It appears from this that organisms A and B do not differ essentially 
from the normal B. coli communis in their action on glucose, although 
they yield rather less lactic acid and more alcohol and acetic acid 
(see p. 618). 

The organism ©, on the other hand, differs distinctly in its mode of 
action, both from B. coli communis and B. typhosus. The amount 
of lactic acid is greater, and the proportion of active acid less, whilst 
the alcohol and acetic acid are produced in different proportions. Like 
B. typhosus, this organism produces formic acid, which it appears to be 
unable to decompose. 

This result shows that an organism which appears by its cultural 
tests to be closely related to the colon bacillus and to B. typhosus, may 
nevertheless differ from both of these in its action on glucose. 
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Action of B. coli communis on Levulose (d-Fructose), 


Levulose is readily fermented by this organism, both in peptone 
water and in peptone beef broth. The products are identical in 
character with those produced from glucose. The following results 
were obtained in peptone water ; 20 grams of the sugar containing 
08 gram of water, and 19-2 grams of lzvulose were employed : 


I. II. 
| 


| 
| Percent. | Carbon atoms. Per cent, | Carbon atoms. 


Lactic acid 43 | 2°58 
Succinic acid not determined 
Alcohol | Aa ® 

Acetic acid | 13 | 0°78 
Carbon dioxide ... 15°5 0°63 
Formic acid | a 


The lactic acid produced in both cases was levorotatory. That 
derived from experiment I was not further examined. That obtained 
from experiment II was converted into the zinc salt. As this was 
found to contain succinic acid, the lactic acid was re-extracted, con- 
verted into the calcium salt, and the latter purified and examined as 
usual, It was found to contain 90 per cent. of the active /-lactic 
acid. 

An experiment which. was carried out in peptone beef broth yielded 
avery similar result to experiments with glucose under the same con- 
ditions, The lactic acid- obtained was greater in quantity (65 per 
cent,), and contained only 51 per cent. of active acid. As is the case 
with glucose in this medium, the sum of the products exveeded the 
weight of the sugar taken. 

The difference of constitution between glucose and levulose, there- 
fore, does not appear to produce any difference in the character of the 
products of fermentation by this organism. The lactic acid in parti- 
cular is of the same character, and this shows that the configuration 
of the lactic acid produced does not depend on that of the carbon atom 
situated in the a-position to the aldehyde group of glucose, since in 
levulose this atom is not asymmetric. 


Action of B. coli communis on Mannitol. 


Although the substitution of levulose for glucose produces no recog- 
nisable difference in the products of fermentation, a very marked 


622 HARDEN: THE CHEMICAL ACTION OF BACILLUS COLI 


change is observed when the sugar is replaced by a hexatomig 
alcohol. F 

Dulcitol is not fermented by this organism. The attempt was made 
in peptone water, and although the organism developed well, no sign 
of fermentation (gas evolution, or production of acid) could be 
observed, A similar power of discriminating between mannitol and 
dulcito] has previously been observed in other organisms, 

Sorbitol appears to undergo only a very slight fermentation when 
submitted to this organism, and the products have not yet been 
examined, 

Mannitol, on the other hand, is very vigorously and completely acted 
on, the products being qualitatively the same as those produced from 
glucose and lzvulose, 

The following are the complete results of two experiments, I in 
peptone water, II in beef broth ; 


II, 


Per cent. Carbon atoms. Per cent. Carbon atoms, 


Lactic acid 
Succinic acid? 
Acetic acid’ 
Alcohol 

Formic acid 
Carbon dioxide ... 


Per cent. of active 
29 


Hydrogen (atoms) 2°7 2°7 


The lactic acid from experiment I was first converted into the zine 
salt, and this was then treated with pure lime, and the resulting 
calcium salt purified and examined in the usual manner. 

The experiment in beef broth, as usual, yields high results, whilst 
the lactic acid is less active. 

The most noticeable point about this result is the large yield of 
alcohol, which considerably exceeds 25 per cent. of the weight of the 
mannitol fermented. It is always produced in this large proportion, 
two other experiments giving 28-2 per cent. (peptone water) and 26% 
per cent. (sodium asparaginate). "When separated by means of 
potassium carbonate, dried over the same salt and distilled, it boiled 
constantly at 78°, and was therefore pure ethyl alcohol. The suocinle 
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yid is much larger in amount than that obtained from glucose, whilst 
the lactic and acetic acids are much smaller. The amount of hydrogen 
evolved is also greater, the total amount, including that of the unde- 
composed formate, being nearly three atoms of that contained in the 
mannitol. The fact that the amount of alcohol corresponds with two of 
the carbon atoms of the mannitol, whereas glucose only yields one 
of its carbon atoms as alcohol, seems to be definitely connected 
with the fact that in mannitol there are two groups of the formula 
(H,(OH)-CH(OH)*, whilst in glucose only one such group oceurs. 

The view that the alcohol produced originates from this particular 
group is strikingly confirmed by the action of this organism on glycerol, 
(H,(0H)‘CH(OH)-CH,"OH. Quite recently, I have found that the 
chief products of this action are alcohol and formic acid, or its decom- 
psition products, carbon dioxide and hydrogen, only a very small 
quantity of other acids being produced. 


C,H,0, = C,H,O + CH,0, 
52 grams of glycerol yielded 2°4 grams of alcohol, 1'8 grams of 
formic acid (partially as carbon ‘dioxide and hydrogen), together with 


small amounts of two other acids, probably acetic acid and succinic 
acid. 


Reduction of Asparaginic Acid by B. coli communis in presence of 
Glucose and Mannitol. 


When the sole nitrogenous nourishment supplied to this organism 
consists of sodium asparaginate, glucose and mannitol are fermented 
in the usual manner, with the single exception that the amount of 
hydrogen evolved is much less, a large proportion of it serving to 
reduce the asparaginic acid to ammonium succinate. 

00,H: CH,* CH(NH,):CO,H + 2H = CO,H:OH,*CH,*00,H + NH. 

This is shown in the following table of results, in which col. I gives 
(a) the volume of hydrogen actually evolved ; (5) the volume of hydro- 
gen taken up by the asparaginic acid, calculated from the ammonia 
found in the solution, and (c) the volume of hydrogen evolved in 
another experiment in presence of peptone from the same weight of 
glucose. Col. II gives the same information for mannitol. The solu- 
tions contained 20 grams of sodium asparaginate and 20 grams of 
glucose and mannitol respectively per litre. 

I Il. 


Glucose. Mannitol. 
c.C. 


887 
2038 


c.c. 
663 
1221 


} 1884 
1776 3274 


k 2925 
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The occurrence of this reduction is of some interest, since asparaginic 
acid is not very easily reduced by ordinary reagents, but requires to be 
heated with hydriodic acid. "Whether the reduction is due to a purely 
chemical reaction or whether the protoplasm of the organism plays a 
direct part in the reduction must remain at present undecided, 

The reduction is also interesting from another point of view, as shov. 
ing that an organism like B. colt communis, which has very little direct 
action on proteids, may, nevertheless, under appropriate circumstances 
assist in the process of still further decomposing the products formed 
from them by putrefaction. 

Experiments made with aminoacetic and aminopropionic acids to 
ascertain whether a similar reduction occurred gave negative results, 
the growth of the organism being very feeble and no ammonia being 
formed. 


Action of B. coli communis on d-Galactose and 1-Arabinose. 


Both of these sugars are fermented by this organism, with forma- 
tion of the same products as are derived from glucose. The complete 
course of the action is still under investigation, but it may be stated 
that both yield a mixture of /lactic acid with the inactive acid. 
l-Arabinose, moreover, yields alcohol and acetic acid in about the same 
molecular proportion as glucose, whilst the amount of lactic acid is 
only half as great. 


Action of B. coli communis on Formates and Lactates. 


The fact that B. coli communis differs in its action on glucose from 
B. typhosus, mainly by the production of carbon dioxide and hydrogen 
instead of formic acid, led to experiments on the direct action of the 
former organism on formates. It was found that this organism effects 
the decomposition of these salts according to the equation 


H-CO,Na + H,O = NaHOO, + H,. 


Hoppe-Seyler, in 1876, described a decomposition of this kind by 
the action of the bacteria of sewage, and quite recently Messrs. Pakes 
and Jollyman (this vol., p. 386) have drawn attention to this function 
of B. coli communis and other organisms. 

The particular organism employed in these experiments exerted com- 
paratively little action on a solution containing 2 per cent. of sodium 
formate and 1 per cent. of Witte’s peptone. In presence of a small 
amount of sugar, however, a much larger amount of the formate was 
decomposed, as is shown in the following table, the hydrogen due to 
the sugar being deducted : 
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Sodium formate 2 per cent. 2 percent. 2 per cent. 
Glucose 0 ” 02 ,, 04 , 
Hydrogen evolved ... 105 c.c. 1122 c.c. 1481 


Increase of pressure appears to favour the formation of formic acid 
instead of its decomposition products. Thus, under an additional 
pressure of 0°5 atmosphere, the amount of formic acid produced was 
increased in one case 3 times, and in a second experiment 10 times. 


Pressure. C.c. of N-formic acid from 1 gram of glucose. 
1 atmosphere. 0°15 
15 re 0°42 
15 9s 1°32 


This organism has practically no action on inactive lactic acid in 
the form of ammonium, calcium, or sodium salt, and even when a 
small amount of glucose is added, the amount of active lactic acid 
produced is not greater than is produced from the sugar alone. 
Thus, a 2 per cent. peptone solution, containing 9 grams of 
lactic acid as sodium salt, together with 1:8 grams of glucose, only 
yielded 0°4 gram of active lactic acid, the whole of which is derived 
from the sugar. 

This fact is important as showing that the active lactic acid which _ 
results from the action of the organism on so many sugars is almost 
certainly not formed by the selective decomposition of previously 
formed inactive acid. 


Theoretical Considerations. 


The results communicated above seem to show that in the fermen- 
tation of d-glucose and d-fructose, at least two molecules are con- 


cerned, and that the chief reaction may be best represented by the 
equation 


20,H,.0, + H,O = 2C,H,O, + C,H,O, + C,H,O + 2CO, + 2H,, 


Which finds a simple diagrammatic expression as follows : 


= OH,°CH,-OH + CO, + H, 


+ H,O = CH,°CO,H + CO, + H,. 


VOL, LXXIx, x x 
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According to this scheme, two groups, *CH(OH):CH(OH)-CH(0H);, 
are left, which may then be converted into lactic acid or partly break 
down into other compounds, among which alcohol, acetic acid, 
hydrogen, and succinic acid are probably to be numbered, This 
secondary change probably accounts for the fact that in some cases 
(experiments A and B, p. 620), whilst the lactic acid represents con. 
siderably less than 3 atoms of carbon, the alcohol and acetic acid are 
correspondingly larger in amount. 

In the case of mannitol, the fact that the presence of two 
*CH,(OH)-CH(OH): groups gives rise to a largely increased yield of 
alcohol and a decreased yield of acetic acid, must certainly be con- 
sidered significant. The chief reaction in this case may also be most 
easily imagined as embracing two molecules : 


= OH,‘CH,OH + CO, + H, 


= CH,‘CH,‘OH + CO, + H,. 


The two residual groups, *CH{OH)-CH(OH):CH(OH):, then 
behave in an analogous manner to those derived from the sugars, but 
yield in this case less lactic acid and more of the other products. 

From this point of view the action of the organism on a pentose 
like Larabinose is of great interest. If the action is of the same 
type as that on glucose, fructose, and mannitol, the maximum yield of 
lactic acid should only be 30 per cent. of the weight of the sugar, 
only three carbon atoms from two molecules being available for the 
production of the acid, whereas in the case of glucose six atoms are 
available : 


CH,:OH 
CO CH,-0H 
CH-OH | OH-OH 
GOH 
CHO 
OHO 


The acetic acid and alcohol, on the other hand, should represent 
each one carbon atom per molecule of the sugar, The single experiment 
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so far completed is in good agreement with this scheme, the amounts 
of alcohol and acetic acid formed bearing nearly the required ratio to 
the lactic acid, but the experiment must be multiplied before any 
definite conclusion can be drawn. 

The group ‘*CH(OH)-CH(OH)-CH(OH);, from which it is suggested 
that the lactic acid is formed, has the same empirical composition as 
lactic acid, and would yield this acid by the interchange of a hydrogen 
and oxygen atom between the two terminal groups, or between the 
terminal groups of a second similar chain derived from another mole- 
cule of the sugar. 

The unaltered asymmetric group, ‘CH(OH):, would then retain its 
asymmetry in the new molecule of lactic acid thus produced. Such a 
rearrangement, however, if it could be effected by means of reagents 
conteining only symmetric molecules, would probably result in the 
production of an inactive acid, the oxidation and reduction taking 
place to an equal extent at either end of the chain. 


CH-OH CO,H 


CH, 
H@ox H@ou u@ou 


| 
00,H OH-OH OH, 


The change being, however, brought about in the presence of the 
asymmetric molecules of the protoplasm of the organism—or possibly 
of an enzyme—would most probably be influenced so as to proceed 
entirely in one direction, or more rapidly in one direction than in the 
other, and thus give rise to an active acid, the activity of which would 
be independent of the previous configuration of the group and depend 
only on the nature of the organism. This view is therefore not incon- 
sistent with the fact observed by Péré that the same sugar when sub- 
mitted to the same organism, but under different conditions of nourish- 
ment, may yield lactic acids of opposite signs. Before admitting this 
explanation, it would, however, be necessary to show that the type of 
reaction had remained unaltered. 

The question of the origin of the lactic acid within the molecule of 
the sugar may also be attacked by examining the products formed 
from sugars of different configuration, and the work is being proceeded 
With in this direction ; it is also being extended to embrace a study of 
the various other types of formation of lactic acid from the carbo- 


hydrates, and the action of these organisms on compounds of different 
constitution. oe 
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Summary of Results. 


1. In the fermentation of glucose by B. coli communis, the lactic 
acid produced never exceeds in amount one half of the sugar fermented, 
but may be less. It is optically active, but is probably not derived 
from previously formed inactive acid. Alcohol and acetic acid are 
produced in approximately equivalent amounts. 

2. The products of fermentation of glucose by B. typhosus are similar 
to those produced by B. coli communis, with the exception that formic 
acid is produced instead of a mixture of carbon dioxide and hydrogen, 

3. Certain bacteria which appear by the ordinary tests to be inter. 
mediate between B. coli communis and B. typhosus decompose glucose 
according to a different type of reaction. 

4, d-Fructose, when fermented by B. colt communis, yields the same 
products as glucose, and in the same proportion. 

5. Mannitol, when fermented by B. colt communis, yields about 
28 per cent. of alcohol, corresponding to two of its carbon atoms, together 
with less lactic acid and acetic acid than are formed from glucose, The 
alcohol appears to be produced from the group CH,(OH)-CH-OH. 

6. Asparaginic acid is reduced to ammonium succinate by B. coli 
communis in presence of glucose or mannitol, the volume of hydrogen 
evolved being correspondingly diminished. 
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LXV.—The Action of Alkyl Haloids on Aldozimes and 
Ketoximes. Part II. Alkylated Oximes and iso- 
Oximes, and the Constitution of Aliphatic Oximes. 


By Wynpuam R. Dunstan and Ernest GouLpING. 


In a previous paper (Trans., 1897, '71, 573) we have shown that by the 
direct action of alkyl iodides on aldoximes and ketoximes, alkyl deriv- 
atives are obtained in which the alkyl group is joined to the nitrogen 
atom, the true ethers of the oximes not being formed under these 
conditions. The cases investigated were formaldoxime, acetaldoxime, 
acetoxime, and acetophenoxime, whilst that of benzaldoxime had been 
previously examined at the suggestion of one of us by Luxmoore 
(Trans., 1896, 69, 183). It is already known that in the presence of 
sodium methoxide, certain oximes furnish chiefly the isomeric ethers 
in which the alkyl group is joined to oxygen, but these derivatives 
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the aliphatic series are at present little known. Beckmann (Ber., 
1889, 22, 429) obtained the first of the alkyl nitrogen derivatives 
from benzaldoxime, whilst Goldschmidt (Ber., 1890, 23, 2163) showed 
that aromatic oximes sometimes furnish both isomerides when acted 
upon by an alkyl iodide in the presence of sodium methoxide, 

In the present paper, we give an account of the action of several 
alkyl iodides on representative aldoximes and ketoximes in the pre- 
sence of sodium methoxide. We show that under these circumstances 
both isomerides are invariably produced, the quantity of each depend- 
ing on the nature of the oxime and of the alkyl iodide used. We give 
an account of the properties and reactions of the alkyl-nitrogen and 
alkyl-oxygen derivatives of acetoxime, acetophenoxime, and acetald- 
oxime, obtained through the action of methyl, ethyl, and propyl iodides 
in the presence of sodium methoxide. We prove that the one set of 
derivatives in which the alkyl group is joined to nitrogen (sometimes 
clumsily designated “ nitrogen ethers”) are to be regarded as derived 
from an isomeric or tautomeric isooximido-form of the oximes, that is, 
for aldoximes, 

R:CH-NH R:CH-NR! 
\o% \o% 
isoAldoxime. Alkylisoaldoxime. 
and for ketoximes, 
R,C—NH R,C—NR! 
\o% NoZ 


isoKetoxime. Alkylisoketoxime. 


On hydrolysis, these derivatives furnish the corresponding aldehyde 
or ketone, and a f-substituted hydroxylamine, CH, gut > a CH, +H,0 
0 
= CH,'CHO+ N(CH 3) HOH, whilst on reduction by the usual methods 
they furnish an amine of the substituted alkyl group, and again the 
aldehyde or ketone. If special precautions are taken in effecting the 
reduction, the corresponding secondary amines are obtained. It is 
remarkable, as was pointed out in our previous paper, that these com- 
pounds in which the alkyl groups are joined to nitrogen are extremely 
unstable, and are usually obtained in combination with sodium iodide, 
Attempts to free them from combination with sodium iodide in the 
presence of water usually leads to immediate hydrolysis, 

On the other hand, the true ethers have been obtained in the free 
state as liquids possessing considerable stability. They behave as 
derivatives of the ordinary oxime in which the alkyl replaces the 
hydrogen in the hydroxyl group, and is consequently in union with 
oxygen, 
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R'CH:N-OH R°CH:N:OR} 
Aldoxime, Alkyl] ether. 
R,C°N-OH R,C°N-OR! 

Ketoxime. Alky] ether, 

Their hydrolysis, which is more difficult to accomplish than that of 
their isomerides, results in the production of an aldehyde or ketone 
and an a-substituted hydroxylamine, CH,’CH:N-OOH, +H,0= 
CH,*CHO+NH,°OCH,. Corresponding products are obtained on 
reduction. ' 

The fact that, under the conditions described, two varieties of alkyl 
derivatives may be obtained from aldoximes and ketoximes strongly 
supports the view that these oximes are capable, under certain condi- 
tions, of existing in tautomeric or isomeric forms corresponding with 
the general formule given above, a view to which we have already 
called attention. | 

The observation that the direct action of an alkyl haloid on an 
oxime results in the production of the alkyl isooxime, leads to the 
conclusion that the isooximido- is probably the normal configuration of 
an oxime, the oximido-form being induced by the presence of alkali, 
and probably determined by the formation of a “salt.” The facility 
with which these metallic derivatives are dissociated accounts for the 
fact that the isomeric alkyl <sooximes are also produced in presence of 
sodium methoxide, no doubt by direct action of the alkyl iodide on the 
regenerated oxime, 


Action of Methyl Iodide on Acetoxime in presence of Sodium Methouide. 
Methylacetoxime and Methylisoacetoxime. 


9°2 grams of sodium were dissolved in methyl alcohol, and a solu- 
tion of acetoxime (29°2 grams) was added. Methyl iodide (56°8 grams) 
was gradually introduced into the mixture contained in a flask con- 
nected with a reflux condenser, Action occurred at once with consider- 
able rise in temperature. When the whole of the methyl iodide had 
been added, and the vigorous action had subsided, the flask was heated 
on the water-bath for half-an-hour. 

The product was now distilled. The first fraction (about 30 c.c.), 
which was collected separately, contained a substance of fragrant odour, 
which proved to be the methyl ether of acetowime, (CH,),C:N-OCH,. 
In order to isolate this compound, the distillate was saturated with 
powdered calcium chloride, and after standing for 24 hours was dis- 
tilled. The distillate was again mixed with calcium chloride and re- 
distilled. The final product thus obtained was a colourless, mobile 
liquid of characteristic odour, which boiled at 72—72°5°. The yield 
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of this compound is very small, and does not amount to much more 
than 6—7 per cent. of the acetoxime employed. ' 

Acetoxime methyl ether is fairly soluble in water, and mixes with 
alcohol and ether in all proportions. Its aqueous solution is neutral 
to litmus. 

When the methyl ether is dissolved in a very small quantity of an 
alcoholic solution of hydrogen chloride, and platinic chloride is added, 
the platinichloride separates immediately in small, prismatic needles ; 
on recrystallising this salt from alcohol by the addition of ether, it 
forms well-defined hexagonal prisms with pointed ends which deliquesce 
in air. 

00811 gave on ignition 0°0268 Pt. Pt=33:1. 

[(CH,),0:N*OCH,],,H,PtCl, requires Pt = 33°2 per cent. 

When heated with hydrochloric acid (10 per cent.) for an hour in a 
flask attached to a reflux condenser, the substance is hydrolysed with 
the formation of acetone and a-methylhydroxylamine. 

(CH,),0:N: OCH, + H,O = (CH,),CO + NH,*OCH,. 

On evaporating the product to dryness, a residue was obtained 
which completely dissolved in alcohol, and on the addition of ether to 
the alcoholic solution, the hydrochloride of a-methylhydroxylamine 
separated in pearly scales melting at 148°, which did not reduce 
Fehling’s solution. Some of this salt was reduced by warming it with 
zine and hydrochloric acid ; the product was made alkaline by the 
addition of solution of soda, and the liberated base distilled into dilute 
hydrochloric acid. Upon evaporating the acid distillate to dryness, a 
white, crystalline residue was obtained, insoluble in alcohol, and possess- 
ing the characters of ammonium chloride. The platinichloride was 
prepared and analysed. 


0'2563 gave 0°1133 Pt. Pt= 44:2. 
(NH,Cl),PtCl, requires Pt = 439 per cent. 


It is evident, therefore, that the salt is a-methylhydroxylamine 
hydrochloride, and that the compound which furnished it on hydrolysis 
is the methyl ether of acetoxime, (CH,),C:N-OCH,, 

The product of the reaction from which the ether and some of the 
methyl alcohol had been distilled crystallised on cooling in long, 
colourless needles. On examination, these were proved to be a compound 
of sodium iodide with methylisoacetoxime, etn £ OR x *CH,,Nal, 

0” 
corresponding to the similar compound of methyliso-8-m-nitrobenzald- 
oxime which has been described by Goldschmidt and Kjellin (Ber., 
1891, 24, 2808). It was collected, drained on a porous tile, dried in 
the desiccator, and recrystallised from hot methyl alcohol. 
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0°5243 gave 05187 Ag]. I=53°5. | 
0°3471 yielded 0°02065 N (as ammonia). N=5-95, 
ee FOF ak requires 1=53°6. N=5-91 per cent, 
0 


This substance is deliquescent and very readily soluble in water ; it 
also dissolves in methyl and ethyl alcohols, but is insoluble in ether, 
It melts at 206° with decomposition. When warmed with dilute acid 
or boiled with water, it is quickly hydrolysed with the production of 
acetone and £-methylhydroxylamine, 

me + H,O = (CH,),CO + NH(CH,)-OH, 
0 

An aqueous solution of the compound was distilled ; the distillate 
contained acetone and an alkaline base which strongly reduced 
Fehling’s solution. The liquid was acidified with hydrochloric acid and 
evaporated to dryness on the water-bath. The residue possessed all 
the characters of 8-methylhydroxylamine hydrochloride, crystallising 
in long extremely hygroscopic needles, which melted at about 85°; on 
reduction with zinc and hydrochloric acid, it furnished methylamine, 

When the substance is boiled with hydriodic acid, it is hydro- 
lysed and the f-methylhydroxylamine is immediately reduced to 
methylamine. The methylamine was obtained as the hydrochloride, 
and the platinichloride prepared and analysed. 


0°1239 gave 0°0513 Pt. Pt=41°4. 
(NH,°CH,),,H,PtCl, requires Pt = 41°3 per cent. 


In another experiment, some of the sodium iodide compound of the 
methyl derivative was dissolved in water, zinc dust added, and then 
very dilute hydrochloric acid in small quantities at a time. The base 
was liberated in the usual way and identified as methylamine by 
means of the platinichloride. 


0:0726 gave 0°0301 Pt. Pt=41°5 per cent. 


Acetone, but no trace of any other amine than methylamine, could 
be detected, and it therefore seems probable that reduction ooours 
thus : 

5s pat + H, = (CH,;),CO + NH,:CH,. 
8) 


If a solution of iodine in strong hydriodic acid is added to a solution 
of the sodium iodide compound in methyl alcohol (in approximately 
the proportions required to form the periodide) and the mixture 
evaporated nearly to dryness on the water-bath, a residue is obtained 
consisting of sodium iodide and crystals showing a fine beetle-green 
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lustre ; the latter may be extracted with chloroform and purified by 
repeated crystallisation from the same solvent. Analysis shows that 
this compound is the periodide of methylisoacetoxime previously 
obtained by us (Trans., 1897, '71, 577) by the direct action of methyl 
jodide on acetoxime. We have shown that the formula of this com- 
pound is site TS Za actttent 


Many attempts have been made to separate the methyl derivative 
from the sodium iodide compound, but hitherto without success on 
account of the facility with which it suffers hydrolysis immediately 
it is liberated in the presence of water. 


Action of Ethyl Iodide on Acetoxime. LHthylacetoxime and Ethyliso- 
acetoxime. 


When acetoxime, dissolved in methyl alcohol, is mixed with the 
calculated quantity of sodium methoxide and ethyl iodide, a vigorous 
reaction occurs, so much heat being developed that it is necessary to 
cool the flask. When the action has subsided, the flask is heated on 
the water-bath for half-an-hour with an upright condenser attached. 

The ether passes over on distillation with the first fraction of methyl 
alcohol, and being almost insoluble in water it can be obtained from 
the alcoholic distillate by the addition of water, when it rises to the 
surface as a colourless mobile oil. It is separated and dried with 
calcium chloride. The usual yield of this substance is about 20 per 
cent, It has a pleasant ethereal smell, boils at 91°5—92°5°, and is 
miscible with alcohol and ether in all proportions. The platinichloride 
was prepared in a similar manner to that of the methyl ether. The 
crystals which first separated were washed with a mixture of alcohol 
and ether, redissolved in a small quantity of warm alcohol, and recrys- 
tallised by the addition of ether. The salt forms long, rectangular 
prisms of a fine orange colour. 

It is deliquescent and extremely soluble in water, readily soluble in 
alcohol, but insoluble in ether. 


01102 gave 00352 Pt. Pt=31°9. 
[(CH,),0:N*OO,H,],,H,PtC!, requires Pt = 31°8 per cent. 


The concentrated liquid from which the ethyl oxime had been dis- 
tilled was transferred to an evaporating dish; on standing in the 
desiccator, crystals of sodium iodide slowly separated. The mother 
liquor was decanted from these, and further concentrated in a vacuum 
when @ mass of needle-shaped crystals suddenly formed, which analysis 
has shown to consist of a compound of ethylisoacetoxime with 
sodium iodide, (CH,),C——N-Et,Nal, 

\Q’ 
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This substance exhibits all the usual characters of these compounds; 
on hydrolysis, it yields acetone and f-ethylhydroxylamine; it jg 
hygroscopic and deliquescent and very soluble in water and in alcohol, 
When reduced with zine dust and hydrochloric acid as in the previous 
ease, it yields ethylamine. This was identified by preparing the 
hydrochloride and platinichloride ; the latter salt was analysed, with 
the following result : 


0°0506 gave, on ignition, 0°0198 Pt. Pt=39°1. 
(NH,°C,H,),,H,PtCl, requires Pt = 39-0 per cent. 


Action of Propyl Iodide on Acetoxime. Propylacetoxime and Propyl- 
isoacetoxime. 


When propyl iodide is added to the calculated quantity of solu- 
tion of sodium acetoxime in methyl alcohol, the action does not 
take place so vigorously as when methyl and ethyl iodides are used, 
and less heat is evolved. In order to complete the reaction, the solu- 
tion is heated for about 3 hours on the water-bath. About two-thirds 
of the alcohol is now distilled off, and this carries the propylacetoxime 
with it ; on the addition of water, the latter is thrown out of solution 
and rises to the surface as a colourless, sweet-smelling oil. It is 
separated and dried with calcium chloride. When heated in 
paraffin bath, it distils almost constantly at 116°5°, The yield is 
about 20 per cent. 

The concentrated solution from which the propylacetoxime has been 
distilled is dark coloured. When evaporated in a vacuous desiccator, 
sodium iodide crystallises out and a very viscous liquid remains, which 
possesses a carbamine-like odour (due probably to some decomposition). 
When hydrolysed with dilute acid, it yields acetone and a base possess 
ing powerful reducing properties, which is doubtless 6-propylhydroxy!- 
amine. This liquid could not be crystallised. It was, however, without 
doubt the sodium iodide compound of propylisoacetoxime, for when 
reduced with zinc and hydrochloric acid, a base was obtained which 
furnished a hydrochloride possessing the appearance and general 
properties of propylamine hydrochloride. The platinichloride was 
prepared, recrystallised, and analysed. 


0°0878 yielded on ignition 0°0326 Pt. Pt=37:1. 
(NH,°C,H,),,H,PtCl, requires Pt = 37:0 per cent. 


The action of propyl iodide on this oxime is therefore analogous t 
that of ethyl iodide. 
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Adtion of Methyl Iodide on Acetaldoxime in the presence of Sodiwm Meth- 
oxide. Methylacetaldoxime and Methylisoacetaldoaime. 


When methyl iodide is added to a solution of acetaldoxime and 
sodium methoxide in methyl alcohol, a vigorous reaction takes place, 
requiring the flask tobe kept well cooled. The method adopted was 
tocool the solution of acetaldoxime and sodium methoxide to 0°, and 
gradually to add the methyl iodide through the upright condenser tube. 
After the mixture has been kept at 0° for 3 or 4 hours, the tempera- 
ture is allowed to rise slowly, and the solution finally heated for 15 
minutes on the water-bath. 

On distillation, the true ether, methylacetaldoxime, passed over in 
the first fraction ; this was treated with calcium chloride and allowed 
tostand in order to remove the methyl alcohol, the ether distilled off, 
and again treated with calcium chloride. The pure substance boils at 
415°, It possesses a sweet, ethereal odour, is soluble in water, and 
readily miscible with ether and alcohol. A yield of about 10—11 per 
cent, was obtained, When hydrolysed by heating on the water-bath 
with hydrochloric acid (5 per cent:), it yields acetaldehyde and a-methyl- 
hydroxylamine ; the latter was identified by means of its hydrochloride, 
which melted at 148°, and possessed the general characters of this salt, 


CH,-CH:N-0CH, + H,O =CH,:CHO + NH,-OCH,. 


The solution from which the ether had been distilled was transferred 
toa dish, and concentrated in a vacuous desiccator. A mass of long 
needles separated ; these were drained from the mother liqtor, and 
dried on a porous tile in the desiccator. The substance was recrystal- 
lised from warm methyl alcohol, and obtained in long, silky needles. 
A number of analyses were made, which show that the substance is a 
compound of methylisoacetaldoxime with sodium iodide, of the compo- 
sition (CH,-CH-N-CH,),,Nal. 

Sodium. Nitrogen. 
7°69 9°05 
Found . 7°31 


(C,H,ON),,NaI requires [= 42-9 ; Na=7-77 ; N=9°46 per cent. 


It is deliquescent, readily soluble in water, and also soluble in methyl 

and ethyl alcohols. It is very unstable, and readily suffers hydro- 

lysis, with the formation of acetaldehyde and B-methylhydroxylamine, 

(Hy CH-N-CH, + H,0=CH,-CHO+NH(CH,)‘OH. On reduction, 
Ov 
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it yields acetaldehyde and methylamine, which was identified by mean 
of its platinichloride, CH,-CH—N-CH, + H, = CH,-CHO+ NH,’CH, 
No’ 


0:0977 gave 0:0405 Pt. Pt=41°5. 
(NH,°CH,),,H,PtCl, requires Pt = 41:4 per cent, 


Action of Ethyl Iodide on Acetaldoxime. Ethylacetaldoxime and 
Ethylisoacetaldoxime. 


When the calculated quantity of ethyl iodide is added to a solution 
of acetaldoxime and sodium methoxide dissolved in methy] alcohol, an 
energetic reaction takes place, the heat liberated being sufficient to 
cause the solution to boil ; when the first action is over, the mixtur 
is boiled gently for half-an-hour. The ethyl acetaldoxime was isolatel 
in the same manner as the corresponding methyl compound. It boils 
at 71—71°5°, possesses a sweet, somewhat aromatic odour, is only 
slightly soluble in water, but dissolves readily in alcohol and ether. 
A yield of about 20 per cent. was obtained. When heated with hydro- 
chloric acid, it furnishes acetaldehyde, and on evaporating to dryness, 
a residue of ammonium chloride is obtained, together with a small 
quantity of brown resin, the first formed a-ethylhydroxylamine being 
decomposed under these conditions, CH,*CH:N-OC,H,+H,0= 
CH,°CHO+ NH,:00,H,. 

The concentrated solution from which the ether had been distilled, when 
evaporated in a vacuum, did not furnish a crystalline sodium iodide 
compound of the isomeric ethylisooxime as in the cases previously 
described, but the sodium iodide crystallised out, leaving a thick, 
syrupy liquid. This liquid contained sodium iodide and the ethyl 
derivative. On warming with dilute hydrochloric acid, it yielded acet 
aldehyde and a substance with powerful reducing properties. Someof the 
liquid was treated with a little dilute hydrochloric acid and then digested 
with freshly precipitated silver chloride ; the solution was filtered aud 
evaporated in a vacuous desiccator. Sodium chloride crystallised out, 
leaving a thick, uncrystallisable liquid, which possessed the properties 
of f-ethylhydroxylamine hydrochloride, and yielded ethylamine o 
reduction ; the last-mentioned substance was obtained as the hydro 
chloride, converted into the platinichloride, and analysed : 


00731 gave 0:0285 Pt, Pt=39°0. 
(NH,°C,H,).,H,PtCl, requires Pt =39°0 per cent. 


Here again the derivative of the isooxime, a is 


un stable, though there can be no doubt of its formation, 
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Acion of Propyl Iodide on Acetaldoxime. Propylacetaldoxime and 
Propylisoacetaldoxime. 


When a solution of acetaldoxime and sodium methoxide in methyl 
alcohol is treated with propyl iodide, sufficient heat is evolved to 
produce ebullition ; the mixture is afterwards heated for half-an-hour 
op the water-bath. 

On distilling the product, methyl alcohol ‘passes over and carries 
with it the propyl ether of the oxime, which is separated by the 
addition of water, and after its removal a further quantity is obtained 
by extracting with ether and drying and distilling the ethereal 
solution. This ether is a colourless oil, of sweet ethereal odour, and 
boils at 101—102° ; it is almost insoluble in water, but readily dissolves 
in alcohol and in ether. The yield slightly exceeded 20 per cent. On 
heating the ether with hydrochloric acid, acetaldehyde and ammonium 
chloride were produced. 

As in the preceding case, the compound of the derivative of the 
isoxime with sodium iodide could only be obtained as a thick, 
werystallisable liquid. On hydrolysis, it yielded acetaldehyde and 
a Bhydroxylamine which powerfully reduced a solution of copper 
sulphate in the cold. When reduced with zinc dust and dilute 
hydrochloric acid, propylamine was produced and identified by means 
of its platinichloride. On ignition : 


0:0985 gave 00363 Pt. Pt=36-9 
(NH,°C,H,),,H,PtCl, requires Pt = 37:0 per cent. 


There can, therefore, be no doubt that the propylisooxime is repre- 
sented by the formula CH,-CH-N:C,H,, and the hydrolysis by the 
\ 


equation CH, CH-N- 0,H, + H,O = CH, CHO + NH(C,H,)-OH. 
‘0 / 


Action of Methyl Iodide on Acetophenoxime in the presence of Sodium 
Methoxide. Methylacetophenoxime and Methylisoacetophenoxime. 


When a solution of acetophenoxime in methyl alcohol is mixed 
With the calculated quantities of sodium methoxide and methyl iodide, 
80 much heat is developed that the solution boils spontaneously. It is 
afterwards heated for an hour on the water-bath. After the greater 
part of the methyl alcohol has been removed by distillation, on the 
addition of water, the methyl ether of acetophenoxime separates as an 
oil, and is extracted with ether; the ethereal solution is dried with 
calcium chloride, and the ether caref ully distilled off. The compound, 
(\H,(OH,)C:N-OCH,, boils at 214—216° with slight decomposition ; 
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it has a pleasant aromatic odour and is easily soluble in alcohol apj 
ether, but is insoluble in water. The yield was larger than in the 
cases previously described, probably amounting to as much as 40 per 
cent. 

If the aqueous solution from which the methyl ether has been er. 
tracted is distilled, some of the isomeric methylisooxime suffers 
hydrolysis, and acetophenone and f-methylhydroxylamine pass over 
with the steam ; the former was identified by conversion into its oxime, 
melting at 59°, and the latter by means of its deliquescent hydn- 
chloride melting at 80—85°. The methylisoacetophenowime crystallises 
with sodium iodide to form the compound, es oie OT *CH,,Nal, 


which is obtained in needles and possesses the usual properties of these 
substances. On analysis: 


0'2040 gave 0°00924 N. N=4'5. 
C,H,(CH,)C~—N-CH,,Nal requires N = 4:7 per cent. 
~~‘ uf 
O 


On reduction, the methylésooxime furnishes methylamine, The 
platinichloride was prepared and analysed. 


0°0508 gave 0°0210 Pt. Pt=41°3. 
(NH,. CH,),,H,PtCl, requires Pt = 41°4 per cent. 


Action of Ethyl Iodide on Acetophenoxime. Ethylacetophenoxime and 
Lthylisoacetophenoxime. 


Ethyl iodide reacts with acetophenoxime in the presence of sodiim 
methoxide in the same manner as methyl iodide, 

The ethyl ether, C,H,(CH,)C:N+OU,H,, distils at 130—135° under 
20 mm. pressure, and boils with some decomposition at 220—225 
under ordinary pressure. The yield is approximately 60 per cent. It 
closely resembles the corresponding methyl ether in its general pro 
perties. This ether has been previously described by Trapesonzjam 
(Ber., 1893, 26, 1427), who records its boiling point as 200—20? 
under 43 mm. pressure. 

Ethylisoacetophenoxime is obtained as the sodium iodide compound, 
age ee ee noes it is easily hydrolysed with production 

ys 


of acetophenone and f-ethylhydroxylamine. The latter was obtained 
as the uncrystallisable hydrochloride, and on reduction yielded ethy!- 
amine, which was identified by means of its platinichloride. 


00870 gave 0:°0340 Pt. Pt=39°l. 
Calculated for (NH,*C,H,),,H,PtCl,, Pt=39°0 per cent. | 
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The methyl and ethyl acetophenoximes and the methyl and ethyl 
isoncetophenoximes therefore resemble the corresponding derivatives of 
the aliphatic oximes which we have described above. 


Direct Reduction of Alkylated isoOximes. Formation oy Secondary 
Amines. 


On account of the ease with which the substituted isooximes suffer 
hydrolysis, it seemed probable that the substances obtained on reduction 
in presence of water may not be derived directly from the tsooximes 
themselves, but rather from their hydrolytic products ; thus, reduction 
with zinc and dilute acids, with hydriodic acid, or with zinc dust and 
water always results in the formation of the aldehyde or ketone and of 
a primary amine furnished by the previously formed f-hydroxylamine. 
It seemed possible, however, that if the alkylated isooxime itself could 
be reduced, the oxygen atom might be removed and the corresponding 
secondary amine formed by direct reduction. Methylisoacetaldoxime, 
for example, yields under ordinary conditions methyl-B-hydroaylamine 
(or methylamine) and acetaldehyde. ‘If, however, water were excluded, 
the alkyl isooxime might be converted by reduction into the corre- 
sponding secondary amine, 

mash sa, + 2H, =CH,:CH,-NH:CH,+H,0. 


After a great many experiments, the proper condition for the direct 
reduction of the alkylated isooximes has been found, and by this means 
a satisfactory confirmation of their constitution has been obtained, and 
anew method furnished for the preparation of secondary amines, some 
of which have been hitherto found difficult to prepare in a pure state, 


Direct Reduction of Methylisoacetaldosxime. 


Two grams of the sodium iodide compound of methylisoacetald- 
oxime were dissolved in 20 c.c. of dry ethyl alcohol and sodium 
amalgam (21 per cent.) was added gradually ; the solution was kept acid 
by the addition of small quantities of glacial acetic acid from time to 
time, in accordance with the directions given by Goldschmidt (Ber., 1886, 
19, 3232). The mixture became warm and the reduction proceeded 
Without the aid of external heat. The bases produced were liberated 
with sodium hydroxide and distilled into hydrochloric acid ; on evapora- 
tion, a residue was obtained which was completely soluble in alcohol. 
The greater part dissolved in chloroform, leaving a small quantity of 
methylamine hydrochloride. The solution in chloroform yielded, on 
evaporation, a hygroscopic, crystalline hydrochloride, the platini- 
chloride of which crystallised in long, well-defined, hexagonal prisms 
melting with decomposition at 202—204°. On analysis : 
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0°1447 gave 0°0534 Pt. Pt=36°9. 
(CH,*NH-C,H,),,H,PtCl, requires Pt = 37-0 per cent. 


The aurichloride was also prepared ; it crystallised from water in 
long, slender needles melting at 179—180°. 


0:1609 gave 0°0794 Au. Au=49°3. 
CH,°NH-C,H,,HAuCI, requires Au = 49-4 per cent. 


The characters of these salts agree closely with those of the salts 
of methylethylamine described by Skraup and Wiegmann (Monatsh,, 
1889, 10, 110). ‘The methylisoacetaldoxime has therefore heen 
reduced in accordance with the following equation. 


CH,-CH—N-CH, + 2H, = CH,CH,*NH-CH, + H,0. 
\c% 
O 


Direct Reduction of Methylisoacetoxime. 


The reduction of methylisoacetoxime was effected in the same 
manner. The base was distilled into hydrochloric acid, and on 
evaporation, a hygroscopic residue was obtained which was completely 
soluble in chloroform, and therefore contained no methylamine hydro- 
chloride. This salt has proved to be the hydrochloride of the hitherto 
undescribed methylisopropylamine. When the chloroform solution was 
evaporated to dryness, a syrupy liquid was obtained, which on cooling 
in the desiccator crystallised in long, radiating needles of a hydrochloride 
melting at the temperature of the water-oven ; this salt is very easily 
soluble in water or alcohol, but is insoluble in ether. The platini- 
chloride crystallises from water in long, prismatic needles ; it is readily 
soluble in water, fairly soluble in methyl alcohol, but is insoluble 


in ethyl alcohol or ether. When heated, it melts gradually a 
184—189°. 


0°1644 gave 0:0580 Pt. Pt=35°3. 
01026 ,, 0°0359 Pt. Pt=35°0. 
(CH,°NH-C,H,),,H,PtCl, requires Pt = 35°05 per cent. 


The awrichloride crystallises in cubes and melts at 96—97°; it 
dissolves readily in alcohol or hot water, and less readily in cold 
water. The gold was determined in two specimens, of which the first 
had been allowed to dry by exposure to the air and the second had 
been heated for an hour at 100°. 


01242 gave Au 0°0590. Au=47°5. 
01049 , Au0-0502. Au=47°8, 
CH,"NH°C,H,,HAuCl, requires Au=47°7 per cent. 
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The picrate of methylisopropylamine crystallises from hot water in 
long, pale yellow needles and melts at 133—134°. ; 
The reduction is therefore represented by the equation : 


(CH,),C—-N-CH, + 2H, = (CH,),CH-NH-CH, + H,0. 
No’ 

Reduction of methylisoacetaldoxime and of methyltsoacetoxime has 
also been attempted by means of zinc dust and glacial acetic acid in 
alcoholic solution under conditions similar to those observed in the 
reduction with sodium amalgam, but with less satisfactory results. 
Methylisoacetaldoxime furnished approximately equal quantities of 
the hydrochlorides of methylamine and methylethylamine, the latter 
being identified by means of its aurichloride, which after recrystallisa- 
tion melted at 177—178°. Methylisoacetoxime, however, yielded 
methylamine only and no methylisopropylamine. ‘ 

The reduction of alkylated isooximes with sodium amalgam may be 
useful as a general method of obtaining secondary amines. 
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IXV1.—The Supposed Existence of Two Isomeric 
Triethyloxamines. 


By WynpHam R, Dunstan and Ernest Gou.pine. 


In a previous paper on the “ Action of Alkyl Haloids on Hydroxyl- 
amine” (Trans., 1899, '75, 792), we showed that by the action of 
ethyl iodide on an ethereal solution of diethylhydroxylamine a salt of 
triethyloxamine, (C,H;),NO, is produced. We obtained this base in 
acrystalline state and gave an account of its properties and those of 
its principal salts, and showed by the study of its reactions that it 
was to be regarded as a true oxamine, (C,H;),N:O, and not as the 
isomeric triethylhydroxylamine, (C,H;),N-OC,H;. Later (Trans., 
1899, '75, 1006), we obtained the same compound by the direct oxida- 
tion of triethylamine with hydrogen peroxide. 

We also proved that this triethyloxamine is not identical with the 
compound which Bewad (J. Russ. Phys. Chem. Soc., 1888, 20, 125) 
had obtained by acting on nitroethane with zinc ethyl. Bewad 
regarded this substance as the isomeride of a true triethylhydroxyl- 
amine and assigned to it the formula (C,H,),NO, on account of its 
having apparently furnished triethylamine on reduction. As the 


Properties of this compdund differed so markedly from ours, it seemed 
L XXIx, vz 
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possible that Bewad had obtained the isomeric triethylhydroxyl- 
amine which we had been unsuccessful in producing by avy method 
we had tried, The properties of the substance described by Bowad 
were, however, not such as would be expected from a substituted 
hydroxylamine of the formula (C,H;),N*OC,H,. As the question 
was one of some theoretical importance, we prepared a quantity of 
Bewad’s material. In the meantime, however, Lachman (Ber., 1900, 
33, 1022) published an account of an investigation of this question, 
He prepared #-diethylhydroxylamine by the action of zinc ethyl on 
diphenylnitrosamine. The properties of the substance obtained by 
this method agree with those of the compound prepared by us by 
acting on hydroxylamine with ethyl iodide. Having been struck by 
the remarkable isomerism which apparently existed between the 
triethyloxamine prepared by us and that obtained by Bewad, Lachman 
proceeged to compare their properties. 

In general, Lachman’s account of the properties of triethyloxamine 
correspond with ours. He has, however, been unsuccessful in crys. 
tallising the base and is inclined to regard the crystallisation we 
observed as due to an impurity. This, however, is a mistake, for we 
have satisfied ourselves of the purity of the crystalline substance 
described in our previous paper. If the concentrated aqueous solu- 
tion of the pure base is left in a vacuous desiccator with phosphoric 
oxide, it gradually becomes crystalline. These crystals are extremely 
hygroscopic. 

After an examination of the properties of Bewad’s compound, 
Lachman confirms our conclusion that the two substances are not 
identical and leaves to us the further determination of the question, 
but we now need only refer to it briefly, since Bewad (J. Russ. Phys. 
Chem. Soc., 1900, 32, 455) has shown that his supposed triethyl- 
hydroxylamine is really B-ethyl-sec-butylhydroxylamine, 

C,H,(CH,)CH-N(C,H,)-OH, 
which satisfactorily accounts for its properties. Bewad concludes 
that the action of zinc alkyls on primary or secondary nitroparafiins 
always results in the formation of -disubstituted hydroxylamines. 

Although Bewad himself does not discuss the supposed isomerism, 
any further investigation of the matter by us is unnecessary, for the | 
conclusion reached by Bewad is entirely in accordance with our own, 
but we may point out that the additive compound, which Lachman 
describes as resulting from the action of methyl iodide on Bewad’s 
compound, cannot possess the constitution or undergo the reactions 
which he attributes to it. Instead of being represented by the 
formula (C,H,),N(OCH,)I, it is probably a hydriodide of methylethy!- 


sec-butyloxamine, 


CH,(C,H,)(C,H,)N:0,HI. 
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This being the case, it is clear that it could not undergo the decom- 
positions described by Lachman into formaldehyde and triethylamine 
and other products. 

Bewad has also shown (loc. cit.) that B-diethylhydroxylamine results 
from the action of zinc ethyl on isopropyl or isoamyl nitrite, and that 
Bdipropylhydroxylamine may be obtained by the action of zinc propyl 
on propyl nitrite. These compounds are identical with those we have 
prepared by the action of ethyl and propyl iodides on hydroxylamine. 

We take this opportunity of replying to the complaint made by 
Mamlock and Wolffenstein. (Ber., 1900, 33, 159) that we have worked 
on the action of hydrogen peroxide on aliphatic amines, although 
Wolffenstein had previously stated that he was engaged in the study 
of the action of hydrogen peroxide on organic bases. Wolffenstein 
previously had taken similar exception to the work of Bamberger and 
Tschirner (Ber., 1899, 32, 342). In the paper referred to above, these 
authors proceed to describe the propertiesof 8-dipropylhydroxylamine and 
tripropyloxamine without any allusion to the fact that these compounds 
have already been prepared by us. As a matter of fact, we com- 
menced the investigation of the action of alkyl haloids on hydroxyl- 
amine so long ago as 1894 (Proc., 1894, 10, 138), and in 1899 (Trans., 
1899, '75, 792 ; Proc., 1899, 15, 58) showed that the reaction previously 
described was a general one by means of which, not only trimethyl, 
but other alkylated oxamines and hydroxylamines could be prepared. 
In this paper, we stated that we were attempting to produce these new 
compounds by the action of hydrogen peroxide on the amines in order 
to settle their constitution. When Wolffenstein, whose previous 
investigations had been restricted to the oxidation of pyridine and 
quinoline derivatives—in which field Merling (Ber., 1892, 25, 3123) 
had also worked—announced that he intended to extend his work to 
the aliphatic amines, our experiments were nearly completed. 

In any case, our study of the action of hydrogen peroxide on 
certain aliphatic amines was undertaken merely to confirm the con- 
stitution of the oxides of the amines (oxamines) which we had already 
prepared by an entirely distinct reaction. 
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LXVII.—Stud. in the Camphane Series. Part I] 
Nitrocamphen., Aminocamphene, and Hydroxy. 
camphene. 

By Martin Onstow Forster. 


Amone the changes which 1:1-bromonitrocamphane is capable of 
undergoing, not the least interesting is that which involves the re 
moval of hydrogen bromide. By this means there is produced an 
unsaturated nitro-compound, which, in accordance with the suggestion 
made in a previous paper (Trans. 1900, '7'7, 251), will be called 
1-nitrocamphene. 


CH 
rit CHy<C.no, 


1: 1-Bromonitrocamphane. 1-Nitrocamphene. 


The noteworthy point in a study of this compound is the fact that 
its production lays open a way to hydroxycamphene, the enolic 
modification of camphor, and the present communication gives an 
account of the steps by which hydroxycamphene has been obtained. 

Owing to the susceptibility of camphene to the action of oxidising 


agents, nitro-derivatives of this hydrocarbon have been hitherto u- 
known, the nearest approach to compounds of that type being camphene 
nitronitrosite, C,H <ih0) Oy, and camphene nitrosite 
? “st *CH’NO, eth " 
O,Hy< H-NO,’ 
obtained by Jagelki from camphene and nitrous acid (Zer., 1899, 32, 
1498). These, however, being saturated, are not genuine camphene 
derivatives, but belong rather to the camphane series. The first 
representative of the nitrocamphenes has been prepared by heating an 
alcoholic solution of 1:1-bromonitrocamphane with silver nitrate. 
Although melting at 56°, the substance displays extraordinary readi- 
ness to crystallise; it is an unsaturated compound, yielding additive 
derivatives with bromine, hydrogen iodide, and hydrogen bromide. 
As might be anticipated, the last-named gives rise to a bromonitro 
camphane which is distinct from 1 : 1-bromonitrocamphane, and as it 
yields neither camphoroxime nor bornylamine on reduction, must have 
r 

the constitution of a 2-bromo-1-nitrocamphane, Obese 

When 1-nitrocamphene is heated with zinc dust and glacial acetic 
acid, the nitro-group alone is reduced, and the unsaturated link re 
maining unaltered, 1-wminocamphene is obtained. This base is not the 
first of the aminocamphenes. Duden and Macintyre (Annalen, 1900, 
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313, 59) have recently prepared 2-aminocamphene, or camphenamine ; 
through the agency of phosphorus pentachloride ‘bey replaced the 
hydroxyl in aminoborneol by chlorine, and ob. .déd camphenamine 
from the product by the action of caustic soda* 


CH-NH, CH-NH, C-NH, 


CHy<bn-on CH <br CsHy,<¢ H 


Aminoborneol. Chlorocamphanamine. Camphenamine. 
(1-Hydroxy-2-amino- (1-Chloro-2-amino- (2-Aminocamphene, ) 

camphane. ) camphane.) 
l-Aminocamphene is quite distinct from camphenamine. It is a 
translucent solid which melts at 46° and boils at 191—192° under 
atmospheric pressure; unlike the isomeride, it is strongly dextro- 
rotatory. When it is heated with acetic anhydride, camphor is pro- 
duced, a result which must be due to a capacity, also exhibited by 
camphene itself, for assimilating the elements of acetic acid: 


OH<.NH, + et ee =. 0,H,<J ot NHjAe. 


The chief interest attaching to l-aminocamphene is due to its con- 
version into 1-hydroxycamphene under the influence of nitrous acid. 
When the sulphate of the base, dissolved in water, is heated with 
potassium nitrite, nitrogen is liberated, and the hydroxy-compound is 
produced. The substance crystallises in long needles, has a faint, 
camphor-like odour, and melts at 74°; although indifferent towards 
alkalis, warm dilute mineral acids convert it immediately into ordinary 
camphor yielding an oxime of normal rotatory power. 

The complete cycle of changes by which camphor has been converted 
into the tautomeric hydroxy-compound and then regenerated from the 
latter is represented by the following formule : 


CH, 
CH <ho 
— Camphor. 
CH 


CH 
OH O-N-0n CHU. 


Camphoroxime, 1-Hydroxycamphene. 


| I 
CH CH CH 
CH <p. NO, = C.HA< ‘NO, at CHi<O.NH, 
1: 1-Bromonitrocamphane. 1-Nitrocamphene. 1-Aminocamphene, 


Hydroxycamphene is an unexpectedly stable substance, and shows 
ad tendency to change into camphor excepting under the influence of 
acids. It may be distilled under atmospheric pressure without suffer- 
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ing alteration, and, unlike the enolic modifications of diketones or of 
ketonic esters, is quite indifferent towards ferric chloride. 

In view of these peculiarities, the substance and its derivatives are 
being subjected to further investigation. 


EXPERIMENTAL. 


CH 
1-Nitrocamphene, C.H,.<Y ‘NO. 
2 


One hundred grams of 1 : 1-bromonitrocamphane were dissolved in 
1000 c.c. of absolute alcohol and heated in a reflux apparatus with 
110 grams of powdered silver nitrate, which was added in quantities of 
10 grams at intervals of about 2 hours. Twice before the operation 
was complete the liquid was filtered from silver bromide, and when’ the 
clear solution no longer became turbid on being heated alone, alcohol 
was boiled off by means of a water-bath. The viscous oil remaining 
in the flask was then distilled in a current of steam, yielding a colour- 
less, crystalline substance which was readily fusible, and very volatile 
in steam. ‘The product was filtered, drained on porous earthenware, 
and treated with a very small quantity of cold alcohol, in which the 
crude material was freely soluble; the alcohol removed an oily bye- 
product, and when the solid had been filtered from this, it became safe 
to dissolve it in a small quantity of hot alcohol, from which it crystal- 
lised readily on cooling. The yield of nitrocamphene is disappointing, 
and is liable to wide fluctuations if the foregoing process is not followed 
closely, but under favourable circumstances 35 grams of the recrystal- 
lised nitro-derivative may be obtained from 100 grams of bromonitro- 
camphane, scarcely more than 50 per cent. of the theoretical amount, 

It will be noticed that the quantity of silver nitrate employed in 
the preparation of nitrocamphene considerably exceeds the amount 
required by the equation 


C,,H,,Br-NO, + AgNO, = O,,H,,"NO, + AgBr + HNO,; 


it approaches, indeed, two molecular proportions, but experiment has 
shown that a result of using smaller quantities is the contamination 
of the product with unchanged bromonitrocamphane. Doubtless the 
excess of silver nitrate in part explains the diminution in yield, as it 
probably exerts an oxidising action. The same effect is of course pro 
duced by the nitric acid set free; the latter is largely appropriated by 
the alcohol, which becomes converted, into ethyl nitrite, but as 100 
grams of bromonitrocamphane liberate 24 grams of nitric acid, a com 
siderable portion of the product must suffer oxidation. An attempt 
has been made to overcome this difficulty by the employment of silver 
oxide or silver acetate, but neither of these substances lends itself to 
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the removal of hydrogen bromide from bromonitrocamphane ; both, it 
is true, are converted into silver bromide, but the change is so slow, 
and so far from complete, as to offer no hope of economising silver by 
this modification of the process. Another reason for the large excess 
of silver nitrate required in practice is revealed by the fact that a 
certain amount leaves the solution without precipitating the bromide, 
but merely combined with that salt. In the earlier experiments, it was 
customary to add the silver nitrate in quantities of 20—30 grams, 
until it was noticed that the precipitate differed from silver bromide 
in appearance ; on examination, it proved to consist of the molecular 
couspound of silver bromide with silver nitrate. 

Nitrocamphene dissolves readily in hot alcohol, crystallising in 
long, hard, striated prisms resembling a-bromocamphor ; it melts at 
56°, and boils under atmospheric pressure without undergoing altera- 
tin, but although so readily fusible, its tendency to crystallise is 
unusually pronounced. On analysis : 


01517 gave 03702 CO, and 0°1130 H,O. C=66°55; H=8°28. 
C,)H,,0O,.N requires C = 66°29 ; H =8:28 per cent. 


It is quite colourless, and has a faint odour which becomes very 
intense when the vapour is carried off with steam, then resembling 
that of 1 : 1-bromonitrocamphane ; the substance is insoluble in water, 
but dissolves very readily in cold benzene, petroleum, chloroform, or 
ethyl acetate. It gives Liebermann’s reaction for nitroso-derivatives. 

A solution containing 0°5062 gram of nitrocamphene in 25 c.c. of 
absolute alcohol at 21° gave ap +4°32’ in a 2-dem, tube, whence the 
specific rotatory power [a], +112°0°; 1 gram dissolved in 25 c.c. of 
benzene at 21° gave ay +11°0’ in the same tube, corresponding to 
{aly +137°5°, 

Nitrocamphene undergoes no change when treated with boiling 
acetic anhydride in a reflux apparatus during several hours. 


CHB 
2-Bromo-1-nitrocamphane, Opti Kao sa : 
2 


. Twenty c.c. of fuming hydrobromie acid (sp. gr. 1°83) were placed 
ina large, wide-mouthed weighing bottle, and 5 grams of finely 
powdered nitrocamphene were quickly added to the liquid, which was 
stirred thoroughly during the operation. No rise of temperature 
took place, but the suspended solid soon hardened and became com- 
pact. After a couple of hours, during which the substance was 
thoroughly incorporated with the acid, a considerable quantity of 
water was added, and the filtered product was washed several times. 
2-Bromo-1-nitrocamphane crystallises from alcohol in fern-like 
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aggregates of white needles, and melts at 178° to a colourless liquid 
which evolves gas. On analysis : 


01875 gave 0'1368 AgBr. Br=31-05. 
C,,H,,O,NBr requires Br = 30°53 per cent. 


In appearance the substance closely resembles 1 : 1-bromonitro. 
camphane, forming a tough, camphor-like mass when compressed; its 
odour, however, is scarcely perceptible, and it does not distil at all 
readily in steam, It gives Liebermann’s reaction, and the alcoholic 
solution immediately yields a precipitate of silver bromide when 
warmed with silver nitrate. . 

A solution containing 0°5089 gram dissolved in 25 c.c. of benzene 
at 21° gave ap +9’ in a 2-dem. tube, whence the specific rotatory 
power [a], +3°7°. ~ 

The behaviour of 2-bromo-1-nitrocamphane towards concentrated 
sulphuric acid at once differentiates it from the isomeride ; whilst the 
latter loses the elements of water, and gives rise to the anhydride, 
C,,H,,ONBr (Trans., 1899, '75, 1141), the new derivative merely 


dissolves in the acid, from which it is precipitated on dilution with 
water. 


HBr 
Br'NO,_ 

When a solution of bromine in chloroform is added to nitrocam- 
phene in the same solvent, the colour of the halogen persists, but if 
left in contact with the nitro-derivative during several hours, the 
bromine is gradually absorbed. 

Five grams of nitrocamphene were dissolved in dry chloroform and 
cooled by immersion in melting ice ; 4°5 grams of bromine dissolved 
in 20 c.c. of the solvent were then added, and the mixture allowed to 
remain in a stoppered bottle during 24 hours. The erystalline residue 
obtained on evaporating the chloroform was drained on porous 
earthenware and recrystallised twice from alcohol, which deposited 
long, flat, transparent needles melting at 195° to a colourless liquid 
evolving gas. On analysis: 


0°1388 gave 0°1523 AgBr. Br=46-69. 
C,,H,,0,NBr, requires Br = 46°91 per cent. 


1 : 2-Dibromo-1-nitrocamphane, C,H, 


Dibromonitrocamphane dissolves very readily in cold chloroform, 
benzene, or ethyl acetate, but is only sparingly soluble = - 
petroleum or cold alcohol ; it gives Liebermann’s reaction, but mue 
less readily than the mono-halogen derivatives of nitrocamphane, 


requiring to be heated with the acid during a longer period than 
usual, 


itro- 
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holic 
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Asolution containing 0°4942 gram dissolved in 25 c.c. of benzene 
at 19° gave ap +10’ in a 2-dem. tube, whence the specific rotatory 
power [a]p + 4°2°, 


CHI 
CH-NO, 

When left in contact with fuming hydriodic acid (sp. gr. 1°94) 
during 2 hours, nitrocamphene becomes completely converted into 
Y.iodo-l-nitrocamphane, This compound, after being washed thoroughly 
with water and twice crystallised from the minimum quantity of 
hot alcohol, forms lustrous, thin plates, which begin to darken at 100°, 
and melt to a deep brown liquid at 118°. On analysis: 


02019 gave 0°1507 AgI. L=40°33. 
C,)H,,O,NI requires I= 41-10 per cent. 


2-Iodo-1-nitrocamphane, 0,Hy,.< 


The compound is quite distinct from 1: 1-iodonitrocamphane in 
appearance, but is quite as unstable ; solutions of the substance in 
organic media spontaneously undergo change, a solution in benzene, 
for instance, becoming violet after an interval of a few hours. It is 
readily soluble in benzene and in ethyl acetate, being more sparingly 
soluble in alcohol ; it is important to recrystallise the substance as 
quickly as possible in order to avoid loss. It gives Liebermann’s 
reaction for nitroso-derivatives. 

A solution containing 0°3557 gram dissolved in 25 c.c. of absolute 
alcohol at 20° gave ap —1°0’ in a 2-dem. tube, whence the specific 
rotatory power [a]p —35°1°; 0°3676 gram dissolved in 25 c.c. of 
benzene at 18° gave a, —52’ in the same tube, corresponding to 
[a], —29-4°. 

CH 
C-NH, 

Twenty-five grams of recrystallised nitrocamphene were dissolved 
in 250 c.c. of glacial acetic acid to which 50 grams of zinc dust were 
then added. After remaining surrounded with cold water during 1 
hour, the liquid was heated in boiling water during 2 hours, filtered 
from zinc, diluted with water, evaporated on the water-bath, and 
fnally submitted to a current of steam, which carried over a small 
quantity of unaltered nitrocamphene. A concentrated solution of 75 
grams of caustic soda in water was then added to the liquid, and the 
til which rose to the surface was distilled in a current of steam. The 
base being somewhat soluble in cold water, concentrated potash was 
added to the aqueous distillate, which was then extracted with ether 
the solution was dried with solid potash, and evaporated, the residue 
being distilled under the ordinary pressure. 


1-Aminocamphene, CsH, << 
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1-Aminocamphene is a translucent solid closely resembling cam- 
phene in appearance. It melts at 46°, and boils at 191—192° under 
758 mm. pressure ; the odour resembles that of bornylamine, but is 
more distinctly ammoniacal. On analysis : 


0°1773 gave 0:5179 CO, and 0°1767 H,O. C=79°55; H=11-07. 
C,,H,,N requires C=79°47 ; H =11°25 per cent. 


A solution containing 0°4453 gram dissolved in 25 c.c. of absolute 
alcohol at 22°, gave ay +2° 7°5’ in a 2-dem. tube, whence the specific 
rotatory power [a], +59°7°; 0:4803 gram dissolved in 25 c., of 
benzene at 22° gave a) +1°40’ in the same tube, corresponding to 
[aly +43°4°. 

The base is strongly alkaline towards litmus, and does not reduce an 
ammoniacal solution of silver nitrate ; it instantaneously decolorises a 
solution of bromine in chloroform, and rapidly reduces a neutral solu- 
tion of potassium permanganate. 

The sulphate dissolves readily in water, from which it crystallises in 
lustrous leaflets which melt and evolve gas at 256°. 

The platinichloride dissolves very readily in alcohol, and crystallises 
slowly in large, transparent, six-sided plates,-pale red in colour ; it melts 
and decomposes at 243°. 

0°3300 gave 0°0879 Pt. Pt=26-64. 

(C,,H,,N).,H,PtCl, requires Pt = 27°32 per cent. 
(C,,H,,N),,H,PtCl,+H,O , Pt=26°65 9 

The benzoyl derivative, easily prepared by the Schotten-Baumann 
method, is readily soluble in benzene, chloroform, or alcohol, but only 
sparingly so in petroleum ; it crystallises from the last named solvent 
in white, silky needles melting at 157°. 


0°1721 gave 0°5032 CO, and 01266 H,O. C=79:'73; H=8'17. 
O,,H,,ON requires C= 80°00 ; H=8'23 per cent. 

The substance behaves as an unsaturated compound towards bromine, 
which it decolorises immediately. A solution containing 0°3701 gram 
dissolved in 25 c.c. of absolute alcohol at 18°, gave ap +55’ ina 2-dem. 
tube, whence the specific rotatory power [a]p +30°9°. 

The benzylidene derivative is produced immediately on mixing the 
fused base with benzaldehyde, when water separates, and the viscous 
liquid rapidly solidifies. It is purified by melting it with a small 
quantity of alcohol, draining on porous earthenware the crystals ob 
tained on cooling the liquid, and reerystallising the product from hot 
alcohol, which deposits it in transparent, six-sided plates melting 
at 63°. 


01630 gave 0°5137 CO, and 0°1297 H,O. C= 85-95 ; H=8 84. 
C,,H,,N requires C =85°35 ; H = 8°79 per cent. 
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The picrate crystallises rapidly on mixing alcoholic solutions of 
pieric acid and the base. It is sparingly soluble in cold alcohol, but 
dissolves readily in the hot liquid, from which it separates in lustrous, 
enary-yellow needles. The salt melts to a brown liquid at 231°, and 
immediately evolves gas. 


0:1032 gave 13:1 c.c. nitrogen at 15°5° and 753 mm. N=14°73. 
C,H. .0,N, requires N = 14°73 per cent. 


The phenylcarbamide is at once produced on mixing ethereal solutions 
of the base and phenylcarbimide in molecular proportion. It crystal- 
lises from boiling alcohol in lustrous, white needles and melts at 213°, 


01546 gave 0°4285 CO, and 0:1158 H,O, C=75:57; H=8-32, 
C,,H,,ON, requires C= 75°55 ; H=8:15 per cent. 


Action of Acetic Anhydride on 1-Aminocamphene.—W ith the object of 
preparing an acetyl derivative, the base was heated with glacial acetic 
acid and acetic anhydride in a reflux apparatus during 8 hours, the 
liquid being then poured into water. After several days the precipi- 
tated oil solidified, and was found to dissolve freely in light petroleum, 
from which it crystallised in lustrous plates melting at 79°. When 
the acetic acid filtrate from this substance was exactly neutralised with 
potash and distilled in a current of steam, a considerable proportion of 
camphor was obtained ; this yielded an oxime of which the melting 
point and specific rotatory power were identical with those of ordinary 
camphoroxime ; the aqueous liquid from which the camphor was dis- 
tilled yielded ammonia when treated with alkali. 


CH 
1-Hydroxycamphene, OH. OH’ 


In preparing hydroxycamphene from aminocamphene, advantage was 
taken of the experience gained by Duden and Macintyre in their 
attempt to obtain a new camphor from camphenamine (loc. cit.). 

Twenty-five grams of aminocamphene sulphate were dissolved in 
250 c.c, of ice-cold water, and treated with 5-3 grams of potassium 
nitrite dissolved in the minimum quantity of water. After remain- 
ing at the ordinary temperature during 12 hours, no change had taken 
place, and the liquid was therefore heated on the water-bath during 4 
hours in a reflux apparatus; throughout this period, nitrogen was 
slowly evolved, and an oil separated. This was distilled in a current 
of steam, and the product, which rapidly crystallised in the condenser, 
was drained on porous earthenware and dried in the desiccator. Only 
6 grams of hydroxycamphene were obtained, but the unaltered base 


= pw recovered from the residue in the distilling flask by adding 
ali. 


‘ 
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Hydroxycamphene has a faint odour recalling that of borneol or 
camphor, and becoming intensified to a pleasant, refreshing perfume 
when the substance is heated with water. It melts at 74°, and boils 
at 212° under 750 mm. pressure. It is much too freely soluble in 
organic media to crystallise easily from these, but when the fused 
substance is allowed to cool slowly, it solidifies in long, tough, striated 
needles. Owing to its volatility, some difficulty was experienced in 
analysing the substance. 


0°1425 gave 0°4131 CO, and 0°1305 H,O. C=79-06; H=1017. 
01641 ,, 04779CO, ,, 0°1539 H,O. C=79-42 ; H=10-42, 
C,,H,,O requires C= 78-95 ; H = 10°52 per cent. 


A solution containing 1:0059 grams, dissolved in 25 c.c. of absolute 
alcohol at 19°, gave a, +2°45’ in a 2-dem. tube, whence the specific 
rotatory power [a], +34:1°; 0°53 gram dissolved in 25 c.c. of benzene 
at 20° gave ap + 1°15’ in the same tube, corresponding to [a], +29°, 

Hydroxycamphene is indifferent towards hydroxylamine and semi- 
earbazide. It reduces cold potassium permanganate freely, although 
at first the action is slow, owing to the sparing solubility of hydroxy- 
camphene in water; a solution in chloroform instantly decolorises 
bromine in the same solvent, but the first few drops only are absorbed, 
probably because the small quantity of hydrogen bromide produced is 
sufficient to convert the remaining hydroxycamphene into camphor 
Contrary to expectation, hydroxycamphene does not develop a red 
coloration with ethereal or alcoholic solutions of ferric chloride, and is 
equally indifferent towards copper acetate ; it is quite stable in pre- 
sence of alkalis, but warm, dilute mineral acids transform it immedi- 
ately into ordinary camphor. 

- eAction of Sulphuric Acid on Hydroxycamphene.—One gram of hydroxy- 
camphene was dissolved in 10 e.c. of ice-cold sulphuric acid, the solution 
being poured immediately on crushed ice. The precipitate was collected 
washed, and heated in alcohol with hydroxylamine hydrochloride and 
caustic soda ; on evaporating the aleohol, diluting with water, neutralising 
with dilute sulphuric acid, and recrystallising from petroleum, aspecimen 
of camphoroxime was obtained melting at 119°, and giving [a]>—402 
in absolute alcohol. 
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[XVIII —Studies in the Camphane Series. Part III. 
Action of Hydroxylamine on the Anhydrides of 


Bromonitrocamphane. 
By Martin Onstow Forster. 


From time to time I have made attempts to elucidate the nature of 
the change which takes place when 1:1-bromonitrocamphane is 
dissolved in concentrated sulphuric acid. Empirically, the elements 
of water are withdrawn, but owing to the unusual source of the oxygen, 
namely, a nitro-group, it is difficult to ascribe a constitutional formula 
to the product. The latter, moreover, is readily converted into an 
isomeric compound, yielding a benzoyl derivative, which distinguishes 
it from the original anhydride (Trans., 1899, '75, 1141). The relation 
subsisting between these two substances must be anexceedingly close one 
not only because they both yield infracampholenonitrile when heated 
with alkalis, but also because such mild agents as alcoholic ammonia, 
phenylhydrazine, and hydroxylamine are capable of converting the 
original anhydride, which has no definite melting point but chars at 
about 220°, into the unusually well-defined isomeride which melts to a 
colourless liquid at 240°. 

One of the most perplexing features of the inquiry has been the 
fact that, although it is impossible to suggest a plausible formula which 
does not contain an unsaturated link, both substances behave towards 
bromine and potassium permanganate like saturated compounds. In 
HBr 
H-NO,’ 
merely dissolves in concentrated sulphuric acid without yielding an 
anhydride, it seems probable that the first step in the change consists 
in the removal of an atom of oxygen in association with both hydrogen 
atoms occupying the 2-position. 


view of the fact that 2-bromo-l-nitrocamphane, OH, <I, 


H C= 
CH Sano, > OBC hp, 7 NO. 


It is by no means certain, however, that this takes place, because 


|-nitrocamphane, OH, <tr 0.’ is quite indifferent to concentrated 
2 


sulphuric acid. Having regard to Wallach’s description of the trans- 
formation undergone by certain oximes when treated with sulphuric 
acid (Annalen, 1899, 309, 1 ; 1900, 312, 171), it seemed possible that 


the formula CH, <Op>N might apply to one or other of the 
anhydrides C,,H,,ONBr. I therefore ‘subjected them to the action of 
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hydroxylamine, and found that both combine with that substance; the pro- 
duct, which is the same in each’case, is not the oxime C,H, ,ON,Br, buta 
hydroxylamino-derivative, C,,H,,O.N,Br. Unfortunately, the investi. 
gation of this substance has not thrown much light on the original 
question, and I can only record a description of its properties, 

The compound C,,H,,O,N,Br appears to be a true hydroxylamino- 
derivative, because it is sufficiently basic to form salts, and reduces ferric 
chloride and ammoniacal silver nitrate. Nitrous acid regenerates 
the anhydride melting at 240°, in accordance with the equation 


©,,H,,0,N,Br + HNO, = C,)H,,ONBr + N,O + 2H,0. 


Oxidation with potassium permanganate in dilute sulphuric acid converts 
it into a substance, C,,H,,0,NBr, which is insoluble in dilute acids and 
alkalis, and which slowly yields infracampholenonitrile when heated 
with caustic soda. 

The most interesting property of the hydroxylamino-derivative js 
its behaviour towards caustic soda. Whilst the anhydrides yield in. 
fracampholenonitrile, C,H,,N, when heated with that agent, the com- 
pound C,,H,,O,N,Br merely loses the elements of hydrogen bromide 
and yields another hydroxylamino-derivative, C,,H,,0,N,. This 
substance dissolves readily in acids and alkalis ; it is also very sensitive 
towards oxidising agents, but the product of the action of potassium 
permanganate has not been isolated, owing to the readiness with which 
alkalis transform it into infracampholenonitrile, 


EXPERIMENTAL. 


Hydroxylamino-derivative of Bromonitrocamphane Anhydride, 
C,)H,,0,N,Br. 

Fifty grams of the anhydride of bromonitrocamphane were dissolved 
in 400 c.c. of hot absolute alcohol, the solution being rapidly cooled 
and treated with 40 grams of anhydrous sodium carbonate ; 50 grams 
of hydroxylamine hydrochloride dissolved in the minimum quantity of | 
hot water were then added, and the mixture, after being allowed to 
remain at the ordinary temperature until evolution of carbon dioxide 
had apparently ceased, was heated during 5 hours in a reflux apparatus. 
Sixteen grams of sodium carbonate followed by 20 grams of hydroxyl 
amine hydrochloride were afterwards added, and the liquid heated in 
a reflux apparatus during a further period of 5 hours, this treatment 
being considered necessary because preliminary experiments had shown 
that a portion of the anhydride is liable to escape conversion into the 
hydroxylamino-derivative. Aleohol was then distilled off on the 
water-bath, and the residue poured into its own volume of cold water, 
the white, crystalline product being collected, washed, and recrystallised 
twice from hot alcohol. 
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The compound obtained in this way separates from alcohol in 
lustrous, transparent, rectangular plates, and melts at 197° to a pale 
yellow liquid which becomes deep brown in a few minutes, even if the 
temperature is not raised above 200°. It is practically insoluble in 
petroleum, and sparingly soluble in ether, but dissolves readily in ethyl — 
seotate, from which it crystallises in tufts of silky needles; it also 
dissolves in boiling water, and separates in crystals on cooling. 


0:1816 gave 0°2905 CO, and 0:1033 H,O. C=43°62; H=6:32. 
02278 ,, 20°6 c.c, nitrogen at 17°5° and 752 mm. N=10°36. 
02250 ,, 01522 AgBr. Br=28-78. 

(,,H,,0,N,BrrequiresC = 43:32; H = 6:14; N = 10°11; Br = 28°90 percent. 


The hydroxylamino-derivative is not soluble in cold caustic soda, but 
dissolves readily in dilute sulphuric acid, from which it is reprecip- 
itated by alkalis ; the cold solution in the sulphuric acid decolorises 
potassium permanganate immediately. Ammoniacal silver nitrate is 
rapidly reduced when gently warmed with an alcoholic or aqueous 
solution, and mercuric chloride immediately yields a precipitate of 
calomel, but the substance is indifferent towards mercury acetamide. 
Fehling’s solution becomes dark green without precipitation of cuprous 
oxide; a solution in hydrochloric acid is indifferent towards ferric 
chloride, but when suspended in water alone the substance is imme- 
diately dissolved by the agent, which develops a dark red coloration 
and undergoes reduction in the process. The compound does nof 
answer to Liebermann’s test for nitroso-derivatives, and is indifferent 
towards benzaldehyde, in which it merely dissolves when heated, 
crystallising very readily from the solution in transparent, rectangular 
plates. It dissolves sparingly in hot methyl iodide and does not com- 
bine with it. : 

The behaviour of bromonitrocamphane anhydride towards hydroxyl- 
amine is another instance of the readiness with which that substance 
undergoes conversion into the isomeride melting at 240°, for there can 
be no doubt that this compound is the first product of the action of 
the base. This is suggested by the circumstance that when the isomeride 
in question is treated with hydroxylamine under the conditions formu- 
lated above, the product is identical in all points with the derivative 
just described ; it is proved by the fact that, on one occasion, when 
the second treatment with hydroxylamine was omitted, the first alcoholic 
mother liquor of the product yielded on evaporation a deposit which 
combined with benzoyl chloride, forming the benzoyl derivative of the 
anhydride melting at 240°, instead of the benzoyl derivative of the 
hydroxylamino-derivative, which is described below. 

_ The hydrochloride of the hydroxylamino-derivative dissolves readily 
in hot water, and crystallises in aggregates of minute, white needles ; 
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it begins to darken at about 230°, and melts at 245°, forming a deep 
brown liquid which immediately effervesces vigorously. 

The sulphate crystallises from boiling water in lustrous leaflets 
which soften at about 180° and melt, darken, and evolve gas at 
196°. 

0°1618 gave 0:0953 AgBr. Br=25-06. 

(C,,H,,0,N,Br),,H,SO, requires Br = 24°54 per cent. 

The platinichloride separates in small, pale red crystals on adding 
aqueous platinic chloride to an alcoholic solution of the substance, It 
is sparingly soluble in cold alcohol, but dissolves readily on adding 


hydrochloric acid, crystallising from the solution in minute, pale red 
needles which melt, char, and evolve gas at 255°. 


02161 gave 0:°0429 Pt. Pt=19°85. 
(C,,H,,0,N,Br),,H,PtCl, requires Pt = 20°19 per cent, 

The picrate dissolves readily in alcohol, and crystallises slowly in 
large, sulphur-yellow rhombohedra, melting to a deep brown liquid which 
evolves gas at about 190°. 

0°1911 gave 0:0685 AgBr. Br=15-25. 

C,,H,,0,N,Br,C,;H,0,N, requires Br = 15-81 per cent. 

The carbamide derivative is immediately precipitated on adding 
aqueous potassium cyanate to the hydrochloride of the hydroxylamino- 
derivative. It is scarcely soluble in cold water, and does not dissolve 
very freely or boiling ; the hot liquid deposits minute, lustrous, flat 
needles. 

0°2303 gave 0°1287 AgBr. Br=23-77. 

C,,H,,0,N,Br requires Br = 23°67 per cent. 
The substance softens some degrees before fusion, which takes place 


at 139° with evolution of gas; it is readily soluble in alcohol, and 
reduces ammoniacal silver nitrate on boiling. 


The benzoyl derivative dissolves readily in hot alcohol, and being 
sparingly soluble in the cold medium crystallises from it in lustrous, 
transparent prisms. 

0°2300 gave 0°1135 AgBr. Br= 21:00. 

C,,H,,0,N,Br requires Br = 21-00 per cent. 

It becomes brown at 180°, when it melts and evolves gas ; it is in- 
soluble in cold dilute sulphuric acid, and does not reduce hot ammonia- 
cal silver nitrate. 

The diacetyl anhydride is produced when the hydroxylamino- 
derivative is heated with a mixture of glacial acetic acid and the 
anhydride in a reflux apparatus. It crystallises very readily from hot 
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alcohol, separating in transparent, well-formed, hexagonal prisms 
melting at 139°. 
0:2625 gave 01434 AgBr. Br= 23-24. 
02479 ,, 01354 AgBr. Br= 23-24, 
C,,H,,0,N,Br requires Br = 23°19 per cent. 
The derivative reduces ammoniacal silver nitrate slowly on con- 
tinued boiling. 


Action of Nitrous Acid on the Hydroxylamino-derivative. 


The substance was dissolved in glacial acetic acid, diluted with 
water, and cooled in melting ice. A small quantity of a concentrated 
solution of sodium nitrite was added, the first few drops developing a 
deep yellow coloration ; the liquid remained clear during a few seconds, 
when the colour disappeared, gas was evolved, and a white, crystalline 
precipitate separated. Further addition of nitrite again developed 
colour, which was quickly discharged. When the solution remained 
indifferent to the agent, the precipitate was filtered, washed, and re- 
crystallised twice from hot alcohol. 


0:2919 gave 0°2208 AgBr. Br=33°23. 
C,,H,,ONBr requires Br = 32°79 per cent. 


The substance crystallised in transparent, six-sided plates, and melted 
at 240°, being identical with the compound obtained by the action of 
hydrochloric acid on the anhydride of bromonitrocamphane (Trans., 
1899, '75, 1146). 


Oxidation of the Hydroxylamino-derivative. 


Ten grams of the hydroxylamino-derivative were dissolved in 
100 ¢.¢, of dilute sulphuric acid (1:7), cooled by immersion in melting 
lee, and oxidised with 250 c.c. of an ice-cold 2 per cent. solution of 
potassium permanganate. This was added in small quantities at a 
time, each portion being decolorised before a further amount was 
added. At first the liquid remained clear, but very soon a white tur- 
bidity appeared, rapidly deepening to a distinct precipitate. When 
the stated amount of permanganate had been added, a further quantity 
™ obtained by treating the filtrate with 80 c.c. of the oxidising agent, 
which then became reduced only after a long interval. The colourless 
product, when washed and dried, weighed 9 grams ; it was recrystallised 
twice from alcohol, which deposited a finely-divided, crystalline powder, 


0'1670 gave 02835 CO, and 00871 H,0O. C=46°30; H=5°80. 
03187 ,, 146 cc, nitrogen at 16° and 755 mm. N=5°31. 
02388 ,, 0:1720 AgBr. Br=30°65. 

CioH,,0,NBrrequiresC = 46°15 ;H = 5-40; N =5°38; Br = 30°77 percent, 
VOL, LXXIx, ZZ 
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The substance begins to darken at about 200°, and melts to a deep 
brown liquid evolving gas at 240°. It dissolves very readily in cold 
alcohol, forming a solution which is indifferent towards hot am. 
moniacal silver nitrate. Boiling water dissolves it very sparingly, 
yielding minute crystals as the solution cools. It is insoluble in 
caustic soda, and when heated with the alkali slowly gives rise to the 
nitrile of infracampholenic acid. 


Behaviour of the Hydroxylamino-derivative towards Caustic Soda, - 


Twenty grams of the hydroxylamino-derivative were suspended in 
100 c.c, of 15 per cent. aqueous caustic soda and heated, first in 
boiling water, and finally over a flame until a clear solution was 
obtained. This occupied scarcely more than one minute, and the pale 
yellow liquid had only a very faint odour of infracampholenonitrile, 
The behaviour of the hydroxylamino-derivative towards hot caustic 
soda is therefore totally different from that of the anhydride of 
bromonitrocamphane. If allowed to cool slowly, the clear liquid 
deposited lustrous, white needles, but when rapidly cooled, no separa- 
tion took place; on adding hydrochloric acid to the cold, clear 
solution until a permanent turbidity was formed, the liquid contents 
of the vessel suddenly became semi-solid, from the separation of a 
snow-white, crystalline precipitate. This was filtered, and the filtrate, 
which was still alkaline to litmus, exactly neutralised with dilute 
hydrochloric acid, when it yielded a further quantity of precipitate; 
the latter, when recrystallised from the minimum quantity of boiling 
water, weighed 15 grams. 


0-2000 gave 0°4491 CO, and 0:1446 H,O. O=61'24; H=8403. 
02525 ,, 31'3 c.c, nitrogen at 17° and 761 mm. N=14°40. 
C,9H,gO.N, requires C =61°22; H=8:16; N=14:28 per cent. 


The substance is very readily soluble in hot alcohol, from which it 
crystallises in rhomboidal plates. It also dissolves readily in boiling 
water, separating in lustrous, transparent leaflets which soften at 
about 170° and melt at 208° to a pale yellow liquid which soon 
evolves gas and turns brown, The aqueous solution is indifferent 
towards cold ammoniacal silver nitrate, but when gently heated 
develops a magnificent mirror. The compound dissolves readily in 
dilute caustic soda and in dilute mineral acids, the solution in sul- 
phuric-acid decolorising potassium permanganate. When mercuric 
chloride is added to the aqueous solution, a white precipitate is formed, 
but this disappears on standing, and no calomel is produced when the 
liquid is boiled. Ferric chloride develops a deep red coloration without 
being reduced to the ferrous condition ; in presence of free hydro 
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chlorie acid, however, no development of colour takes place, neither 
does reduction occur. A cold solution of potassium ferricyanide is 
reduced almost immediately, but mercury acetamide remains unaltered 
even on boiling. A solution of bromine in chloroform is not decolorised 
by the substance. 

The platinichloride is very soluble in cold alcohol and in hot water, 
aystallising from the latter in nodules of opaque, pale yellow needles, 


02009 gave 0°0483 Pt. Pt=24-04. 
01813 , 0°0456 Pt. Pt=24°05, 
(C,,H,,0,N,)2,H,PtCl, requires Pt = 24°25 per cent. 


The salt has no definite melting point ; it suddenly becomes deep 
red at about 150°, and then rapidly chars. 
The picrate crystallises in aggregates of lustrous yellow needles. 


02080 gave 30-7 c.c. nitrogen at 17° and 754 mm. N=17:00, 
C,)H,,0,N.,C,H,0,N, requires N = 16°47 per cent. 

The salt melts and evolves gas at 148°. 

Although the compound ©,,H,,0,N, is indifferent towards caustic 
soda, in which it merely dissolves, the benzoyl derivative could not be 
obtained by the Schotten-Baumann method because of the readiness 
with which that substance yields infracampholenonitrile under the 
influence of caustic soda. No definite product was obtained, moreover, 
by the action of potassium permanganate in dilute sulphuric acid, or 
by the action of nitrous, acid. 


RoyaL CoLLEGE oF ScrENcE, LONDON. 
South Kensineton, 8. W. 


LXIX.—Contribution to the Chemistry of the Triazoles. 
1-Methyl-5-hydroxytriazoles. 


By Gzorcz Youne, Ph.D., and Witt1am Henry Oates, late 1851 
Exhibition Scholar. 


It is to be expected that the possibility of isomerism in the triazole 
series is similar to that in the pyrazoles, the close relation of the two 
groups having frequently been pointed out, more especially by 
Andreocci (Gazz., 1899, 29, ii, 1); the only differences to be foreseen 
are those produced by the replacement of a methenyl group in pyrazole 
by an atom of nitrogen in triazole. According to Knorr, isomerism 
amongst the derivatives of pyrazole is limited by the fact that when 
Position (1) is occupied by a hydrogen atom, positions (3) and (5) are 
ZZ2 
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identical; thus he found that on preparing 3-methylpyrazole, 
Fe S0-0H, andd-mieisipyeiode ae >CH he obtai 
OH:CH » g and5-methylpyrazo ’ OH,-C:0H » he obtained 


one substance, instead of two isomerides (Annalen, 1894, 2'79, 190), 

In the triazole series, Young and Witham (Trans., 1900, '77, 224) 
endeavoured to prepare a similar pair of isomerides, 3-phenyl- 

i NH-NS af 
5-hydroxytriazole, oH-6—NoO OCs and 5-phenyl-3-hydroxytri- 

NH-N i 
azole, 0,H," b—y>C' On. In this case also, one substance, instead 
of two isomerides, was obtained. 

Neither Knorr’s results nor those of Young and Witham can, hov- 
ever, be looked upon as definitely deciding the impossibility of such 
isomerism, as, were both isomerides capable of existence, but witha 
tendency on the part of either to change into the other, the methods 
of synthesis used offered most favourable conditions for the occurrence 
of isomeric change. 

The failure to obtain two C-phenylhydroxytriazoles is not surprising 
if the triazole ring be looked upon as a double amidine, as shown by 

()NHAT-N(2) 
OH /\CH 
the dotted lines in the formula SA » the two amidine 


(4) 


. 7 
groups, o<, having the nitrogen atom (4) in common. As is 


well known, all attempts to prepare isomeric amidines of the type 
RC<hy and RC<Nt have resulted in failure (von Pechmann, 
Ber., 1895, 28, 869; Wheeler and Johnson, Ber., 1899, 32, 35).* 

According to this view of the triazole ring, the hydrogen atom 
might wander from position (1) to (4), and from there to position (2); 
the change thus falling under form C of Lapworth’s generalisation 
(Trans., 1898, '73, 448), without necessitating the hypothesis of oscil- 
lation of the hydrogen atom between two neighbouring nitrogen 
atoms, 

The wandering of the hydrogen atom between positions (1) and (4) 
is exemplified in the synthesis of triazole by Freund (Ber, 1896, 28, 
2483), who, starting from thiosemicarbazides, obtained derivatives 


* The ethenyltriaminonaphthalenes of Markfeldt (Ber., 1898, 81, 1174) and of 
Meldola and Eynon (Trans., 1900, 77, 1159), and the B-phenylaminobenzoxazol 
of Kalckhoff (Ber., 1883, 16, 1826) and of Chelmicki (J. pr. Chem., 1890, [ii], 42 449) 
appear in the literature as isomeric amidines of the above type, but 
evidence is required before the structure of these compounds can be considered 88 
proved. 
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N—N, 
laving the formula UR-NR CH. By this means, he obtained tri- 


N N 
swle, to which he ascribes the formula WaeNH> CH, but found his 


product to be identical with Andreocci’s (Ber., 1892, 25, 225) and 
Bladin’s (Ber., 1892, 25, 741) triazole, which, according to the methods 


NH: 
of formation used by these authors, has the formula Neel: 


Asall the isomeric pairs of 1:3- and 1:5-triazole derivatives de- 
scribed inthe literature have position (1) occupied by phenyl, we 
thought it advisable to attempt the preparation of such a pair with 
methyl in (1) as some guide to the difference .which might be ex- 
pected between the isomerides when (1) is occupied by hydrogen. 

The methods which we used were the oxidation of benzal-2-methyl- 


semicarbazone : 


0,H,CH:N-N(CH,)-CO-NH, — N(CH) 


C4 O-—— i 
and the oxidation of a mixture of benzaldehyde and von Briining’s 
methylsemicarbazide (Annalen, 1889, 253, 11), which we expected to 
take place according to the reaction described by Young (Trans., 1895, 
67, 1063) : 


(H,NH-NH-CO-NH, + C,H,-CHO + 0 = 


>C-OH, 


H,'N'N 
2H,0 + 0,H,-G:n>C OH. 

To our surprise, both reactions yielded the same product. On in- 
vestigation, we found the cause of this unexpected result to be that 
the methylsemicarbazide, made according to von Briining’s directions 
by the action of potassium cyanate and caustic potash on methyl- 
hydrazine sulphate, is 2-methylsemicarbazide, NH,*N(CH,)-CO-NH,, 
and not 1-methylsemicarbazide, as stated by him (Joc. cit.), as with 
benzaldehyde it yields the same benzalmethylsemicarbazone as is ob- 
tained by reduction of nitrosomethylurea and treatment of the product 
with benzaldehyde. On heating the phenylmethylhydroxytriazole, 
obtained by the above reactions, with phosphorus pentasulphide, the 
methyl group, as well as the hydroxyl, was removed, the product of 
the reaction being C-phenyltriazole, which we recognised by comparison 
with a specimen the preparation of which from O-phenylhydroxytri- 
azole will be described in a later paper, This removal of the methyl 
group by the action of phosphorus pentasulphide agrees with the re- 
stm, obtained by Andreocci (Atti Real. Accad. Linc., 1890, [iv], 6, ii, 


In this paper, we also describe the preparation of other hydroxy- 
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triazoles by oxidation of methylsemicarbazones, and the preparation of 
2-pheny!-1-methyltriazole from 4-methylthiosemicarbazide by the serie, 
of reactions described by Marckwald and Bott (Ber., 1896, 20, 2914), 


EXPERIMENTAL. 
Benzal-2-methylsemicarbazone, C,H,*CH:N-N(CH;):CO-NH,, 


Nitrosomethylurea was reduced with zinc dust and acetic acid ip 
water, according to the instructions given by von Briining (loc. cit), 
who made use of this process as an intermediate stage in the prepara. 
tion of methylhydrazine, but without isolating the resulting methyl. 
semicarbazide or any of its derivatives. Having removed the excess 
of zinc dust by filtration, we shook the filtrate with benzaldehyde and 
purified the benzalmethylsemicarbazone, which separated out in a mass 
of white needles, by recrystallisation from boiling water and from 
benzene. Benzal-2-methylsemicarbazone is fairly soluble in boiling 
water, more so in boiling alcohol, benzene, or ethyl acetate, but only 
slightly so in cold benzene or boiling ether. From the solution in 
benzene, it can be precipitated by addition of light ‘petroleum. It 
forms white, delicate needles which melt at 159—160°. Whe 
warmed with concentrated hydrochloric acid, it is easily hydrolysed 
with production of benzaldehyde. 


0°1671 gave 0°3743 CO, and 0:0946 H,O. C=61:09; H=6:29, 
02001 ,, 40°5 c.c. moist nitrogen at 11°5° and 754 mm. N =23'88, 
C,H,,ON, requires C=61:02; H=6:21 ; N=23°73 per cent. 


‘N(CH 
3-Phenyl-1-methylhydroxytriazole, amet ( )>0-0H, 

Benzalmethylsemicarbazone is easily oxidised by an alcoholic solu- 
tion of ferric chloride. The action takes place slowly at the ordinary 
temperature. We obtained the best results by heating the mixture 
in a closed bottle in boiling water for 1 hour, After removal of the 
alcohol by a current of steam, the greater part of the product crys 
tallised out on cooling. To recover the remainder from the mother 
liquor, the iron was precipitated by addition of ammonia, the filtrate 
from the ferric hydroxide evaporated to dryness, and the residue Te 
crystallised from a mixture of alcohol afid ether. The product, on 
recrystallisation from dilute alcohol, formed long, white, delicate 
needles which melted at 218—219°. 


0°1703 gave 0°3842 CO, and 00814 H,O. C=61°53; H=5°31. 
01963 ,, 41:1 c.c. moist nitrogen at 15°5° and 753 mm. N=24'23. 
C)H,ON, requires C=61'71; H=5:14; N= 24°00 per cent. 
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This phenylmethylhydroxytriazole is easily soluble in alcohol, fairly 
sin water, but less so in boiling benzene or ether. It dissolves very 
asily in alkalis, and is reprecipitated by addition of acids or by boil- 
ing the ammoniacal solution, in which case it separates in crystalline 
fakes, The alkaline solutions do not reduce Fehling’s solution or 
silver nitrate. 

On addition of silver -nitrate to a slightly ammoniacal solution 
of the hydroxytriazole, the silver derivative was thrown down as 
a finely divided, white precipitate, which was dried at 110° until 


of constant weight. 


05622 gave 0'2137 Ag. Ag=38°01. 

C,H,ON,Ag requires Ag = 38°30 per cent. 

The acetyl derivative was prepared by boiling the hydroxytriazole 
with acetic anhydride and fused sodium acetate. The product was 
extracted with ether, the ethereal solution washed with dilute 
aqueous potassium carbonate, dried over calcium chloride, and the 
ether distilled off. The residue was recrystallised from light 
petroleum. 

The acetyl derivative is easily soluble in alcohol, ether, benzene, 
or boiling light petroleum. From the last solvent, it crystallises 
om cooling in beautiful rosettes of white, thin, soft leaflets which 
melt at 72°5—73°, 


02103 gave 0:4682 CO, and 0°0972 H,O. C=60'71; H=5-13. 
C,,H,,0,N, requires C=60°82; H=5°07 per cent. 


The acetyl derivative is hydrolysed by boiling with water, yield- 
ing phenylmethylhydroxytriazole melting at 218—219°. 


Preparation of Phenylmethylhydroxytriazole from Methylhydrazine. 


A hot alcoholic solution of ferric chloride (1 mol. Fe,Cl,), was 
added to a boiling alcoholic solution of benzaldehyde and von Briin- 
ing’s methylsemicarbazide (Joc. cit.) in molecular proportion. After 
the alcohol had been removed by steam distillation, the solution, on 
cooling, deposited crystals, which, after repeated recrystallisation 
from alcohol, formed long, white needles melting at 218—219°. The 
solubility in various solvents, and the behaviour towards alkalis, 
Fehling’s solution, and silver nitrate were the same as described 
above for phenylmethylhydroxytriazole prepared from benzalmethyl- 
semicarbazone, 


0:2128 gave 0°4800 CO, and 01017 H,O. C= 61:51; H=5°31. 
01587 ,, 32°8 c.c. moist nitrogen at 11°5° and 745°5 mm. N=24'15, 
C,H,ON, requires C=61:71; H=5:14; N= 24-00 per cent. 
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The silver derivative was dried at 110°. 


03315 gave 0:1269 Ag, Ag=38'28. 
C,H,ON,Ag requires Ag=38°30 per cent. 


The acetyl derivative had the same solubilities and crystalline 
appearance as the compound described on p. 663. It melted at 
72—73°, and was hydrolysed by boiling with water. 


0:1756 gave 0°3908 CO, and 0:0822 H,O. C=60°69; H=5:20, 
C,,H,,0,.N; requires C=60°82 ; H=5°07 per cent. 


That the phenylmethylhydroxytriazole prepared from methyl. 
hydrazine is identical with that obtained by synthesis from nitroso. 
methylurea is shown, not only by the melting points and general 
behaviour of the two substances and by the characteristic crystalline 
appearance and melting points of their acetyl derivatives, but also by 
the following report by Professor Lewis, who kindly examined the 
crystals for us, and to whom our thanks are due. 

Of the crystals submitted to Professor Lewis those of the phenyl- 
methylhydroxytriazole derived from nitrosomethylurea were labelled 
“1CH,:3Ph,” those of the hydroxytriazole from methylhydrazine 
were labelled “1CH,:5Ph.”’ 

“The crystals labelled 1CH,:3Ph and 1CH,:5Ph are, so far as ob- 
servations can be made, identical. The crystals of the latter substance 
are ill developed, and so fragile that on most of them only the prism faces 
are to be seen. On one of them a small terminal face was found. The 
crystals are oblique, as is proved by the fact that when the crystal is 


B 80°9'; a@:b:¢=0°87708 : 1 : 0°34946. 
100 A 101 = 59°58-25’, 101 A 001 = 20°10°75’, 010 A 111 =73°10. 


“10Hs3Ph,” “ 10H, 5Ph.” 


Observed angles. 
r A ~ | First | Second 


Extreme crystal. | crystal. 
measurements, 


Means. 


— 


1 49°18’ | 48°36’—50° 1’ = 
:110 | ¢ 9755 | 97 14—98 36 100°%4 
:110 | 8157 | 8124 —82 30 7934 
:011 | 71 8 
:011 | 37 43 
:011 | 84 21 85 31 
: Tio | 95 50 94 59 
:011 | 94 48 
:110 | 8449 | 85 5 

| 
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placed between crossed nicols resting on one of the prism faces the 
direction of extinction is inclined to the edge at an angle of nearly 49° ; 
and two prisms, one of each substance, placed side by side in the 
polariscope, extinguished the light simultaneously. The habit is one 
of long, four-faced needles terminated at the free end by two small, 
triangular planes ; occasionally the plane of symmetry is also developed. 
The following elements were determined by measurement of one of 
the crystals of ‘1CH,:3Ph.’ The measurements of ‘10H,:5Ph’ on 
two crystals are given in the last column of the table.” 


. NH-N 
C-Phenyltriazole, C,H; ( put Noon. 

3-Phenyl-1-methylhydroxytriazole was heated with phosphorus penta- 
sulphide at 230—260° for six hours. The resulting dark brown mass 
was boiled with aqueous potassium carbonate until evolution of gas 
ceased, and the strongly alkaline liquid repeatedly extracted with 
ether. The ethereal solution was dried over potassium carbonate and 
evaporated ; the residue, dissolved in benzene and precipitated by 
addition of light petroleum, formed crystalline nodules which melted 
at 118:5—119°. 


01614 gave 0°3930 CO, and 0°0692 H,O. C=66:40; H=4-76. 
01196 ,, 30°8 c.c. moist nitrogen at 15° and 732°8 mm. N=29-05. 
C,H,N, requires C= 66°21; H=4:83; N =28-96 per cent. 


Addition of platinic chloride to a solution of phenyltriazole in hydro- 
chloric acid gave a precipitate of the platinichloride, which, on re- 
crystallisation from dilute acid, formed orange crystals. 


03906 gave 01092 Pt. Pt=27-96. 
(C,H,N,).,H,PtCl, requires Pt = 27°86 per cent. 
_ Onadding a solution of potassium cyanate to phenyltriazole dissolved 
in dilute hydrochloric acid, a white precipitate was formed, which, on 


recrystallisation from benzene and light petroleum, gave small, white 
needles which melted at 146—147°, ; 


Action of Benzaldehyde on von Briining’s Methylsemicarbazide. 


Benzaldehyde and methylsemicarbazide, in molecular proportion, 
Were dissolved in alcohol, and evaporated on the water-bath to dryness ; 
the residue, on recrystallisation from benzene and light petroleum, 
yielded white, delicate needles which melted at 158—159°, and had 
the appearance of benzal-2-methylsemicarbazide. 


01490 gave 03305 CO, and 00858 H,O: C=60:-49; H=6°39. 
C,H,,ON, requires C+ 61:01; H=6-21 per cent, 
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Cinnamal-2-methylsemicarbazone, 
0,H,: CH:CH: CH:N-N(CH,)-CO'NH,. 


Nitrosomethylurea was reduced as described above, and the filtrate 
shaken with cinnamaldehyde, The product separated as a mass of 
small, yellow needles, and was purified by recrystallisation from water 
and from dilute alcohol. The yield was about 80 per cent. of the 
nitrosomethylurea. 


0°1550 gave 0°3693 CO, and 0°0898 H,O. C=64:91; H=6:43, 
C,,H,,ON, requires C= 65:02 ; H=6°40 per cent. 


Cinnamalmethylsemicarbazone is moderately soluble in boiling water, 
but almost insoluble in cold water ; it dissolves easily in alcohol. It 
crystallises in long, white, delicate needles which melt at 155° 


(N(CH 
’ C.H,*C,H,*C—— 


Cinnamalmethylsemicarbazone was heated with ferric chloride and 
70 per cent. alcohol in a closed bottle for one hour at 100°. After 
addition of water and expulsion of the alcohol by a current of steam, 
the hot solution was filtered from a small amount of tar. The filtrate, 
on cooling, deposited the hydroxytriazole, which was dissolved in 
caustic soda, precipitated by sulphuric acid, and recrystallised from 
70 per cent. alcohol. This hydroxytriazole is easily soluble in aleohol 
and in boiling benzene, but only slightly so in other solvents. It 
dissolves easily in alkalis. The ammoniacal solution deposits the 
hydroxytriazole on boiling. The alkaline solutions do not reduce 
Fehling’s solution or silver nitrate. 

From 70 per cent. alcohol, the styrenylmethylhydroxytriazole crystal- 
lises in beautiful clusters of white needles which melt at 204—205°. 


0°1616 gave 0-3896 CO, and 00772 H,O, C=65:'74; H=5:1. 

01628 ,, 03808 C0, ,, 00782 H,O. C=65:47; H =5°34, 

0:1416 ,, 25°1 c.c. moist nitrogen at 15° and 767 mm. N=20°07. 
C,,H,,ON, requires C = 65°67 ; H=5-47 ; N=20°89 per cent. 


On addition of silver nitrate to a slightly ammoniacal solution of 
the hydroxytriazole, the silver salt was thrown down as a slightly 
yellow precipitate ; this was dried at 110° until of constant weight, 


0°4533 gave 0'1584 Ag. Ag=34:94. 
C,,H,,ON,Ag requires Ag = 35:06 per cent. 
The acetyl derivative, formed by boiling the hydroxytriazole with 
acetic anhydride and fused sodium acetate, is easily soluble in alcohol, 


)>0-0H, 


3-Styrenyl-1-methylhydroaytriazole 
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ether, benzene, or boiling light petroleum. It forms white crystals 
which melt at 88—89°, and is easily hydrolysed‘by boiling with dilute 
acids. 


0'1688 gave 24°7 c.c, moist nitrogen at 8° and 747mm. N=17'39 
C,,;H,,0,N, requires N = 17°28 per cent. 


m-Nitrobenzal-2-methylsemicarbazone, 
NO,°C,H,°CH:N-N(CH,)-CO-NH,. 


This semicarbazone, formed by reducing nitrosomethylurea and 
shaking with m-nitrobenzaldehyde, was recrystallised from boiling 
alcohol. It separated rapidly in delicate, canary-yellow needles which 
melted at 207—208°. 


01541 gave 0°2758 CO, and 0°0627 H,O. C=48°81; H=4'52. 
01546 ,, 33:1 c.c. moist nitrogen at 12° and 756 mm. N =25-29 
C,H,,O,N, requires C= 48°64 ; H=4'50 ; N = 25:22 per cent. 


3.m-Nitrophenyl-1-methylhydroxytriazole, NO,0,H,C 

The nitrobenzalmethylsemicarbazone was oxidised by ferric chloride 
in alcoholic solution at 100°. After purification in the usual way, the 
hydroxytriazole was recrystallised from 70 per cent. alcohol. It 
formed white, delicate needles which melted at 285—285°b°. 


0:1777 gave 0:3201 CO, and 0:0608 H,O. C=49:12 ; H=3°80. 
01434 ,, 31°8c.c. moist nitrogen at 16° and 751 mm. N=25°52, 
C,H,O,N, requires C= 49°09 ; H=3°63; N = 25-45 per cent. 


This hydroxytriazole dissolves in dilute ammonia, forming a yellow 
solution, and in caustic soda a red solution. These solutions do not 
reduce Fehling’s solution. On addition of silver nitrate to the slightly 
ammoniacal solution, the silver derivative is thrown down as a light 
yellow precipitate, which becomes granular on boiling. 


03700 gave 0'1224 Ag. Ag=33:08. 
C,H,O,N,Ag requires Ag = 33°03 per cent. 


Benzoyl-4-methylthiosemicarbazide, C,H,*CO*NH:N;C(SH):N H-CH,. 


4-Methylthiosemicarbazide (Pulvermacher, Ber., 1894, 27, 622) was 
dissolved in dry chloroform, and a solution of benzoyl chloride in 
chloroform added drop by drop. A copious white precipitate was 
formed, with slight development of heat. On recrystallisation from 
alcohol, the product formed silky needles which melted at 198°. 
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0°1772 gave 31°6 c.c. moist nitrogen at 16° and 7427 mm. N = 2030 
02132 ,, 02478 BaSO,. S=15-96. 
C,H,,ON,S requires N = 20°10; S=15-31 per cent. 


N N 
’ C,H, C-N‘CH,) 


Benzoylmethylthiosemicarbazide was heated for some time slightly 
below its melting point ; it fused and lost water. After cooling, the 
mass was dissolved in hot caustic soda, cooled, filtered, and the product 
thrown down by addition of hydrochloric acid. After recrystallisation 
from boiling 70 per cent. alcohol, the mercaptotriazole formed white 
crystals which melted at 163—164°. 


0:1768 gave 34:0 c.c. moist nitrogen at 13° and 738 mm, N=22'1l, 
C,H,N,S requires N = 21-99 per cent. 


2-Phenyl-1-methylmercaptotriazole SC:SH, 


Fama 
2-Phenyl-1-methyltriazole, C,H," CG ‘Ni on, cH ; 
Phenylmethylmercaptotriazole was evaporated down several times 
with dilute hydrogen peroxide solution on the water-bath. The pro- 
duct, on recrystallisation from ether, formed white, delicate needles 
which melted at 112—113°. 


0:2164 gave 50:2 cc. moist nitrogen at 15° and 741°7 mm, N=26-49. 
C,H,N, requires N = 26°41 per cent. 


Phenylmethyltriazole is easily soluble in alcohol, hot water, or 
boiling ether, and crystallises out almost completely from the ethereal 
solution on cooling. It is easily soluble in dilute acids, and is repre- 
cipitated by addition of sodium carbonate. 


LXX.—Preparation of o-Dimethoaxybenzoin and a New 
Method of preparing Salicylaldehyde Methyl Ether. 


By James ©. Irvine, B.Sc. (1851 Exhibition Research Scholar). (St. 
Andrews University. ) 


In the course of recent work, the author had occasion to prepare 00D- 
siderable quantities of the methyl ether of salicylaldehyde, and made 
a critical examination of the methods hitherto in use. 

This substance was first prepared by W. H. Perkin (Annalen, 1868, 
145, 302) by acting on the sodium derivative of salicylaldehyde with 
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methyl iodide dissolved in methyl alcohol. The reaction is con- 
ducted in sealed tubes, a temperature of 140° being maintained for 
sme hours. The yield of material is fairly satisfactory but the pro- 
cess is inconvenient when large quantities are required. Voswinckel 
(Ber, 1882, 15, 2024) modified the method by decomposing the corre- 
sponding potassium derivative with methyl iodide in presence of a 
large excess of methyl alcohol, heating being conducted on the water- 
bath under the ordinary pressure for many hours. The yields thus 
obtained vary from 50 to 70 per cent. of the theoretical, but complete 
decomposition of the potassium salt is only attained after boiling for 
several days. 

In the preparation here described, application was made of the 
method of alkylating hydroxyl groups by means of dry silver oxide 
and alkyl iodides (Trans., 1899, '75, 157, 483). By this process, sali- 
cylic acid has already been converted into methyl-o-methoxybenzoate 
(lander, Trans., 1900, '7'7, 744), but the reaction has not hitherto 
been applied to hydroxyaldehydes. It was found, however, that very 
little if any oxidation took place, and a nearly quantitative yield of 
omethoxybenzaldehyde was obtained. 

A preliminary experiment having proved successful, the following 
proportions were used : Salicylaidehyde, 20 grams (1 mol.); dry silver 
oxide, 56°8 grams (1} mols.) ; methyl iodide, 17-6 grams (3 mols.), The 
aldehyde and iodide were mixed in a flask provided with an upright 
condenser, and the thoroughly dried oxide added in small quantities at 
atime, Ina few minutes the liquid commenced to boil vigorously, 
and the reaction was allowed to complete itself, with the flask im- 
mersed in cold water. 

After all the oxide had been added, the mixture was warmed for 
one hour on the water-bath, the product extracted with boiling ether, 
and filtered from the black silver residues. 

The ethereal extract, on testing with ferric chloride solution, was 
found to contain a trace of unaltered salicylaldehyde, which was re- 
moved by shaking with dilute caustic soda ; the dried ethereal solution 
was then distilled. After removal of the ether, the theoretical quantity 
of alkylated product remained as a brown oil. On distillation, 20 grams 
of pure substance boiling at 236—238° were obtained representing a 
90 per cent yield. 

Voswinckel has already recorded the fact that, “ when perfectly free 
from salicylaldehyde,” this substance resolves itself very slowly into 
colourless prisms melting at 37°. 

In this case, however, on adding a nucleus the oil immediately 
solidified to a hard mass of crystals melting at 39—40° which, on 
analysis, proved to be pure salicylaldehyde methyl ether : 
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0:208 gave 0°538 CO, and 0113 H,O. C=7054; H=6:03, 
O,H,O, requires C= 7008 ; H=5°89 per cent. 


Hydrolysis of the Product.—In order to ascertain if any dimethyl 
salicylate had been produced in the reaction, 10 grams of the product 
were boiled for several hours with excess of caustic soda, a little alcohol 
being added to bring the oil into solution. After nearly neutralising 
with sulphuric acid, the mixture was evaporated on the water-bath, 
and the separated oil shaken out with ether. Examination of the ex. 
tract showed it to contain unaltered salicylaldehyde methyl ether 
melting at 39—40°.  * 

The alkaline mother liquor was evaporated to a small bulk on the 
water-bath, and, after acidifying with sulphuric acid, extracted with 
ether. The ethereal solution, after washing with water and drying 
over sodium sulphate, gave on evaporation a small quantity of an acid 
gum, which solidified on cooling to a mass of small prisms. This pro- 
duct, which melted at 92—95°, was recrystallised from absolute alcohol, 
and afterwards from a mixture of alcohol and light petroleum, when a 
crop of small, flat prisms was obtained melting at 97—98°5°. 

This melting point agrees with that of o-methoxybenzoic acid (m, p. 
985°), a compound produced under these conditions presumably by the 
hydrolysis of a trace of the methyl ester,'but the quantity of the substance 
obtained did not permit of further examination. It is probable that 
the production of this impurity was due to the presence of a trace of 
salicylic acid in the aldehyde used. 

The silver oxide reaction is, therefore, capable of being applied as 4 
method of preparing salicylaldehyde methyl] ether in a state of purity. 
Yields of 90 per cent. of the pure substance can be readily obtained, 
and the process has the additional advantage of being rapid, as all the 
operations can be completed in one day. 


Condensation of Salicylaldehyde Methyl Ether to a Benzoin. 


Salicylaldehyde methyl ether has been found to be capable of under- 
going the benzoin condensation, yielding a product isomeric with 
anisoin, which is the corresponding p-derivative. The following method 
of preparation gave the best results. : 

Salicylaldehyde methyl ether (100 grams), which must be free 
from salicylaldehyde, was dissolved in the smallest possible amount of 
560 per cent. alcohol (300 grams), and the solution vigorously boiled on 
a sand-bath with potassium cyanide (10 grams). After about two 
hours’ action, the liquid was quickly cooled in a mixture of ice and salt, 
and the separation of the benzoin promoted by stirring with a glass 
rod, The solution gradually solidified to a thick mass of goldem 
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yellow prisms, which was collected on the pump and freed from adher- 
ing oil by pressing on @ porous plate. The crude product may 
afterwards be purified by recrystallisation from 50 per cent. alcohol, 
or better still from ether, in which it is only sparingly soluble. 

After the addition of a little more potassium cyanide, the mother 
liquors were boiled up a second and third time and small additional 
erops of benzoin thus obtained. The yield of crude product in this 
case was 64 grams, but the average yield is somewhat lower, amount- 
ing to 55 per cent. of the theoretical. When pure, the benzoin 
was obtained as almost colourless prisms melting at 101°5°; these, 
however, turned slightly yellow on exposure to light. Analysis of a 
sample dried in a vacuum gave figures corresponding to those required 
for o-dimethoxy benzoin, CH,0-C,H,*CH(OH)-CO-C,H,°OCH,,. 


01362 gave 0:°3520 CO, and 0°0745 H,O. C=70°48; H=6-07, 
02700 ,, 06970 CO, ,, 01440 H,O. C=70°41; H=5-92. 
C,,H,,0, requires C=70°59 ; H =5°88 per cent. 


The dark brown, uncrystallisable mother liquors obtained in the 
above preparation appear to be extremely complex, and examination 
showed them to contain no unaltered aldehyde ether. 

Dimethoxybenzoin has the usual reactions of such substances, and its 
oxidation and reduction products have already been studied, the latter 
affording results of considerable interest which I hope to publish shortly. 

In order to confirm the ortho-nature of the compound, experiments 
were made with the view of isolating o-methoxybenzoic acid as one of 
the products of oxidation. As ortho-compounds are readily converted 
into carbon dioxide by oxidising agents, the process had to be con- 
ducted carefully, and a large number of experiments were made ere 
the desired result was obtained. The following process was found to 
give satisfactory results. 

The dimethoxy benzoin was mixed with the calculated amount of potass- 
ium permanganate in aqueous solution, some sulphuric acid was added, 
and the mixture allowed to stand for two hours surrounded by ice-cold 
water. A considerable quantity of carbon dioxide was evolved and 
the liquid became colourless. The solution was filtered from the residue, 
which examination proved to be the impure benzoin. The filtrate was 
extracted with ether and the acid solution thus obtained, after drying 
over sodium sulphate, evaporated in a current of air. A gummy mass 
of prisms remained, which, after drying on a porous tile in a vacuum, 
was recrystallised twice from dilute alcohol. Another recrystallisation 
from a mixture of alcohol and light petroleum gave a product with 
the constant melting point 97—98°. This agrees with the melting 
point (98°5°) of o-methoxybenzoic acid. Analysis of a sample dried 
Mm a Vacuum gave ; 
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C = 62°85 per cent ; H =5°40 per cent. 
C,H,O, requires C=63°15 per cent ; H = 5:26 per cent. . 


This result, in which the ortho-nature of the benzoin is substantiated, 
is important on account of certain abnormalities which the compound 
showed on reduction. 


Preparation of o-Dimethoxybenzoin Methyl Ether. 


A reaction of the benzoin which may be conveniently mentioned 
here is its conversion into a methyl ether. The ethyl and methyl ethers 
of ordinary benzoin have already been prepared by E. Fischer (Ber, 
1893, 26, 2412) by the hydrochloric acid method, and the alkylating 
effect of a mixture of dry silver oxide and methyl iodide has also been 
applied by Lander (loc. cit.) in the preparation of benzoin methyl 
ether. Lander found, however, that partial disruption of the molecule 
took place with formation of benzaldehyde and methyl benzoate, 
The dimethoxybenzoin, however, proved to be more stable, and the 
alkylation by this process gave a quantitative yield of the methyl ether. 

Six grams of dimethoxybenzoin were dissolved in excess of methyl 
iodide by warming on the water-bath. On the gradual addition of 22 
grams of dry silver oxide, a feeble reaction set in, which was continued 
by warming on the water-bath under a condenser for 30 minutes. 
The product was then extracted with boiling ether, and the filtered 
solution decolorised by shaking with sodium thiosulphate. After 
drying, the ethereal solution was evaporated to dryness on the water- 
bath to expel unaltered methyl iodide. The residual oil on cooling 
solidified to a mass of!beautiful prisms, which after subsequent recrystal- 
lisation from ether proved to melt constantly at 59—60°. On analysis 
of the substance dried in a vacuum : 


0:204 gave 0'531 CO, and0-116 H,O. C=70:99; H=6:3l. 
01890 ,, 04945 CO, ,, 0°1100 H,O. C=71:35; H=6°46. 
C,,H,,0, requires C= 71°32 ; H= 6°29 per cent. 


The methyl ether crystallises in prisms from its solution in aleohol, 
ether, or carbon disulphide and distils in a vacuum unchanged. The 
yield of substance in the above preparation was almost quantitative. 


In conclusion, I wish to express my thanks to Prof. Wislicenus, 
in whose laboratory this investigation was carried out, for the interest 
he has taken in the progress of the research. 


First CHEMICAL INSTITUTE, 
UNIVERSITY cF LEIPzIG,. 
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LXXI.—Researches on Moorland Waters. Part II. On 
the Origin of the Combined Chlorine. 


By Witu1am Ackroyp, F.I1.C. 


Given a reservoir of water of a capacity of 6404 million gallons, with 
achlorine figure of 1°188 per 100,000 and therefore containing 55 tons 
of common salt continually being carried away and continually being 
replenished, with a gathering ground on a saltless area of Millstone 
Grit and Yoredale Rocks, the question not unnaturally arises, Where 
does all the salt come from? Such are the conditions at Widdop, on 
the Yorkshire border, some 7 miles from Burnley, and 12 miles from 
Halifax at an altitude of 1050 feet above sea level. The problem, 
which had presented itself to me for some time, acquired an added 
interest last year from its bearing on chemico-geological speculation 
(compare Joly “On the Geological Age of the Earth,” B. A. Report, 
1900, pp. 369—379). 

To arrive at an answer, chlorine determinations of the reservoir 
water have been made weekly during the winter months 1900—1901 
and compared with the figures yielded by water from a rain-gauge 
kept near the reservoir. The estimations were made with silver 
nitrate and potassium chromate without previous concentration, as 
occasionally less than 10 c.c. of water was available for a test. During 
the period of testing, one large sample of water was kept for chlorine 
estimations as a check against the variable data which follow, and at 
the same time samples were examined from four other gathering 
grounds to the East; daily tests were also made of the Halifax rain- 
fall collected at Belle Vue Museum. The Widdop figures are given 
on p. 674. 

During the week ending December 24th there was a violent storm 
from the S.W., presumably bearing salt spray from the Irish Sea, about 
40 miles away. Some of the other high figures are, perhaps, to be 
accounted for by salt-charged, fine dust being brought down by com- 
paratively light rains, that is, a low rainfall. It appears highly 
probable that the influence of Lancashire towns is a negligible quan- 
tity, because the ground investigated, like others far removed from all 
possibility of town influence, is included in the Yorkshire unit iso-chlor 
area (Ackroyd, B. A. Report, 1900, p. 695). The high chlorine figures 
also synchronise with similarly high chlorine figures obtained for the 
other gathering grounds further east in the course of the work, 

The conclusions to be drawn are : 

1. That the combined chlorine in the reservoir water is wholly 
derived from rain-water. 

VOL. LXXIx, 3A 
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Chlorine, parts per 100,000. 


Week ending 
In reservoir In rain-gauge 
water. water. 


1900: 
November 12 
ae en 
December 


» es weet eee eee 
February 4 


1188 


2. That the quantity of chlorine, 1°188 parts per 100,000, in so large 
a body of reservoir water closely approximates to a yearly average for 
the rainfall of the gathering grounds, it being so much in excess as is 
due to concentration arising from evaporation. Deducting 10 per cent. 
for evaporation and calculating for a rainfall of 43°17 inches, it is 
equal to an annual deposit of 172°3 lbs. of common salt per acre. 

3. That the chlorine in the winter rainfall is in excess of the average 
for other seasons of the year, as has been found in other parts of the 
country (Kinch, Trans., 1883, 51, 94; Lawes, Gilbert, and Warington, 
J. Roy. Agric. Soc. Eng., 1883, [ii], 19, 313, quoted by Kinch). 


For the trouble involved in the conveyance of weekly samples 
from the various gathering grounds during the winter weeks, I have 
to thank Mr. J. A. Paskin, C.E., Waterworks Engineer for the Halifax 
Corporation, and also the Assistant Engineer, Mr. R. J. Hartley. | 
have also to acknowledge my indebtedness to Mr. J. Whiteley, of Belle 
Vue Museum (a Second Class Meteorological Station), who has helped 
me with rain-samples and meteorological data in the course of this work. 


Tur BorovucH LABORATORY, 
HALIFAX. 
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[XXIL—On the Estimation of Cocaine and on Cocaine 
Hydriodide Periodide. 


By W. GarsEp, Salters’ Company’s Research Fellow in the Research 
Laboratory of the Pharmaceutical Society of Great Britain, and 
J. N. Couuiz, F.R.S. 


Tue following communication is the result of some work which was 
undertaken at the request of the British Medical Council, in order to 
ascertain whether cocaine could be estimated in small quantities with 
afair amount of accuracy. We have not attempted to estimate cocaine 
when mixed with those other alkaloids, cinnamyl- and isatrdpyl- 
cocaine, &c., with which it is associated in coca leaves, but have limited 
our experiments to pure cocaine, and the alkaloids, benzoylecgonine 
and ecgonine, which are products of hydrolysis of pure cocaine. 

The results of these experiments may be briefly summarised as 
follows. 

When a solution containing about 1 per cent. of cocaine base (dis- 
solved in water as a salt) is titrated by the addition of WV/10 iodine 
until the supernatant liquid contains excess of iodine, and, after filter- 
ing off the precipitated cocaine hydriodide periodide, the excess 
of iodine left in solution is estimated by means of 7/10 sodium thio- 
sulphate, the amount of cocaine present can be calculated on the 
assumption that all the iodine used has gone to form a compound, 
C,,H,,0,N,HI,I,. 

It was found in practice that when the hydrochloride or sulphate 
was used, double decomposition with the potassium iodide in the ¥/10 
iodine solution occurred, and that therefore, for every molecular quan- 
tity of iodine used, one molecular quantity of cocaine was necessary. 

This cocaine hydriodide periodide is a remarkably stable, crystalline 
compound, and can be obtained in large, glistening crystals of constant 
composition. It was found that the presence of ecgonine, even in 
considerable quantities, did not interfere with the estimation, for any 
compound that may be produced remains in solution. 

Benzoylecgonine, however, does interfere to a considerable extent, 
but by making use of the fact that this base is practically insoluble 
i ether, a separation from the cocaine can be effected by this means, 


and subsequent titration with iodine will give the quantity of cocaine 
present, 


EXPERIMENTAL. 
The cocaine used was in the form of the pure hydrochloride ob- 
tained from Hopkins and Williams, and after most careful testing 
3A 2 


— 
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was considered to be pure; it answered to Maclagan’s and the 
potassium permanganate tests. This hydrochloride, when dissolyed 
in water, was found to be precipitated by a solution of iodine in 
potassium iodide even when the cocaine solution was diluted to 1 in 
50,000 of water. ‘This, therefore, is a very delicate test, and we 
determined to try whether a quantitative method for the estimation 
of cocaine could be based on it. 

First Series of Experiments.—To ascertain how much iodine was 
absorbed by a neutral solution of cocaine hydrochloride when added 
to V/10 iodine solution. 

The strength of the cocaine salt solution was always the same, 
1 gram of cocaine base in 100 ¢.c. of aqueous solution. The iodine 
solution was decinormal, and in every case the cocaine salt solution 
was run into excess of iodine solution. The precipitate was filtered 
off through purified asbestos, and the excess of iodine determined by 
titration with 1/10 thiosulphate solution. In every case, 10 c.c. of 
the cocaine solution were used. 


C.c. of iodine Iodine used Atomic ratio of 
Expt. solution. C.c. used. (gram). cocaine to iodine, 


15 10°88 0°143 1:34 
20 13°5 0°177 1:42 
25 14:53 0-191 1:45 
30 14:87 0°195 1:46 
35 14:97 01965 1:4°7 
35 14°73 0°1932 1:46 
40 15°3 0°201 1:48 
45 15°56 0-204 1:49 
50 15°57 0°2046 1:49 
60 15°9 0°209 1:5°0 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


—_ 


From 3 to 5 hours elapsed between precipitation and filtration in 
every experiment except Nos. 3 and 10. In the case of No. 3, 24 
hours, and in that of No. 10, 17 hours elapsed before the precipitate 
was filtered off. From these results, it will be seen that no definite 
amount of iodine is taken up by the cocaine, and that the larger 
the excess of iodine solution used, the larger the amount of iodine 
absorbed by the hydriodide of the base. 

The precipitated iodine compound was a black, tarry, semi-fuid 
mass. On treatment with ether, a large quantity of iodine was ex 
tracted, leaving a crystalline residue, which, on recrystallisation from 
alcohol, was obtained at once and without difficulty in the form of 
glistening, purple crystals melting at 161°. It can easily be prepared 
in quantity by adding a solution of iodine in potassium iodide to @ 
solution of cocaine hydrochloride. From 4°5 grams of the hydro 
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chloride, taking no special precautions, 6 grams of the pure crystal- 
line substance were obtained. 

It was found that this compound was always produced, no matter 
what salt of cocaine was operated upon, for if the sulphate or the 
chloride were used, the potassium iodide in the iodine solution gave 
potassium sulphate or chloride, and cocaine hydriodide by double de- 
composition, and the precipitated iodine compound was entirely free 
from either sulphuric or hydrochloric acids. 

On analysis, the following numbers were obtained : 


(1) Prepared from the hydrochloride. I=54°2. 
» sulphate. I[=55°2. 
» wt and recrystallised. I =55-6. 
» 9 - C=29°6 ; H=33; N=2'l. 
(,,H,,0,N,HI, requires C = 29°38; H=3:1; N=2°0; 1=55°6 per cent. 


The iodine in the crude, uncrystallised precipitate, obtained by add- 
ing iodine to a solution of the sulphate, was estimated. I=55°6. 

That the hydriodide of cocaine is produced by the addition of 
potassium iodide to a solution of the hydrochloride of cocaine, is 
easily proved, for if strong solutions of the two salts are mixed, the 
sparingly soluble cocaine hydriodide crystallises out. 

Second Series,—In order to see whether the use of more dilute solu- 
tions would affect the results, the following experiments were made. 
A solution containing 1 gram of cocaine base as hydrochloride in 
1000 c.c. water was added to 4/100 iodine solution. In each case, 
10 c.c. of the cocaine solution were used. 


C.c. of iodine Iodine used Atomic ratio of 
Expt. solution. C.c. used. (gram). cocaine to iodine. 


20 7°39 0°00961 1:2: 
30 9°25 0°0120 

40 10°22 0°01329 

50 9°29 0°01210 

30 13°80 0°01795 

40 13°33 0°01734 

50 14-90 0°01938 


In the first four experiments, the precipitate and iodine solution 
were allowed to stand for 12 hours before filtering, in No. 5 for 5 hours, 
and in Nos. 6 and 7 for 48 hours. 

Third Series.—In this series, a stronger solution of cocaine hydro- 
chloride was used, containing 1 gram of base in 100 c.c. of solution, 
This was added to a weak solution of /100 iodine. 

One c.c, of cocaine solution was used in each experiment, 
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C.c. of iodine. Iodine used Ratio of 
Expt. solution. C.c. used. (gram). cocaine to iodine, 


1 30 13°50 0°01756 1:42 
2 40 13°30 0:01730 1:41 
3 50 13°30 001730 1:41 


Fourth Series.—In this series, a solution of cocaine hydriodide con- 
taining 1 gram of base in 100 ¢.c. was added to WV/10 iodine, but as a 
result of seven experiments, the ratio of cocaine to iodine absorbed 
varied from 1 : 3°8 to 1 : 4°6. 

In all these experiments, the cocaine hydrochloride solution had 
been run into the iodine solution ; the reverse was now tried. The 
cocaine hydrochloride solution contained 1 gram of base in 100 ec,, 
and to this was added 4/10 iodine. The precipitate was now found 
to be quite different, as, instead of a black, tarry substance, a pale 
brown, flocculent precipitate was obtained. Moreover, the precipi- 
tated iodine compound was, in each case, collected, dried, and 
weighed ; to obtain precipitates of definite composition, the iodine 
solution must be run in drop by drop with constant agitation. In 
every experiment, 10 c.c. of cocaine solution were used. 


C.c. of iodine Atomic ratio of Weight of ppt. Calculated amt. 
Expt. solution used. cocaine to iodine, (gram). (gram), 


1 6°47 1:1°96 0:2170 0°2252 

6°5 1:1°97 0°2156 0:2252 
6°6 1:2°0 02176 0°2252 
6°47 1:1°96 0°2198 0°2252 
6°62 1:20 0°2226 0°2252 
6 6°63 1:2°0 0°2226 0°2252 


In order to further test this method, solutions were made up, of 
which the operator did not know the strength. The results were as 
follows : 

Found 3:25, 3°35, 3-25 grams, mean 3°28 grams, of cocaine hydro- 
chloride in 500 c.c. of the solution. The real strength was 3°25 grams 
of cocaine hydrochloride in this volume. 

In some more determinations of the same kind, 1-094 and 1091 
grams, mean 10925 grams, of cocaine hydrochloride were found ina 
solution into which 1100 grams had been put. Several more expert 
ments were made with the same result, which showed that by this 
process a method possessing a fair degree of accuracy had been 
devised. 

The next series of determinations were made with mixtures of 
cocaine, benzoylecgonine, and ecgonine. The benzoyl ecgonine was 
prepared by heating pure cocaine on the water-bath with water until 
it had all dissolved. On concentration, benzoylecgonine crystallised 
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out from the solution. From 6 grams of cocaine hydrochloride, 3°35 
grams of benzoylecgonine melting at 197—198° were obtained, the 
theoretical amount being 5-05 grams. 

Although this base forms a periodide, yet the salt is much more 
sluble in water containing potassium iodide than the corresponding 
cocaine compound. For instance, a V/10 solution of iodine added to 
asolution of a salt of benzoylecgonine (1 in 500) gave an opalescence, 
and finally a precipitate. This disappeared on addition of more 
polassium iodide to the solution or on dilution with more water. - 

Ecgonine was prepared by boiling 5 grams of cocaine hydrochloride 
with fuming hydrochloric acid. The resulting benzoic acid was re- 
moved (it weighed 1-7 grams, theoretical amount 1°8), and the solution 
evaporated. The ecgonine hydrochloride was recrystallised from 
alcohol, and gave all the tests for the pure salt. 

Before experimenting with mixtures of cocaine with ecgonine and 
benzoylecgonine, the action of iodine was tried on solution of ecgonine 
salts. To 5 c.c. of ecgonine hydrochloride solution, containing 
001 gram of base, 25 c.c. of W/100 iodine were added carefully, 
but not even an opalescence was produced. On titrating back with 
N/10 thiosulphate solution, 24°85 c.c. were required. In a second 
experiment, 5 c.c. of the same solution treated with 21 c.c. of ¥/100 
iodine solution required 20°99 c.c. 

Even when stronger solutions of ecgonine are used, containing 
1 gram in 100 c.c., the addition of iodine produces merely an 

opalescence, which disappears on adding a little potassium iodide. 

Several estimations of cocaine were made in mixtures containing 
various quantities of cocaine and ecgonine hydrochlorides. 

Present. Found. 


Ecgonine Cocaine Cocaine Error 
base. base. base. per cent. 


1, 0:02 gram 0°02 gram 0°01975 gram -1°2 
2, 006 ,, 002 ,, 002024 ,, +1°2 
3. 001 ,, 003 , 0:02923 ,, ~ 25 


From these results, it seems that cocaine can be estimated in pre- 
sence of ecgonine by this iodine method. It has been already 
stated that, if sufficient potassium iodide is present in the iodine 
solution, benzoylecgonine is not precipitated ; even a solution con- 
taining 1 in 100 of the base with excess of potassium iodide is 
not Precipitated by iodine. The iodine solution itself contained 
potassium iodide, the amount being about 2°5 per cent, 
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Estimation of Cocaine in a Solution containing the Hydrochlorides of 
Cocaine, Benzoylecgonine, and Ecgonine. 


(1) Fifteen c.c. of a solution containing 0°01 gram of each base 
were taken. To this was added 0°25 gram of potassium iodide. After 
titration with V/100 iodine, 0:0127 gram of base was found. 

(2) Another 15 c.c. were used, 0°5 gram of potassium iodide was 
added, and after titration 0°0118 gram of base was found. 

(3) Another 15 c.c., to which was added 1 gram of potassium iodide, 
gave 0°0118 gram of base. 

Evidently, the cocaine periodide carries down some of the benzoyl- 
ecgonine periodide with it. 

Some further experiments were undertaken to-find out exactly how 
much potassium iodide would prevent the precipitation of benzoylecgon- 
ine by means of V’/100 iodine. Four experiments were made, using in 
each case 5 c.c. of a solution of benzoylecgonine hydrochloride contain- 
ing 0°01 gram of base. 

(1) 0°25 gram of potassium iodide used ; after the addition of a few 
drops of iodine solution, a permanent precipitate was obtained. 

(2) 0°5 gram of potassium iodide used ; on adding iodine solution, 
similar result. 

(3) 1 gram of potassium iodide used; no precipitate until 5 c.c. of 
iodine were added. 

(4) 1:5 gram of potassium iodide used; no precipitate even after 
the addition of 20 c.c. of iodine solution. 

One more determination was therefore made with the mixture 
mentioned above containing 0:01 gram of each of the three bases 
as hydrochlorides. After titration, 0°0114 gram was found. This 
result was still too high. But a blank experiment, made under 
exactly the same conditions with a solution containing 0-01 gram 
of cocaine alone, gave 0:0092 gram. The estimation of cocaine in 
presence of benzoylecgonine by this iodine method seems to be im- 
possible, although cocaine in presence of ecgonine can be easily 
determined. : 

However, there is a way out of the difficulty, for both ecgonine 
and benzoylecgonine are not extracted from an alkaline solution by 
either ether or light petroleum. 

0-1 gram of benzoylecgonine was dissolved in about 5 c¢. of 
water. acidified with sulphuric acid; the solution was then made 
alkaline and twice shaken out with ether. The residue after evapot 
tion of the ether weighed 0°0002 gram. 

The same experiment repeated with light petroleum yielded n0 
residue. Exactly the same results were obtained with ecgonin® 
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the ether residue being 0°0002 gram, and that from light petroleum 
nil. 

A mixture of 0°1 gram of cocaine, 0°1 gram of benzoylecgonine, and 
0‘ gram of ecgonine similarly treated, on being shaken out twice with 
ether, yielded a residue weighing 0°1008 gram. This residue was dis- 
solved in water and hydrochloric acid and titrated with iodine solution, 
It gave 0°0965 gram of cocaine. 


ResEARCH LABORATORY OF THE PHARMACEUTICAL 
Society oF GREAT BRITAIN. 


LXXIII.—WNote on Acetonylacetone. 


By Tuomas Gray. 


Tue physical constants of acetonylacetone, determined with a product 
which had been carefully purified by repeated fractionation under 
diminished pressure, appear in a paper by Knorr (Ber., 1900, 33, 
1219). 

As the ketone which was used for this purpose gradually acquired a 
yellow tinge, it was considered desirable to attempt further purifica- 
tion by conversion into the sodium bisulphite compound, and to re- 
determine the constants of the ketone isolated therefrom. 

The bisulphite compound was prepared in the usual way, pressed in 
a hydraulic press, and dried in a vacuum over sulphuric acid. On 
analysis : 


05368 gave 0°2222 Na,SO,. Na,O=18:°07. 
C,H,,0,,2NaHSO,,H,O requires Na,O = 18°23 per cent. 


The ketone was regenerated from the bisulphite compound by 
boiling with potassium carbonate solution, and extracted with ether 
from free alcohol. 

The inder of refraction, nz", of the product was 1-423. It was 
redistilled under 300 mm. pressure, and collected in two fractions : 


pS ee nv = 1°4230 
Fraction II. nv = 1°4232 


The value of the specific gravity was the same. as that previously 
obtained. 


Table of constants. 


Specific gravity, d3” 

Index of refraction, n2” 

Molecular refraction, Hx, 

The ketonic formula, CH,*CO-CH,-CH,-00-CH,, ae oe 
» enolic, OH, O(OH):CH-CH:C(0H)-CH, ,, 31°98 
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The behaviour of acetonylacetone towards alkali and metallic 
sodium is noteworthy, as it affords an explanation of the failure of g 
number of condensations which were attempted according to Claisen's 
method. Interaction with ethyl formate, benzoate, acetate, and suc. 
cinate resulted in the formation of resinous substances. In the case 
wf ethyl oxalate already reported (Ber., 1900, 33, 1220), the reaction, 
however, proceeded normally. 

If a few drops of caustic soda solution are added to acetonylacetone, 
the ketone rapidly acquires a yellow colour, and a brown resin 
separates out on standing. 

Metallic sodium also reacts readily with the ketone in ethereal 


solution, and is gradually converted into a brown powder, from which, A 
on solution in water and acidification, a resinous mass is obtained. subst 

Hydrogen chloride and concentrated sulphuric acid rapidly resinify ether 
acetonylacetone. In both cases, a dark-coloured semi-solid mass was twice 
formed. This yielded, on addition of water, a black, charcoal-like mass Th 
from which a yellow substance was extracted by alcohol. As this expr 
could not be obtained in a crystalline condition, it was not further () 
examined. 

The results of numerous experiments with acetonylacetone lead me 
to conclude that the ketone will not prove of general value for 
synthetical purposes. The work of Knorr has made it possible to C 
prepare large quantities of the substance conveniently, and thus 
opened up an apparently promising field for research. On this account, 
it seems desirable that the great instability of acetonylacetone towards 
alkalis and acids should be placed on record. 

CHEMICAL LABORATORY, - 
JENA UNIVERSITY. 
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LXXIV.—Condensation of Acetonylacetone with xa 

6 we 

Hydraxne Hydrate. ais 

By Tomas Gray. pre 

ACETONYLACETONE reacts readily with hydrazine hydrate with develop . 
ment of heat. If the two substances are mixed in molecular propor- | 
tion, a basic compound possessing the formula C,,H,)N, is formed. oa 
Interaction with excess of acetonylacetone results in the formation of a 
a highly unstable, crystalline substance, the composition of which is a 
expressed by the formula C,,H,,N,. o. 


The condensation in molecular proportion may theoretically take 
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place in a variety of ways. The observation by Knorr, that phenyl- 
qninodimethylpyrrole is produced by the action of phenylhydrazine 
on acetonylacetone, points to the probable formation of aminodimethyl- 
pyrrole, = aa NH,, whilst the formation of triphenyldi- 
bydropyridazine from dibenzoylphenylethane (Smith, Annalen, 1896, 
C,H,*CH-CO-C,H, C,H,-C—O(O,H,)-NH 

80, 316), " CH,°00-0,H, ~ OE: C , 
(C,H;): NH 

H:0(CH;)-NH 
C(CH,): ‘N H’ 


makes 


it possible that dimethyldihydropyridasine, 1 OH: may be a 


product of the condensation. 

A number of determinations of the freezing point of solutions of the 
substance in benzene and in water, and of the boiling point of the 
ethereal solution, gave values for the molecular weight which were 
twice as large as that required by the formule given above. 

The structure of the condensation product is, therefore, probably 
expressed by one of the two following formule : 


CH,-C-CH,CH,-C-CH, 
NH-C(CH,):CH-CH:C(CH,)-NH 
NH-C(CH,):CH-CH:0(CH,)‘NH’ 


i *y 
CH,-0-CH,-CH,-G-CH, 


EXPERIMENTAL. 


Condensation of Acetonylacetone and Hydrazine Hydrate in Molecular 
Proportion. 


Fifteen grams of hydrazine hydrate were slowly added to 34°2 grams 
of acetonylacetone cooled in water, and the mixture was then allowed 
to stand for about an hour. It was afterwards dissolved in ether, 
dried over potassium carbonate, and distilled under diminished pressure 
in hydrogen. The bulk of the product (24:5 grams) distilled over be- 
tween 160° and 175° under 20 mm. pressure, This was rectified by 
distillation, and a pure product boiling at 157—158° under 13 mm. 
pressure was obtained. The distillate crystallised in the condensing 
tube at the beginning of the distillation, but after it had been melted 
it remained liquid for several days. 

The substance thus prepared was a slightly yellow, highly viscous 
oil, which, after having stood for several days at the ordinary temper- 
ature, began to crystallise, and was slowly converted into a solid, 


White, crystalline mass composed of rhombohedral crystals. On 
analysis ; 
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0°2168 gave 05192 CO, and 01702 H,O. C=65°31; H=8-79, 

02156 ,, 0°5160CO, ,, 01796 H,O. C=65-27; H=9-95, 

01784 ,, 38°6 c.c. nitrogen at 15° and 757 mm. N=25-24, 
C,H. N, requires C= 65°45 ; H=9-09 ; N = 25-45 per cent, 


Determination of molecular weight : 


Depression of 
Wt. of subst. Wt. of solvent. freezing point. m. 


f 0°3468 12°98 benzene 0°64° 208 
0°2344 14°67 water 0°13 227 
0°5164 90 a 0:29 224 


The values 222, 227, and 200 were obtained by Walker and 
Lumsden’s modification of Landsberger’s method, using ether as the 
solvent. C,H, )N, requires m= 220, 

The condensation product is readily soluble in water, alcohol, ether, 
or benzene. It rapidly absorbs oxygen from the air, becoming dark 
brown in colour, and behaves as a reducing agent. On adding silver 
nitrate or Fehling’s solution to an aqueous solution of the substance, 
no immediate change is noticed, but reduction takes place slowly in 
the cold and quickly on boiling. The aqueous solution is neutral to 
litmus, but the substance possesses basic properties. On addition of 
an ethereal solution of the base to excess of a solution of hydrogen 
chloride in ether, a white, crystalline precipitate of the hydrochloride 
is produced. 

The hydrochloride prepared in this way was washed with dry ether 
and dried in a vacuum, first over concentrated sulphuric acid, and 
finally over soda lime to remove any excess of acid ; it is highly deli- 
quescent. On analysis : 


0°5166 gave 0°5073 AgCl. HCl=24:'97. 
0°4258 ,, 04185 AgCl. HCl=24-99. 
C,,H.)N,,2HCl requires HCl = 24°91 per cent. 


The platinichloride was obtained as a sparingly soluble, yellow pre 
cipitate on addition of platinic chloride to an aqueous solution of the 
hydrochloride. It was washed with water, ‘alcohol, and ether, and 
dried in a vacuum over sulphuric acid, as it was found to undergo de- 
composition when heated in an air-bath at 110—120°. On ignition: 


0°6148 gave 0°1930 Pt. Pt=31°39. 
C,,.H,)N,,H,PtCl, requires Pt = 31°02 per cent. 


Condensation of Acetonylacetone with Eacess of Hydrazine Hydrate. 


Acetonylacetone (6°3 grams) was gradually added to hydrazine 
hydrate (6 grams) cooled-in water; separation of crystals took place 
almost immediately, and the mixture quickly solidified, forming 4 
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hite, crystalline mass. The crystals were dried on a porous plate 
and erystallised from methyl alcohol. The substance thus obtained 
lad nota sharp melting point, on account of slight decomposition 
during the operation of crystallising. It was therefore repeatedly 
eystallised, and analysed after each crystallisation. On analysis, after 
we, two, and four crystallisations : 


I, 0163 gave 48°3 c.c. nitrogen at 23° and 748 mm. N=33°15. 
1. 0184 ,, 0°384¢.c. CO, and 0:1562H,O. C=56-91; H=9-43. 
0142 ,, 42°2 c.c. nitrogen at 22° and 743 mm. N=33°'19. 
II 0183 ,, 0°3836 CO, and 0°1564 H,O. C=57:16; H=9-49. 
01382 ,, 40:4 c.c. nitrogen at 22° and 755 mm. N=33°18. 
C,,H.,.N, requires C=57'14; H=9'52; N=33°33 per cent. 


The substance crystallises from methyl alcohol in prisms melting 
at 130—132°. It dissolves readily in alcohol, but is only sparingly 
wluble in water, benzene, or ether. On exposure to air, it acquires 
a yellow colour and gradually decomposes with liquefaction. It is 
a powerful reducing agent; platinic chloride is reduced to platinous 
chloride with evolution of nitrogen, whilst gold chloride, silver 
nitrate, and Fehling’s solution are reduced in the cold. If mercuric 
oxide is added to a solution of the substance in methyl alcohol, 
rapid oxidation takes place with evolution of nitrogen. The sub- 
stance is readily decomposed by acids, with formation of hydrazine 
salts, Even such feebly acid substances as picric and picrolonic 
acids effect this decomposition. The picrate had the crystalline 
form of hydrazine picrate and decomposed at 189—190°. 

A picrolonate was obtained as a yellow, crystalline precipitate by 
adding a solution of picrolonic acid in alcohol to an alcoholic solu- 
tion of the substance. It was found to be identical with hydrazine 
picrolonate, which was prepared for the purpose of comparison. On 
analysis : 


01580 gave 0°2334 CO, and 0:0548 H,O. C=40:29; H=3°85. 
01376 ,, 346 cc. nitrogen at 22° and 750 mm. N=28°35. 
N,H,'C,,H,O,N, requires C = 40°54 ; H=4:05 ; N= 28-38 per cent. 


Hydrazine picrolonate crystallises from alcohol or water in the form 
of bow-shaped prisms or needles which decompose at 262°. It is 
sparingly soluble in alcohol and in water. 

An attempt to determine the molecular weight of the product of the 
condensation of acetonylacetone with excess of hydrazine hydrate by 
the boiling point method, using methyl alcohol as a solvent, was 
unsuccessful, as the substance was found to undergo decomposition, 
The sparing solubility of the product in the solvents commonly used 
for the determination of the freezing point precluded the use of this 
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method, The analyses show that the reaction took place between 
2 mols, of the ketone and 3 mols, of hydrazine hydrate, Th 
structure of the product is, therefore, probably represented by the 
formula : ' 


NH. N. 
> O(CH,)CH,*CH,-C(CH,)<j,>C(CH,)-OH,-CH,: OCH) 


The author desires to express his indebtedness to Prof. L, Knorr, 
at whose suggestion the investigation of the properties of acetonyl- 
acetone was undertaken, for his kind advice during the prosecution of 
the work. 


JENA UNIVERSITY AND QUEEN MARGARET COLLEGE, 
GLASGOW, 


LXXV.—Preparation and Properties of 2: 6-Dibrom- 
4-nitrosophenol. 


By Martin Onstow Forster and W1Lu1AM Rosertson, A.R.C.8. 


THE observation that camphoroxime is converted into 1 : 1-bromo- 
nitrocamphane by the action of an alkaline solution of potassium 
hypobromite (Trans., 1899, '75, 1141) has led us to examine the be 
haviour of this agent towards a large number of isonitroso-compounds. 
Among the first of these was p-nitrosophenol, because this substance 
may be regarded as the simplest of benzenoid oximes in which the 
nitrogen atom is attached directly to the aromatic nucleus. 

When p-nitrosophenol is dissolved in caustic potash, and treated 
with an alkaline solution of potassium hypobromite, lustrous, dark- 
green leaflets are deposited, consisting of the potassium derivative of 
dibromonitrosophenol, C,H,Br,(OH)*NO, but on examining the litera- 
ture relating to this substance, we found it so contradictory as to render 
doubtful the identity of our product. 

According to O. Fischer and Hepp (Ber., 1888, 21, 674), a solution 
of bromine in alcohol converts p-nitrosophenol into 2 :6-dibromo- 
4-nitrosophenol. These authors mention that it crystallises from 
dilute alcohol in leaflets, but do not state the temperature at which it 
melts.- Bridge affirms that the method of Fischer and Hepp gives rise 
to at least two, and perhaps three, compounds (Annalen, 1893, a7", 
102), and represents the preponderating constituent of the mixture as 
crystallising from toluene in brown needles, which melt and decompose 
at 170°. A reference to dibromonitrosophenol is made by Kehrmann 
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(Ber., 1888, 21, 3318), who treated m-dibromoquinone with hydroxyl- 
amine hydrochloride, obtaining 2 : 6-dibromo-4-nitrosophenol which, 
seording to this author, crystallises from dilute alcohol in thin, 
Instrous, pale yellow leaflets, decomposing at 145°, and is “ zweifellos 
identisch” with the compound described by Fischer and Hepp. 

The statements of Bridge and of Kehrmann cannot be reconciled 
yith one another, and as they afforded us no assistance, we consider it 
desirable to place on record an account of the properties of the dibromo- 
titrosophenol in question. 

The results of our investigation show that the compound obtained by 
theaction of potassium hypobromite on p-nitrosophenol is the potassium 
derivative of 2 : 6-dibromo-4-nitrosophenol, and that this process for 
dbiaining the substance is a much more satisfactory one than those 
already described. 


Action of Potassium Hypobromite on p-Nitrosophenol. 


The p-nitrosophenol employed in these experiments was prepared 
from phenol and nitrous acid, according to the directions of von Baeyer 
nd Caro, 150 grams of the nitroso-derivative being obtained from 
120 grams of phenol. 

Twelve hundred grams of caustic potash were dissolved in 1600 e.c. 
of water, and allowed to cool ; a considerable quantity of crushed ice 
vas added, followed by 800 grams of bromine. The liquid was then 
poured into a solution of 200 grams of p-nitrosophenol in 1000 c.c. of 
water containing 250 grams of caustic potash. After an interval of 
I2hours, a considerable quantity of the green potassium derivative 
had become deposited, and the deep brown liquid was therefore decanted 
from the crystals, which were then collected with the aid of » filter 
pump, and drained on porous earthenware. The dried product weighed 
226 grams, but the comparatively low yield, which amounts to only 43 
per cent. of that required by theory, is, to some extent, counterbalanced 
by the pure condition in which the substance is obtained. 

When acetic acid is added to an aqueous solution of the potassium 
derivative, a yellow precipitate of 2: 6-dibromo-4-nitrosophenol is 
obiained. This compound crystallises from alcohol and from glacial 
acetic acid in long, dark brown, prismatic needles, having a violet 
tex; it darkens at about 160° and detonates at any temperature 
between 168° and 175°, according to the rate at which the temperature 
israised. On analysis : 

02164 gave 0:2036 CO, and 0:°0277 H,O. C=25°66; H=1-42, 

02239 ,, 0:2985 AgBr. Br=56-73. 

0,H,0,NBr, requires C = 25°62 ; H=1°07 ; Br= 56°94 per cent. 


Dibromonitrosophenol is sparingly soluble in hot water, from which 
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it crystallises in slender, pale yellow needles. It dissolves in sodium 
carbonate and in concentrated sulphuric acid, from which it is pred- 
pitated on adding water. 

The potassium derivative, produced in the manner described above, 
forms lustrous green leaflets having a slight bronze reflex. It dis. 
solves very readily in water, forming a deep brown solution which 
becomes yellowish-green when diluted. 


0°2157 gave 0:0549 K,SO,. K=11-41. 
0,H,O,NBr,K,H,O requires K = 11°57 per cent. 


The salt crystallises from water in green leaflets which are so dark 
as to appear almost black ; alkalis precipitate it from aqueous solutions 
in pale green scales. 

The acety/ derivative, prepared by heating 5 grams of the dibromo- 
nitrosophenol with 50 c.c. of glacial acetic acid and 5 c.c. of acetic 
anhydride in a reflux apparatus during one hour, is readily soluble in 
hot alcohol, from which it crystallises in lustrous, crimson needles, 
It melts and decomposes at 122°, 


0:2360 gave 0:2746 AgBr. Br= 49°53. 
C,H,O,NBr, requires Br = 49°53 per cent. 


The benzoyl derivative, obtained from the potassium derivative by 
the Schotten-Baumann method, dissolves very sparingly in alcohol ; 
it is moderately soluble in ethyl acetate, from which it crystallises in 
lustrous, yellow needles melting at 197°. 


0°2156 gave 0:2096 AgBr. Br=41°36. 
C,,H,O,NBr, requires Br=41'56 per cent. 


Bridge (loc. cit.) prepared the benzoyl derivative of dibromonitroso- 
phenol obtained according to the directions of Fischer and Hepp ; he 
states that the substance melts at 191° 


Oxidation of 2 : 6-Dibromo-4-nitrosophenol. 


With the object of ascertaining the position of the substituents in 
the dibromonitrosophenol obtained by our process, we have oxidised 
the substance under various conditions, expecting to convert it into 
2 : 6-dibromo-4-nitrophenol, which melts at 142°. 

The two agents recommended for the oxidation of nitrosophenol to 
nitrophenol are alkaline potassium ferricyanide, and concentrated 
nitric acid. Neither of these is suitable to the present case. An 
alkaline solution of potassium ferricyanide is without action on 
dibromonitrosophenol unless heated with it, when a very dark, crys 
talline substance is produced, which is certainly not a dibromonitro- 
phenol. Experiments with potassium permanganate were equally 


hol ; 
8 in 
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unsuccessful ; oxidation takes place to a considerable extent, but not 
in the direction required, because the filtrate from the manganese’ 
oxide, when acidified with acetic acid, yields unaltered dibromonitroso- 
phenol. 

Concentrated nitric acid is, for another reason, equally unadapted 
to the purpose in view. On treating dibromonitrosophenol with 
nitric acid (sp. gr. 1°42), a change began at once; at first the liquid 
was cooled to moderate the action, and finally warmed until the solid 
dissolved. The crystals which separated from the cold liquid 
were drained on porous earthenware and recrystallised from alcohol, 
which deposited aggregates of transparent, canary-yellow prisms melt- 
ing at 117°. This substance, however, is nota dibromonitrophenol, but 
a bromodinitrophenol, nitric acid having simultaneously displaced a 
bromine atom and oxidised the nitroso-group. In view of the fact 
that 2:4-dibromo-6-nitrophenol melts at the same temperature, we 
prepared this substance from o-nitrophenol and bromine water, and 
also obtained a specimen of 2-bromo-4 : 6-dinitrophenol from tribromo- 
phenol and fuming nitric acid ; on comparing these two substances in 
turn with the derivative obtained from dibromonitrosophenol and con- 
centrated nitric acid, and observing the melting point of mixtures, it 
was quite clear that the compound obtained from 2: 6-dibromo-4- 
nitrosophenol in the manner described is 2-bromo-4 : 6-dinitrophenol. 


~ AN 
Br’ “Br NO,“ “Br 
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The oxidation to dibromonitrophenol was ultimately effected by 
means of dilute nitric acid. Two grams of finely powdered dibromo- 
nitrosophenol were suspended in 10 c.c. of nitric acid prepared by 
diluting 5 c.c. of the concentrated acid (sp. gr. 1-42) with 10 c.c. of 
water, After an interval of 24 hours, it was noticeable that the 
greenish colour of the substance had changed to yellow, and when the 
liquid had remained at the temperature of the laboratory during a 
period of 66 hours, it was diluted with water ; the product, after being 
twice recrystallised from alcohol, melted at 142°, and decomposed im- 
mediately afterwards. It agreed in every respect with a specimen of 
2: 6-dibromo-4-nitrophenol prepared from tribromophenol and nitric 
acid according to Armstrong and Harrow’s directions (this Journ., 
1876, 29, 477). 
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Reduction of 2 :6-Dibromo-4-nitrosophenol. 


Fischer and Hepp state that when dibromonitrosophenol is reduced 
with tin and hydrochloric acid, 2: 6-dibromo-4-aminophenol is formed, 
and describe the base as crystallising in faint red prisms which melt 
at 189°. Following the lines indicated by these authors, we reduced 
2 : 6-dibromo-4-nitrosophenol, and obtained a specimen of 2 : 6-dibromo-4. 
aminophenol crystallising in colourless prisms ; the substance has ap 
indefinite melting point, as it darkens gradually when heated, decom. 
posing at about 190°. Crystals deposited from the mother liquor were 
pale red, but the purified substance is colourless. 

The benzoyl derivative was prepared by agitating the base with 
benzoyl! chloride in presence of caustic soda, and afterwards saturating 
the liquid with carbon dioxide. It crystallises from alcohol in slender, 
white needles melting at 208° ; the substance becomes pink on exposure 
to sunlight. 
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LXXVI.—Alkylation of Acylarylamines. 
By G. Druce LaNnpER. 


Tue author has shown (Trans., 1900, ‘77, 737) that by the action of 
dry silver oxide and ethyl iodide on acetanilide, ethyl csoacetanilide, 
CH,*C,(OEt):N-CH,, can readily be prepared. The alkylation of 
other acylarylamines by the same means is described in the present 
paper, imino-ethers having been prepared from acetanilide, aceto- 
and -p-toluidides, aceto-a- and -B-naphthalides, benzanilide, ethyl or 
anilate, and oxanilide. Several imino-ethers, in which the iminic 
hydrogen atom is replaced by an aromatic radicle, have been obtained 
previously, for example, N-phenylformimino-ethers from silver form- 
anilide (Comstock and Klerberg, Amer. Chem. J., 1879, 12; 498); 
N-phenylbenzimino-ethyl ether from benzimino-ethyl ether hydro 
chloride and aniline (Lossen, Annalen, 1891, 265, 138), and semi-N- 
phenylamino-oxalic dimethyl ether from methyl dichloro-oxalate and 
aniline (Anschiitz and Stiepel, Ber., 1895, 28, 61; Annalen, 18%, 
306,11). The use of an alkyl iodide and dry_silver oxide seems 
however, to afford a general method for the preparation of imino-cthers 
of this constitution. Names recalling the iminic character of the ethers 
described in this paper are used instead of the term alkyl isoether 
formerly employed. 
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The most valuable evidence of the constitution of these imino-ethers 
is afforded by their usually ready hydrolysis by dilute hydrochloric 
acid into primary arylamine and, according to the conditions observed, 
sither acid and alcohol or ester. All the imino-ethers deseribed in 
this paper are liquids at the ordinary temperature, as also, apparently, 
are the N-ethyl acetotoluidides, but the boiling points of the isomeric 
compounds are widely different. Claisen, in a paper on formanilide 
(Annalen, 1895, 287, 362), has drawn attention to the fact that, whilst 
the O-ethyl ethers of true oxymethylene compounds boil at higher tem- 
peratures than the substances from which they are obtained, the boiling 
point of O-ethyl formanilide is 82° lower than that of formanilide, a 
fact which lends additional weight to the supposition that the anilides 
(and amides) actually contain the group ‘CO-NH~. The same fact is 
also well brought out in the subjoined table by a comparison of the 
boiling points of several isomeric pairs of N- and O-ethers : 


N-ethers. O-ethers. 
Acetanilide methyl 253° 197° 
Acetanilide ethyl 2581 207—208 
Aceto-o-toluidide methyl 252 212 
Aceto-o-toluidide ethyl 254—256? 222 
Aceto-p-toluidide ethyl 258% 232 
Oxamic ester ethyl 244246 175% 
Urethane ethyl 1387 


I. Alkylation of Acetanilide. 
Action of Methyl Iodide and Dry Silver Oxide on Acetanilide. 


The following experiment resulted in the formation of N-phenyl- 
acetimino-methyl ether, associated, however, with a nearly equal 
quantity of the isomeric N-methylacetanilide. 

A mixture of 46 grams of dry silver oxide with a solution of 135 
grams of acetanilide in 57 grams of methyl iodide and 20 c.c. of 
benzene was boiled for 14 hours. On distillation under 11 mm. pres- 
sure, 5 grams of a colourless, pleasant-smelling liquid boiling at 
95—105°, a small fraction (0°5 gram) of rapidly rising boiling point, 
and thereafter a solid fraction boiling below 190°, were obtained. 

The liquid fraction was divided by redistillation under atmospheric 


1 Pictet and Crépieux, Ber., 1888, 21, 1108. 

? Reinhardt and Stiadel, Ber., 1883, 16, 31. 

3 Norton and Livermore, Ber., 1887, 20, 2271. 
4 Wallach, Annalen, 1877, 184, 59. 

5 Nef, Annalen, 1895, 287, 288. 

6 Wiirtz, Jahresb., 1854, 565. 

7 Hantzsch and Mai, Ber., 1895, 28, 2470. 
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pressure into two parts boiling at 195—197° and 197—200° respe. 
tively, the latter of which was analysed : 


0°1271 gave 0°3366 CO, and 00850 H,O. C=72-22; H=7-43, 
C,H,*N:C(OMe)-CH, requires C= 72°48 ; H = 7-38 per cent. 


The identity of the liquid with N-phenylacetimino-methy] ether was 
proved by its ready hydrolysis by hydrochloric acid, and by its conyer. 
sion into diphenylethenylamidine (m. p. = 131—132°) on warming with 
aniline. Péi'tinic chloride added to a cold, freshly prepared solution of 
the imino-ether . | -..e hydrogen chloride caused the separation of 
aniline platinichloride (Pt = 32°77 per cent.). 

The solid distillate fused below 100°, and after recrystallisation from 
benzene, and from a mixture of benzene and light petroleum, melted 
at 99—100°; it was identified as N-methylacetanilide. 


Found C=72:29; H=7:42; N=9-80. 
C,H,,ON requires C= 72°48; H=7°38; N=9-39 per cent. 


The simultaneous formation of both N- and O-methyl ethers in the 
methylation of acetanilide(compare also the case of aceto-o-toluidide, and 
of aceto-p-toluidide) is at first sight a somewhat puzzling phenomenon. 
It was thought that the difference in the action of methyl and ethyl 
iodides on anilide and silver oxide might be due either to the lower 
temperature obtaining during methylation, or to the considerably 
smaller solubility of the anilide in methyl iodide. The speed of reaction 
could scarcely determine the difference, for methy] iodide acts equally as 
rapidly as ethyl iodide, if not rather more rapidly than it. 

A number of comparative experiments were carried out in which 
the conditions of reaction were made as nearly as_ possible alike. 
Addition of benzene prior to ethylation was tried, in order to examine 
the influence of this solvent. Other preparations were carried out in 
which the solubility of the anilide and the temperature of the gently 
boiling liquid were reduced to approximately those obtaining during 
methylation by addition of ether. In most cases, from 9 to 11 grams 
of ethyl imino-ether were obtained from 13°5 of anilide, and the small 
quantities of solid, obtainable by pursuing the distillation after 
separation of the main product, proved to be acetanilide. In every 
instance, a mixture of the two methyl ethers was obtained. Although 
N-ethyl ethers were never isolated as products of any of the alkylation 
experiments described in this paper, it is still possible that they may 
have been formed in quantities too small for detection. 

A partial explanation of the anomalous reaction with methyl iodide 
is afforded by the fact that N-phenylacetimino-methy] ether suffers i 
complete molecular rearrangement on boiling for a few hours under 
the atmospheric pressure. 


ses 
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Similar observations of the lability of alkyl groups in the enolic or 
Q.tbers have been made in the case of imino-ethers by Wheeler and John- 
wn (Ber., 1899, 32, 35) and by Wislicenus and Goldschmidt (Ber., 1900, 
93, 1467) ; in the case of phenyl vinyl ethers by Claisen (Ber., 1897, 
9p, 2932) ; and in the case of acyl groups in ‘CH,*CO compounds by 
Claisen and Haase (Ber., 1900, 33, 3780) and by Wislicenus and Kérber 
(Ber., 1901, 34, 218). 

A further discussion of these interesting and theoretical’ significant 
phenomena is deferred for the present, as _;, ,;or. hopes to be 
able to carry out further experiments bearing on this point with some 


of the imino-ethers described in this paper. 


II. Alkylation of Aceto-o-toluidide. 
Action of Ethyl Iodide and dry Silver Oxide on Aceto-o-toluidide. 


This reaction led, so far as could be ascertained, to the exclusive 
formation of N-o-tolylacetimino-ethy! ether. 

A mixture of 35 grams of dry silver oxide with a solution of 
15 grams of toluidide in 48 grams of ethyl iodide diluted with a little 
benzene was boiled for 14 hours, On distillation under 20 mm. 
pressure, 14 grams of a colourless liquid boiling at 125—130° were 
obtained. The residue fused at 110° after recrystallisation and was 
wichanged aceto-o-toluidide. No N-ethylaceto-o-toluidide could be de- 
tected. The liquid imino-ether boiled at 222° under 740 mm. pressure, 
On analysis : 


0:12 gave 8°2 c.c. moist nitrogen at 11° and 752mm. N=8-04. 
CH,°C,H,°N:C(OEt)-CH, requires N= 7:91 per cent. 


After boiling a small quantity of N-o-tolylacetimino-ethyl ether 
with moderately strong hydrochloric acid for a few seconds, addition 
of platinic chloride in aqueous solution precipitated a double salt 
containing Pt=24°2 percent. From a solution prepared wi‘h cold 
dilute acid, the same reagent precipitated the platinichloride of the 
imino-ether, the salt being air-dried for analysis. 


0'3280 gave 00840 Pt. Pt=25°61. 
(C,,H,,ON),,H,PtCl, requires Pt = 25:50 per cent, 


The same salt melting at 171° with decomposition was also formed 
ina state of purity (Pt = 25°66 per cent.) when platinic chloride was 
added to the cold aqueous solution of the imino-hydrochloride 
described below. The base liberated either from the platinichloride, 
or from the cold, freshly prepared solution of the imino-ether in dilute 
hydrogen chloride by potassium hydroxide, gave no yellow coloration 
with hypochlorite and was therefore free from o9-toluidine, 
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The hydrochloride of N-o-tolylacetimino-ethy] ether was precipitated 
as a somewhat sticky mass when a solution of hydrogen chloride in 
dry ether was added to a light petroleum solution of the imino-ether, 
Dried on a porous tile over potash, it formed a hard, white crust, soften. 
ing at 89° and fusing at 90—91° with copious evolution of gas (ethyl 
chloride), leaving a residue of aceto-o-toluidide, a behaviour which js 
characteristic of imino-ether hydrochlorides. 

As indicated above, the hydrochloride is soluble without decomposi- 
tion in cold water, but a solution of the salt in undried alcohol and - 
ether deposits o-toluidine hydrochloride (m. p. 211°) on prolonged 
standing. 


Action of Methyl Iodide and dry Silver Oxide on Aceto-o-toluidide, 


Methylation of aceto-o-toluidide by means of silver oxide and methy| 
iodide resulted in the formation of a mixture of both N- and O-ethers 
in a manner analogous to that followed in ‘the methylation of acet- 
anilide. It was thought probable that the relatively great stability of 
the o-tolylacetimino-ether might prevent the formation of the isomeric 
N-ether. Indeed, as a comparison with the methylation of acetop- 
toluidide shows, the pressure of the o-methyl group actually seems:to 
prevent the formation of N-ether to a greater extent than the presence 
of a p-methyl group. 

Thirty-four grams of dry silver oxide were added to a warm solution 
of 15 grams of aceto-o-toluidide in 42 grams of methyl iodide and 
20 c.c. of benzene, and the mixture boiled-for 4 hours. By two dis- 
tillations under about 20 mm. pressure, the product was divided into 
three fractions boiling at 99—105°, 105—120°, and 120—145° re 
spectively, and by further distillation under atmospheric pressure into 
a liquid fraction boiling at 210—214° which was the imino-ether, s 
mixed liquid fraction boiling at 214—250°, and a fraction boiling at 
252° which solidified, and after drying on a porous tile melted at 
55—56°. This solid was evidently N-methylaceto-o-toluidide which 
melts at 56° (Nolting, Ber., 1878, 11, 2279). 

The fraction boiling at 210—214° was identified as N-o-tolyl 
acetimino-methyl ether, CH,*C,H,*N:C(OMe)-CHg. 

0°0960 gave 6-9 c.c. moist nitrogen at 13° and 756 mm. N=8'42. 

C,,H,,ON requires N =8'58 per cent. 

It showed the same relative stability towards acids as the imino 
ethyl ether, and when dissolved in cold dilute hydrochloric acid gave 
needle-shaped crystals of the imino-platinichloride on the addition of 
platinic chloride ; these were air-dried for analysis : 


0'2760 gave 0:0740 Pt. Pt=26°81. 
(C,>H,,ON),.,HPtOl, requires Pt = 26°47 per cent. 
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The amino-hydrochloride, prepared by the method used for the ethyl 
derivative (p. 694), melted with evolution of gas at 79—80°, leaving 
gresidue of aceto-o-toluidide. By solution in cold water and addition 
of strong aqueous platinic chloride, the pure imino-platinichloride 
(Pt=26'45 per cent.) was obtained; this melted at 169° with -de- 
composition. 

The relative stability of the o-tolylacetimino-ethers presents a case of 
the stereochemical hindering of reaction which, perhaps, might quite 
well be anticipated. V. Meyer’s ‘esterification law’ does not, how- 
ever, seem to apply to a notable extent to o-toluic acid, which undergoes 
esterification almost as readily as its p-isomeride. 

N-o-tolylacetimino-ethyl ether, dissolved in cold dilute hydrochloric 


' acid, suffers slow hydrolysis, the rapidity of development and the 
thy! depth of the o-toluidine hypochlorite coloration increasing with time 
hers of standing. 

cet The orientation seems also to exercise a marked influence on the 
y of formation of amidines. When 3°5 grams of N-o-tolylacetimino-ethyl 
eric ether were warmed for 3 hours at 90—-100° with 2-1 grams of o- and 
O-p- ptoluidine respectively, and the products converted into hydriodides, 
eto 04 gram of insoluble or amidine salt was obtained from the former, 
nee and 4:1 grams, or 55 per cent., from the latter. The presence of 


methyl groups in the ortho-position in the imino-ether and in th 
amine seems to inhibit this type of condensation. 

It may also be added, that whereas N-methylaceto-p-toluidide can 
be readily hydrolysed by strong caustic alkali, the o-isomeride, under 
the same conditions, is notably more stable. 

As will be seen from the experiments described on p. 697, N-a-naph- 

thylacetimino-ethy] ether is much less stable than the o-tolyl compound, 
from which it would appear that an o-phenylene group exercises less 
influence in hindering hydrolysis by acids than an o-methyl group. 
_ ln view of the relatively great stability of the o-tolylimino-ethers, 
it was thought that the hitherto unknown o0-toluoimino-ether, 
CH,-0,H,C:NH-OEt, might be prepared from o-toluamide by means 
of silver oxide and ethyl iodide, and that it would probably be an ether 
of the same relative stability as the N-o-tolylacetimino-ethers. This 
ether cannot be prepared from o-toluonitrile (Pinner, Imidoither, 63), 
a failure for which stereochemical explanation at once suggests itself. 
Since, however, stereochemical hindering is not manifested in the pro- 
cess of salt formation, the ether might be expected to be formed readily 
by the alkylation of toluamide* in a manner analogous to that followed 
in the alkylation of benzamide, but experiment showed that only 
otoluonitrile was obtained. 


* The amide fused at 141°, instead of 138°, as given in the literature, 
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Ill. Alkylation of Aceto-p-toluidide. 
Action of Ethyl Iodide and Dry Stlver Oxide on Aceto-p-toluidide, 


The ethylation was carried out by boiling together for 4 hours, 35 
grams of silver oxide, 20 grams of aceto-p-toluidide, 48 grams of ethyl] 
iodide, and 20 c.c. of benzene. A considerable amount of the tolu- 
idide escaped reaction ; the proportion 14 mols. of the oxide to 1 mol, 
of the acetyl compound seems the most suitable. The liquid 
imino-ether, amounting to 12 grams, was separated from unchanged 
aceto-p-toluidide by distillation ; it boiled at 125—130° under 12 mn,, 
and at 232° under atmospheric pressure. No N-ethylaceto-p-toluidide 
could be detected. 


0°1430 gave 9°9 c.c. moist nitrogen at 15° and 760 mm. N=8°09. 
©,,H,,ON requires N=7:91 per cent. 


When a small quantity of this ether was dissolved in cold dilute 
hydrochloric acid,‘and platinic chloride and alcohol were at once added, 
p-toluidine platinichloride (Pt = 31°01 per cent.) was deposited. 

p-Tolylacetimino-ethy! ether, unlike the ortho-compound, rapidly 
acquires a brown tint on keeping. 

The hydrochloride also is less stable than the corresponding ortho- 
salt. Addition of dry ethereal hydrogen chloride to a light petroleum 
solution of the imino-ether precipitated a sticky mass which did not 
dry on prolonged standing over potash. When gently warmed on a 
watch glass, this substance fused, evolving gas and leaving a residue 
which melted at 125—135°. 


Action of Methyl Iodide and dry Silver Oxide on Aceto-p-toluidide. 


Under the conditions of the following experiment, only N-methyl- 
aceto-p-toluidide was isolated in the pure state. 

Thirty-five grams of silver oxide, 15 grams of aceto-p-toluidide, 42 
grams of methyl iodide, and 30 cc. of benzene were boiled together for 
2 hours, the initial reaction being somewhat vigorous. On distillation 
of the product under 15 mm. pressure, nothing came over below 165°, 
but 12 grams of a solid distilled at this temperature,* and on redis 
tillation under atmospheric pressure boiled at 260—280°. 

On recrystallisation from light petroleum, the solid fused at 63—65°, 
and after a second crystallisation at 64—66°. As the melting point 
of N-methylaceto-p-toluidide is given as 83° by Thomsen (Ber., 1877, 10, 
1583), the identity of the product melting at 64—66° was checked by 
analysis and hydrolysis. 


* The first portions of the distillate being contaminated with a brown oil, which 
was probably the imino-ether. 
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(1373 gave 10°3 c.c. moist nitrogen at 15° and 766 mm. N =8'83. 
C,,H,,0N requires N = 8-58 per cent. 


The base obtained by hydrolysis with strong aqueous potassium hydr- 
mide gave a platinichloride containing Pt=29'42, that of methyl 
tluidine requiring 29°88 per cent. 


IV. Alkylation of the Acetonaphthalides. 
Action of Ethyl Iodide and dry Silver Oxide on Aceto-a-naphthalide. 


Thirty-five grams of dry silver oxide, and a solution of 25 grams of 
ueto-a-naphthalide in 48 grams of ethyl iodide, 40 c.c. of benzene, and 
alittle alcohol, were boiled together for 3 hours. Unaltered naph- 
thalide and N-a-naphthylacetimino-ethyl ether, C,,H,*N:C(OEt)-CH,, 
were the only products isolated. After three distillations under reduced 
pressure, 15 grams of the imino-ether were obtained as a faintly yellow 
liquid, rapidly acquiring a red colour on keeping, and boiling at 175° 
under 12 mm. pressure. 


01430 gave 8°1 c.c. moist nitrogen at 13° and 756mm. N=6°64, 
C,,H,,ON requires N = 6°57 per cent. 


N-c-Naphthylacetimino-ethyl ether does not display the same relative 
stability as the N-o-tolyl compound. When platinic chloride was added 
tosolutions of the imino-ether prepared either by warming with alcohol 
and dilute hydrochloride acid, or by standing with the same reagent 
for 24 hours, a-naphthylamine platinichloride, crystallised with 2H,O 
in dense orange crystals which blackened and intumesced at 227°, was 
deposited, : 


02515 lost 0°0125 at 110° and gave 00670 Pt. H,0=4:97 ; Pt=28-03. 
(C,,H,"NH,),,H,PtCl,,2H,0 requires H,O=4-92; Pt in dry salt 
= 27°99 per cent. 


Addition of platinic chloride to a freshly prepared acid alcoholic 
solution of the imino-ether, or of the hydrochloride, caused the forma- 
tion of a gummy, yellow salt, which rapidly decomposed with blacken- 
ing, but was probably the iminoplatinichloride. 

The hydrochloride, precipitated by ethereal hydrogen chloride from 
light petroleum solution of the imino-ether, and dried over potash, 
melted at 111°, evolving gas; it almost immediately resolidified and 
then fused at 150—151°, 


Action of Ethyl Iodide and dry Silver Oxide on Aceto-B-naphthalide. 


Thirty-five grams of silver oxide, 14 grams of aceto-8-naphthalide, 
48 grams of ethyl iodide, and 10 ¢.c. of alcohol were boiled together 
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for 3 hours. The product, purified by distillation until the liquid no 
longer gave a turbidity with light petroleum, amounted to 7 grams of 
N-8-naphthylacetimino-ethyl ether, boiling at 176°5° under 12 mm, 
pressure. 


01167 gave 6°8 c.c. moist nitrogen at 13° and 724 mm. N=6+4, 
C,,H,,ON requires N =6:57 per cent. 


The imino-ether is a liquid of faint yellow colour when freshly dis. 
tilled, and has a marked blue fluorescence. It rapidly turns dark red 
on keeping, and readily undergoes hydrolysis by dilute acids, giving 
8-naphthylamine. Platinic chloride precipitated §-naphthylamine 
platinichloride (Pt=27°33 per cent.) from a cold freshly prepared 
solution in alcohol and dilute hydrochloric acid. 


V. Alkylation of Benzanilide, 
Action of Ethyl Iodide and dry Silver Oxide on Benzanilide. 


The reaction between 29 grams of silver oxide, 19 grams of benz- 
anilide, and 40 grams of ethyl iodide, solution of the anilide being 
aided by the addition of 50 c.c. of benzene, was not vigorous, but 
after 3 hours’ boiling, about one-half of the anilide was converted into 
the N-phenylbenzimino-ethyl ether, C,H,-N:C(OEt)-C,H,, previously 
described by Lossen (loc. cit.), On distillation under 100 mm. pressure, 
the product was obtained as an oil mixed with crystals of benzanilide, 
By extraction with light petroleum and two further distillations, 9 
grams of a thick, slightly yellow oil were obtained boiling at 170 
under 12 mm, pressure, and giving no turbidity on addition of light 
petroleum. 


0:2270 gave 12:2 c.c. moist nitrogen at 10° and 740 mm. N=6'25, 
C,,H,,ON requires N = 6-22 per cent. 


This imino-ether shows very well the nature of the characteristic 
acid hydrolysis. When 3 grams were boiled for about 15 minutes 
with moderately strong hydrochloric acid, ethyl benzoate (b. p. 210°) 
and aniline hydrochloride were obtained, the hydrolysis being repte 
sented by the equation : 


0,H,"N:C(OEt)-C,H, + H,O + HCl = C,H,-NH,,HCl + C,H,*00, Et. 
The behaviour of the imino-ether towards anhydrous hydrogen 


chloride has been described by Lossen, who obtained the hydrochloride 
which on gently heating gave ethyl chloride and benzanilide. 
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VI. Alkylation of Ethyl Oxanilate. 
Action of Ethyl Iodide and dry Silver Oxide on Ethyl Oxanilate. 


Semi-N-phenylimino-oxalic dimethyl ether has been described by 
Anschiitz and Stiepel (loc. cit.), The diethyl ether may be readily 
prepared from ethyl oxanilate by means of dry silver oxide and ethyl 
iodide. 

The reaction between 35 grams of silver oxide, 19 grams of ethyl 
oxanilate, and 48 grams of ethyl iodide was very energetic, and the 
flask was therefore cooled with water, After subsequent boiling for 
hours, the product was twice distilled under diminished pressure, 
when 17'5 grams were collected, boiling at 152—155° under 12 mm. 
pressure. 

Semi-N-phenylimino-oxalic diethyl ether is a colourless liquid when 
distilled, but almost immediately acquires a faint yellow tint. It is 
readily soluble in light petroleum, and in cold dilute hydrochloric 
acid, being resolved thereby into aniline and oxalic acid. 


0:1578 gave 8°6 c.c. moist nitrogen at 10° and 730mm. N=6°25. 
C,,H,,0,N requires N = 6°33 per cent, 


When ethereal hydrogen chloride was added to a light petroleum 
solution of the imino-ether, an oil separated, which on stirring soon 
solidified and after drying over potash partially melted at 60° but fused 
completely at 150°, no gas being evolved. This behaviour on heating, 
in all likelihood, indicates the presence of ethyl oxanilate and of 
anhydrous oxanilic acid, evidently arising from decomposition of the 
imino-hydrochloride at the ordinary temperature and partial hydrolysis 
of the oxanilic ester thus formed. The mother liquor poured off from 
the precipitated compounds deposited crystals of hydrated oxanilic acid 
00 evaporation in the air. 

Reaction:between Semi-N -phenylimino-oxalic Diethyl Ether and Aniline.— 
The reaction between this imino-ether and aniline at 100°, which was 
expected to give diphenylamidino-oxalanilide described by Anschiitz and 
Stiepel (loc. cit.), and earlier by Klinger (Annalen, 1877, 184, 280), led 
to the formation of diphenylamidino-oxalic ester. 

Four and a half grams of the imino-ether and 4 grams of aniline 
Were warmed together for 3 hours in boiling water. On prolonged 
standing, the liquid became semi-solid through the separation of 
needles, which were recrystallised by solution in alcohol and addition 
of water until a turbidity was caused. After three recrystallisations, 
the compound was obtained in colourless needles, melting at 73—74° 
to a yellow liquid without decomposition. Solutions of the purified 
compound also had a yellow colour. 
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The amidino-ester was purified by solution in hydrogen chloride, 
precipitation by sodium carbonate, and recrystallisation. 


0°1712 gave 15:2 c.c. moist nitrogen at 15° and 757 mm. N=1033, 
O,,H,,0,N, requires N = 10°44 per cent. 

It dissolves easily in cold, dilute, hydrochloric acid leaving a small 

residue of insoluble compound (probably diphenylamidino-oxalanilide), 

which was removed by filtration. Addition of platinic chloride to the 


solution caused the separation of needle-shaped crystals of a double 
salt. 


0°2390 gave 0°0495 Pt. Pt=20°71. 
(C,,H,,0.N.).,H,PtCl requires Pt = 20°59 per cent. 


Thediphenylamidino-oxalanilide described by Klinger and by Anschiitz 
and Stiepel was easily made by warming the corresponding amidino- 
ester with aniline at 160—170° for 4 hours. After recrystallisation 
from benzene and alcohol, the product was obtained in honey-yellow 
crystals which softened at 124°, fused at 142°, had the same melting 
point after resolidification, and did not decompose at 250° (compare 
Anschiitz and Stiepel, loc. cit.). 


01443 gave 16:1 c.c. moist nitrogen at 10° and 766mm. N=13:44, 
C,)H,,N,O requires N = 13°33 per cent. 


VII. Alkylation of Oxanilide. 
Action of Ethyl Iodide and dry Silver Oxide on Oxanilide. 


The reaction between 46 grams of dry silver oxide, 18 grams of 
oxanilide, and 63 grams of ethyl iodide dissolved in 50 c.c. of benzene 
was tardy, owing to the sparing solubility of the anilide. After 3 hours’ 
boiling, most of the anilide had passed into solution, a very moderate 
reaction having occurred at the outset. After two distillations, 
8°5 grams of di-N-phenylimino-oxalic diethyl ether, (C,H,*N:COEt),, 
were obtained, boiling at about 205° under 12 mm. Pressure. It 
was a viscid liquid of rather dark brown colour. 


0°1220 gave 9°5 c.c. moist nitrogen at 10° and 760 mm. N=9°30. 
©,,H,,O,N, requires N = 9°46 per cent. 
On boiling some of the imino-ether with strong hydrochloric acid, a 
small amount of a gummy solid, which probably contained oxanilide, 
was formed ; the acid solution contained oxalic acid and aniline, 
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IXXVII.—Preparation of Aliphatic Imino-ethers from 
Amides. 


By G. Druce LanpEr. 


As is well known, Pinner’s imino-ethers are alkyl ethers of the acid 
amides, corresponding to the labile or enolic form, *C(OH):NH, of the 
amido-group, ‘CO*-NH,. So far, the weight of evidence, for example, 
that of the boiling points of the isomeric O- and N-ethers (this vol., 
p. 691), tends to prove that in the free state the amides do not possess 
the enolic structure. In this connection, however, it is interesting to 
note that molecular conductivity determinations of acetamide and 
benzamide quoted by Titherley (Trans., 1901, '79, 410) show that 
there is apparently a greater tendency on the part of benzamide to 
undergo dissociation in dilute aqueous solution than is the case with 
acetamide, and this observation harmonises with the fact that silver 
benzamide reacts as if it contained the radicle OAg, whereas silver 
acetamide, under the same circumstances, does not (Tafel and Enoch, 
Ber., 1890, 28, 103, 1550). The transformation of imino-ether hydro- 
chlorides into amides by loss of alkyl chloride on heating is a general 
reaction, characteristic also of N-substituted imino-ethers, which serves 
to link together these two classes of amides. 

In the study of alkylation by means of silver oxide, the author’s 
attention has been largely directed to the possibility of effecting 
syntheses of aliphatic imino-ethers from amides by the use of dry 
silver oxide and ethyl iodide. 

The employment of this reagent obviates the necessity for isolating 
any silver salt in the free state, and is capable of better regulation 
than is likely to be possible when a silver salt is allowed to act on an 
alkyl iodide. 

The somewhat fugitive nature of aliphatic imino-ethers, as evidenced 
by their frequent decomposition on liberation from the hydrochlorides 
by alkali, the polymeric or other changes occasionally undergone on 
heating, and the very great susceptibility of their hydrochlorides to 
decomposition by water, greatly tends to render their isolation and 
certain detection a matter of some difficulty. Indeed, the author’s 
experience in great measure confirms Tafel and Enoch’s remark as to 
the difference in the behaviour of aliphatic as compared with aromatic 
amides, 

The results of a study of ethyl oxamate, urethane, and acetamide 
are described in the present paper. 
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Preparation of Semi-imino-oxalic Diethyl Ether from Ethyl Oxamate, 


This imino-ether has been described by Nef (Annalen, 1895, 287, 
288), who prepared it by the partial hydrolysis of diimino-oxalic ether 
by dilute hydrochloric acid, the yield amounting to 8 grams from 48 
grams of the di-ether. He also obtained the chloride by the addition 
of alcohol by the aid of hydrogen chloride to ethyl cyanocarbonate, 

The imino-ether can be easily prepared from ethyl oxamate by 
means of dry silver oxide and ethyl iodide. A very vigorous reaction 
occurred when 46 grams of oxide and a solution of 17 grams of 
oxamate in 63 grams of iodide was warmed. The mixture was diluted 
with ether and gently boiled for 1 hour. On distillation in a partial 
vacuum, a limpid, colourless liquid of pungent odour passed over below 
80°, leaving much unchanged oxamate in the distilling flask. This 
liquid gave a crystalline hydrochloride in dry ethereal solution, from 
which strong alkali liberated a pungent oil; this was rapidly decom- 
posed on exposure to air, forming ammonium chloride. The greater 
part was redistilled, whereby 4 grams boiling at 75—77° under a 
pressure of about 25 mm. were collected. Nef gives the boiling point 
as 73° under 18 mm. pressure. This liquid was the expected semi- 
imino-oxalic diethyl ether, C:NH(OEt)-CO,Et. 


0°2823 gave 24°3 c.c. moist nitrogen at 10° and 730 mm. N=9°87, 
C,H,,0,N requires N = 9°65 per cent. 


Like Nef’s compound, the imino-ether thus prepared is fairly soluble 
in water, and acquires a brown tint on keeping. It is completely 
hydrolysed by dilute hydrogen chloride, 0°325 gram giving 0-464 
gram of ammonium platinichloride instead of 0-497 gram, the cal- 
culated quantity. 


Preparation of Iminocarbonic Diethyl Ether from Urethane. 


This imino-ether can be prepared by the action of chloro- or bromo- 
cyanogen on sodium ethoxide in the presence of alcohol, or on aqueous 
alcoholic caustic alkali solutions (Nef, loc. cit., 314; Hantzsch and 
Mai, Ber., 1895, 28, 2470), and is the ethyl ether of the enolic form of 
urethane. 

Sandmeyer (Ber., 1886, 19, 864) states that the imino-ether forms & 
hydrochloride which decomposes at the ordinary temperature into 
urethane and ethyl chloride. 

So far as the author is aware, no attempts have previously been 
made to synthesise the compound from urethane. Hantzsch and 
Mai ((oc. cit., 977) describe experiments to prepare silver phenylure- 
thane, which resulted in the formation of silver oxide. 
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The first experiments on the alkylation of urethane were carried out 
at the temperature of the steam bath. The reaction caused by the 
addition of the dry oxide was most energetic, and, unless carefully 
regulated, white fumes were evolved, a sublimate formed in the con- 
denser, and a red litmus paper at the top of the condenser was turned 
blue. The liquid product boiled at 90—200°, a fairly large distillate 
being gathered between 170° and 180°. This fraction may have con- 
tained ethylurethane (b. p. 175°), but estimation of nitrogen gave 
N=13'18 instead of 11:96 per cent. Ponomareff (Ber., 1882, 15, 515) 
obtained what appears to have been a similar mixture boiling at 
90—200° by the action of bromocyanogen on sodium ethoxide (com- 
pare Nef, Joc. cit., 312). 

By pursuing the distillation beyond 200°, ethyl csocyanurate melting 
at 983—94° was obtained (N = 19°88 instead of 19°71 per cent.). It was 
probably formed by the decomposition of the iminocarbonic ether, 
which although when pure can be heated to 200° without change 
(Hantzsch and Mai, Joc. cit.), may possibly at the moment of formation 
more easily undergo the necessary loss of alcohol, polymerisation, and 
molecular rearrangement. It is also not unlikely that cyanic acid 
might be formed by dehydration of the urethane and then by energetic 
alkylation give the isocyanurate. 

The desired imino-ether was eventually obtained by allowing a mix- 
ture of 46 grams of dry silver oxide and a solution of 18 grams of 
urethane in 64 grams of ethyl iodide and 50 cc. of dry ether to stand 
with occasional shaking for 10 days at the temperature of the labora- 
tory. On distillation, 2—3 c.c. of a pungent liquid passed over at 
75—80° under a pressure of 20—30 mm., leaving a residue of unchanged 
urethane and a small quantity of liquid. 

The liquid distillate was allowed to stand over concentrated aqueous 
potassium hydroxide for a week, separated, diluted with ether, and 
- dehydrated by solid potash. The product was converted into the 
bromoimino-ether in which bromine can be estimated iodometrically 
(Hantzsch and Mai). By running dilute potassium hypobromite solu- 
tion into the aqueous solution of about:0°5 gram of the imino-ether, about 
0:4 gram of bromoiminocarbonic diethyl ether was obtained, melting 
after crystallisation from ether, at 40—42°, instead of at 43°. 


0:1643 required 16°65 c.c. N/10 thiosulphate. Br=40°5. 
01327 =, 3-18-45 ee. . Br= 40°. 
C;H,,O,NBr requires Br = 40°8 per cent. 


Experiments with Acetamide. 


In spite of several experiments carried out both in the cold and at 
the temperature of the steam-bath, the formation of acetimino-ethyl 
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ether from acetamide by the action of silver oxide and ethyl iodide 
could not be demonstrated. 

When carried out at 100°, energetic action set in, accompanied 
apparently by more or less profound decomposition, as no pure product 
could be isolated from the resulting mixtures. 

In the cold, the mixture acquired a distinct imino-odour, and after 
several weeks much acetamide remained unchanged. On distillation, a 
basic liquid passed over between 70° and 100°, from which only an 
oily, unstable hydrochloride could be prepared. Possibly it was 
acetimino-ethyl ether mixed with alcohol and ethyl iodide. 

It may be remarked that, in the experiments carried out in the 
cold, no evidence of the formation of ethylacetamide was obtained. 


Much of the expense incurred during the work described in this and 
the preceding paper was defrayed by a grant from the Research Fund 
of the Chemical Society, for which the author desires to express his 
indebtedness. 


UNIVERSITY COLLEGE, 
NOTTINGHAM. 


LXXVIIL—Preparation of Synthetical Glucosides. IL 


By Huen Ryan, M.A., D.Se., and W. Stoan Mixts, M.A. 


Ir has been found by one of us (Ryan, Trans., 1899, '75, 1057) that 
acetyl chloride reacts with dry galactose in a manner analogous to its 
action on glucose (Colley, Ann, Chim. Phys., 1870, [iv], 21, 363). The 
compound formed by the interaction was obtained as a colourless syrup 
containing chlorine, and was converted into a galactoside resembling 
somewhat the naphthylglucoside prepared from acetylchloroglucose. 

As the study of acetylchlorogalactose has since been taken up by 
Emil Fischer and E. F. Armstrong (Sitzwngsber. Akad. Wiss. Berlin, 1901, 
123), we find it necessary to communicate the results which we have 
already obtained, although our experiments with the substance are not 
yet completed. 

Acetylchlorogalactose was prepared by the action of 56 grams of 
acetyl chloride on 24 grams of dry galactose in a cool, well-dried, 
sealed tube ; much hydrogen chloride was formed in the process. The 
product was extracted with chloroform, and from the solution, by 
evaporation, a faint yellow, semi-solid syrup was obtained, which was . 
sparingly soluble in cold alcohol and contained Cl=6:1 per cent. 
instead of 9°68 per cent., showing that it was impure. Since these 
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iments were made, Fischer and Armstrong (/oc. cit.) by a different 
method have obtained acetylchlorogalactose in a crystalline state. 
a-Naphthylgalactoside, C,H,,0,°0°C,,H,, was obtained by the action 
of 182 grams of acetylchlorogalactose, dissolved in cold absolute 
sleohol on a solution of 7:2 grams of a-naphthol and 2°8 grams of 
potassium hydroxide in about 100 c.c. of cold absolute alcohol. After 
remaining in a freezing mixture for twelve hours, it was allowed to 
stand at the temperature of the laboratory for three days, by which 
time the colour of the solution was brown, and a considerable quantity _ 
of solid had separated. The solution smelt of ethyl acetate; it was 
boiled for two hours under a reflux condenser and filtered while hot 
from a residue of potassium chloride. The filtrate evaporated on the 
water-bath gave a syrupy residue, which crystallised after standing 
for five days. The substance was washed free from a-naphthol by ether 
and recrystallised from alcohol. It was dried in the air at 105° 
and melted at 202—203°. 


0:1078 gave 0°2471 CO, and 0°0572 H,O. C=62°51; H=5°9. 
C,,H,,0, requires C= 62°74; H=5°88 per cent. 


a-Naphthylgalacteside crystallises in rectangular plates soluble in 
hot alcohol or hot water, slightly so in cold water, but insoluble in ether, 
chloroform, benzene, or ethyl acetate. It has scarcely any action on 
Fehling’s solution, even on continued boiling, but reduces it readily 
after hydrolysis by dilute sulphuric acid. It is not more soluble in 
dilute potash than in water, and therefore does not contain an 
unchanged phenolic hydroxyl group. 

In a similar manner to that described for B-naphthylglucoside 
(Trans, 1899, ‘75, 1057) we obtained m-cresylglucoside, 
0,H,,0,-0°C,H,-CH,. Molecular quantities of acetylchloroglucose, 
m-cresol, and potash dissolved in absolute alcohol were mixed together 
and cooled in a freezing mixture. Potassium chloride separated out 
from the solution, which was then heated on the water-bath and 
filtered. By the spontaneous evaporation of the solvent the glucoside 
crystallised out ; it was recrystallised from 60 per cent. alcohol, dried 
at 105°, and then melted at 167°5—168°5°. 


0'2004 gave 0:4239 CO, and 01181 H,O. C=57'63; H=6°55. 
C,,H,,0, requires C= 57°77 ; H =6'7 per cent. 


_ m-Cresylglucoside crystallises in long, silky, branching needles. It 
1s scarcely soluble in benzene, chloroform, ethyl acetate, or carbon 
disulphide, but dissolves in cold water or in alcohol. Fehling’s solution 
is reduced only after hydrolysis of the glucoside by dilute acids. 
In addition to acetylchloroglucose and acetylchlorogalactose, the 
acetylbromoglucose discovered by Kénigs can be used with success in 
VOL, LXXIx, 3 ¢ 
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the synthesis of phenolic glucosides. As the bromo-derivative jg 
easily obtained in a crystalline form, it is a very convenient agent for 
the synthesis of glucosides, and Kénigs has shown that it is easily 
converted by alcohols of the fatty series into the corresponding gluco. 
sides. We have found that the crystalline bromo-compound reacts 
even more readily than the syrupy chloro-derivative with carvacrol in 
alkaline solution, giving the well crystallised carvacrylglucoside 
already obtained by one of us from acetylchloroglucose, 

Two grams of acetylbromoglucose prepared from acetyl bromide and 
glucose by the method described for acetylchlorogalactose were added 
to a cooled solution of 0°7 gram of carvacrol and 0°3 gram of potash in 
absolute alcohol. A solid, which was afterwards found to be potassium 
bromide, separated very slowly. The mixture was boiled and filtered, 
and on the spontaneous evaporation of the filtrate, a yellow oil 
remained which crystallised after a few days. It was recrystallised 
from hot water, and agreed in properties with the carvacrylglucoside 
obtained from acetylchloroglucose. 

Carvacrylglucoside is readily soluble in dilute or concentrated alkali, 
and is reprecipitated unchanged, not only by dilute acids, but by 
ammonium carbonate. Hence it contains an unchanged phenolic 
hydroxyl group, and is the first member of a hitherto unknown series 
of glucosides. Its formula is: 


| 
H OH H O-0,H,(CH,):0,H, 


if we assume the formula for the B-glucosides attributed to them by 
Emil Fischer. 


Addendum.—Although the crystalline acetylchloroglucoses and 
acetylchlorogalactoses cannot be easily obtained by the action of 
acetyl chloride on glucose or galactose in an open or closed vessel, & 
well crystallised triacetylchloroarabinose is formed by the action of 
acetyl chloride on well-dried arabinose in a closed or an open vessel. 
The substance is much more stable in moist air than the correspont- 
ing glucose compounds, and when recrystallised from ethyl acetate 
melts at 150—152°. It was dried in the air at 100—105° for analysis: 


0°1532 gave 0:0741 AgCl. Cl=11°94. 
C,,H,,0,Cl requires Cl= 12-02 per cent. 


Triacetylchlorowrabinose, OAe*CH,*CH-CH(OAc)*CH(OAc)*CHCL, is 
| O sh Meares 52 


soluble in alcohol, ether, benzene, chloroform, or ethyl acetate, but 
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very sparingly so in hot water. It reduces Fehling’s solution and 
erystallises in doubly refractive prisms. By the action of hot methyl 
alcohol it is converted into a crystalline arabinoside which seems to be 
identical with that ‘obtained from arabinose and methyl alcohol by 
Emil Fischer’s excellent method. 


University CoLLEGE, DuBLIN. 


LXXIX.—The Influence of Cane Sugar on the Conduc- 
twities of Solutions of Potassium Chloride, Hydrogen 
Chloride, and Potassium Hydroxide, with Evidence 
of Salt Formation in the last Case. 


By C. J. Martin, M.B., D.Sc., and Orme Masson, M.A., D.Sc. 


Tax experiments described in this paper were undertaken in connection 
with a more extended inquiry concerning the power to take part in 
electrolytic conduction which characterises certain complex substances 
usually regarded as typical non-electrolytes. 

It was expected that the conductivity of solutions of potash con- 
taining cane sugar would afford evidence of the formation of sucric 
ions (potassium sucrate), besides showing a reduction due to increased 
viscosity, but that the latter effect alone would be noticeable in the 
cases of potassium chloride and hydrochloric acid, where no chemical 
action with the sugar seemed likely to occur, inversion being guarded 
against by the use of fresh solutions prepared in the cold. These 
expectations were justified by the results. 

It is well known that sucrates (C,,H,,0,,K and similar compounds) 
may be prepared in the solid state. If they can exist in solution and 
act as electrolytic conductors, sugar itself must be regarded, not as a 
non-electrolyte, but as an acid of extremely small ionisation coefficient, 
capable of yielding negative ions under the influence of strong positive 
ones, The salt of such a weak acid, however, should be hydrolysable, 
tending to partial decomposition in aqueous solution in consequence of 
the reversibility of the action C,,H,,0,,H + KOH = C,,H,,0,,K + H,0. 
This hydrolytic decomposition of the sucrate should, however, be pre- 
vented by the addition to the solution of a sufficiently large excess of 
sugar, in accordance with the law of mass action which has been 
proved in similar instances. In other words, a strong solution of 
sugar should be capable of converting the whole of a small quantity 
of added potash into potassium sucrate. On the justifiable assumption 

3c 2 
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of complete ionisation of the potassium, such an action may be written 


#0,,H,0,, + K: + OH’ =C,,H,,0',, + K* + H,0 + (a - 1)C,,H,,0,,. 


Under these conditions, the molecular conductivity of the solution 
should represent the sum of the velocities of K and the sucric ion, but 
modified by the viscosity effect of the extra sugar. 

The solutions of potassium chloride and hydrogen chloride with 
sugar should, on the other hand, contain no sucric ions and should 
possess the conductivities of potassium chloride and hydrogen chloride 
modified only by the extra viscosity. The study of these cases should 
help to elucidate the more complicated case of potassium hydroxide and 
sugar by affording data for the elimination from it of the viscosity effect 
with, at any rate, approximate accuracy. Any residual effect 
should be due to the displacement, partial or complete, of hydroxyl by 
sucric ions. 

The nature of the simple viscosity effect was investigated by 
Arrhenius (Zeit. physikal. Chem., 1892, 9, 487), who studied the con- 
ductivity of solutions of acids, alkalis, and salts containing such non- 
electrolytes as alcohols, ether, acetone, and cane-sugar, but omitted 
solutions of alkali and sugar. He found that, if moderate concentra- 
tions of the non-electrolyte be employed, the results can be expressed 
by the formula /=/,(1-—ax), where / is the conductivity of the soluv- 
tion, /, that of a pure aqueous solution of the same electrolyte, is the 
volume per cent. of the given non-electrolyte, and a is a constant, 
The value of a is dependent mainly on the non-electrolyte, varying only 
to a small extent with change in kind or quantity of the electrolyte. 
It has almost the same value in the cases of potassium hydroxide 
and hydrogen chloride, but slightly higher values for salts, With 
greater concentration of the non-electrolyte, the equation becomes 
1=1,(1—a/2x)?. Both expressions are derived from the interpolation 
formula /=/,(1-—ax+fa®++-) by neglecting insignificant terms; 
for Arrhenius found that 8 =a?/4. 

For our purpose, it is more convenient to express the sugar concel- 
trations in gram-molecules per litre (V). The actual strengths 
employed ranged up to V=2, or 684 grams of sugar per litre, Such 
a solution is a very viscous syrup. The strength with respect to 
electrolyte was decinormal or less. The resistances were 
measured by Kohlrausch’s method at a temperature of 18°, and the 
specific conductivities were deduced in the usual manner by correcting 
for the cell capacity. The values (A) given in the following tables 
are the specific conductivities in reciprocal ohms multiplied by 
10%. 

Expt. I.—Solutions of potassium chloride and sugar ; the former 
constant in amount, the latter varying. 
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Gram-molecules per litre of KCl (n)=0°1. 
99 sugar =J. 


A. 110°8(1 — 0°58602). Difference. 

111°4 110°8 +0°6 

106°2 1076 —1-4 

0-1 105-2 104°3 +0°9 

0-2 96°6 97°8 —1:2 

0-4 84°8 84°8 0 

0°6 71:1 71°8 -0°7 

0°8 60°1 58°9 +1°2 
The curve (Fig. 1) for the values of A and J is nearly a straight 
line, There is here no reason to suspect chemical action, and the 


“ 
No 
< 


Ne 


be 


ee 


40 80  ~—«-120 160 200 240 280 320  360a 


PS : 


reduction of the conductivity may be ascribed wholly to increased 
viscosity. In the third column are given calculated values which show 
that, within the given limits of VY, X may be obtained with a fair 
approach to accuracy by a simple formula resembling that used by 
Arrhenius. The value found for the constant a (0°586) is, however, 
somewhat less than that obtained by Arrhenius for 1/80 normal 
potassium chloride containing sugar up to 50 grams per litre; for the 
latter, if we translate volume per cents. into V, was 0°634. 

Expt. II.—Solutions of hydrogen chloride and sugar; the former 
constant in amount, the latter varying. 
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Gram-molecules per litre of HCl (nm) =9°1. 
” ” 9 sugar =W, 


A. 346 (1 - 0°52). Difference, 
343 346 -3 
337 337 0 
0'1 333 329 +4 
0:2 307 311 -4 
03 293 294 -l 
0°4 277 277 0 
0°5 257 260 -3 
07 225 225 0 
0-9 193 190 +3 
1:0 174 173 +1 
12 146 (138) 
1-4 121 (104) 
1-6 100 (69) 
18 78 (35) 
20 51 (0) 


The curve (Fig. 1) is practically a straight line up to about V=1, 
and the calculated values given in the third column agree with those 
observed for A within this limit, but not for greater sugar concen- 
tration. The value found for the constant a (0°5) agrees well with 
those given by Arrhenius for 1/2 1/20, and 1/100 ¥ hydro 
chloric acid containing sugar up to 50 grams per litre (or 3°14 volume 
per cents.) ; for these, when corrected so as to refer to gram-molecules 
per litre, become respectively 0°528, 0°509, and 0°477. 

In the next experiment, a series of solutions was employed in which 
the concentration varied for both acid (m) and sugar (J), but a con- 
stant ratio was maintained between them. In these circumstances, it 
was expected that the conductivity would be found (very approxi- 
mately) proportional to V (1-—aWN), for A/n undergoes only slight 
change in sufficiently dilute aqueous solutions and x may be here 
replaced by J, of which it is a constant fraction. But WV (1-aJ) 
must obtain its maximum value when it =1/4a and V=1/2a. If 
then the formula were valid and a had the value found in Expt. II for 
decinormal acid (a2=0°5), the maximum conductivity should be 
reached at, or close to, V=1. . 

Expt. III.—Solutions of hydrogen chloride and sugar ; both varying 
in concentration, but in constant ratio (1:20) to one another. 


Gram-molecules per litre of HCl=n. 
” ” ” sugar = N. 
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f. N. A. 3680n(1-0°315N)*. Difference. A/n.. 
0:10 2°0 50°6 50°4 +0°2 506 
0°09 18 62°3 62:1 +02 692 
0°08 16 72°2 72°6 —O0-4 903 
0:07 14 79°8 80°6 —0°8 1140 
0°06 1°2 84°8 85°4 —0°6 1410 
0°055 11 86°4 86°5 —0°1 1570 
0°05 1-0 86°4 86°4 0 1730 
0:045 0°9 84°8 85°0 — 0:2 1880 
0°04 0°8 80°9 82°4 - 15 2020 
0:03 0°6 72°5 72°6 -0°1 2420 
0°02 0-4 56:0 56:2 -— 0°2 2800 
0°01 0:2 33°1 32°3 +0°8 3310 
0°005 01 17°7 17°3 +0°4 3540 


As anticipated, a maximum of conductivity is found close to the 
concentration W=1. The curve (Fig. 2, p. 712) which expresses the 
results is a very symmetrical one, and shows this maximum at V= 1°05 
(n=0-0525). Its form may be ascribed to the fact that two simul- 
taneous and opposed tendencies are at work. In the first place, dilution 
increases the conductivity by diminishing the viscosity of the liquid, 
and in the second, dilution diminishes the conductivity by lessening the 
amount of electrolyte in unit volume ; of these, the former effect is the 
more potent at first, whilst ‘the latter gains the mastery later on. The 
experimental results are very fairly reproduced by the figures given in 
the third column, which are calculated by the formula placed at its 
head. This is of the same form as that indicated by Arrhenius for a 
case of largely varying concentration of the non-electrolyte. It points 
toamaximum conductivity of 86:53 when V = 1/(3 x 0°315)=1-058, The 
constant 3680 may be taken as the limiting value of the molecular 
conductivity, A/n, for pure aqueous hydrochloric acid at extreme 
dilution, 3672 being Kohlrausch’s maximum value (at n=0°001 and 
0002). If it were not for the presence of sugar, causing viscosity, 
this molecular conductivity should vary only between 3680 and 3430, 
the value for the decinormal acid ; so that the large viscosity effect is 
well shown by the figures for \/n given in the last column of the 
table and reproduced in the curve of Fig. 3, A. For comparison, 
the curve for pure hydrochloric acid solution is drawn alongside 
(Fig. 3, B, p. 713). 
tt is worthy of note that the experimental curve (Fig. 2) is very 
similar in form to those which may be drawn to represent Kohlrausch’s 
specific conductivities of pure aqueous solutions of freely soluble salts, 
such as lithium chloride. In all cases where the solubility is great 
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enough to admit of it, these curves pass through maxima of conductivity ; 
and there is no doubt that here the true explanation is similar to that 
given above. But whilst the viscosity in these cases is due entirely 
to the electrolyte itself and is therefore small and inconspicuous except 
in strong solutions, in our experiment it is enormously exaggerated 
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by the jmportation of a definite large quantity of sugar with each 
molecule of electrolyte. 
Expt. IV. Solutions of potassium hydroxide and sugar ; the former 
constant in amount, the latter varying. 
Gram-molecules per litre of KOH.(n)=0°1. 
” ” ” » 9» sugar = NV, 
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N. A. A’ =a/(1-—0°5Y). 
0°9 40°5 73°6 
0:7 49°3 75°8 
0°5 61°3 81°7 
0°4 70°9 88°6 
0:3 80°1 94°2 
0-2 96°9 108 
0°15 108 117 
01 125 132 
143 149 
155 159 
176 178 
206 206 
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The curve illustrating this experiment (Fig. 4, A, p. 714) is totally 
different in character from those of the similar experiments with potass- 
ium chloride and hydrogen chloride, Here we have, not only a viscosity 
effect, but also the larger result of salt formation to reckon with. 
In the presence of a sufficient excess of sugar, the whole of the potassium 
hydroxide should be converted into sucrate or its ions, as already ex- 
plained, and then, except for viscosity change, further addition of 
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sugar should not further reduce the conductivity. An attempt to sub. 
tract approximately the viscosity effect is shown in the figures given 
in the third column, the formula which proved good in the case of 
similar concentrations of hydrogen chloride and sugar (Expt. IT) being 
adopted for the purpose. This proceeding is justified by the fact that 
Arrhenius (Joc. cit.) found that potassium hydroxide and hydrogen 
chloride give very nearly the same values for the constant a in those 
cases where the added non-electrolyte (ethyl or isopropyl alcohol) does 
not produce chemical change, and that in general the values of a for 


Fic. 4.—Eaperiment No, 4. 


—— 
0; he eat ee 
40 60 100 120 140 160 180 200 A 


different electrolytes maintain about the same ratio to one another, 
whatever non-electrolyte be employed. The viscosity-free curve thus 
obtained is drawn in Fig. 4, B. It shows clearly enough that the 
corrected conductivity does tend to reach a minimum value when 
the sugar is present in sufficient excess to prevent hydrolysis. There 
is, however, too much uncertainty about the exact numerical value of 
the viscosity correction to warrant any inferences, such as might be 
drawn if this were accurately determined, concerning the true con- 
ductivity of potassium sucrate and the course of its hydrolytic 
decomposition. 


UNIVERSITY OF MELBOURNE, 
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LXXX.—A Modification of Gutzeit’s Test for Arsenre. 
By Epwin Dowzarp. 


Tue subject of arsenic testing has recently received great attention, 
owing to the detection of that element in sodium phosphate, beer, 
glucose, invert sugar, &c., in fact it might be considered a distinct 
branch of analytical chemistry and labelled “ Arsenology.” 

The methods which have been most used are Reinsch’s, Marsh’s and 
Gutzeit’s ; the first has been adopted as the official method, the second 
and last are also used by a number of analysts. Although Gutzeit’s 
test is more delicate than the other two, it is open to the objection that 
sulphuretted hydrogen has a similar action to arseniuretted hydrogen. 
As the method is a most convenient one, and is also the best for 
quantitatively determining minute traces of arsenic, the writer has 
endeavoured to make it trustworthy in its indications. 

Soon after the discovery of arsenic in glucose, I found that. sulphur- 
etted hydrogen could be separated from .arseniuretted hydrogen by 
passing the mixed gases over lead acetate solution ; this was effected 
by placing a roll of filtering paper saturated with lead acetate solution 
in the neck of the flask (Chemist and Druggist, 1900, 57, 921). A piece 
of apparatus has since been described for washing the gas with lead 
acetate solution ; it is, however, too fragile for regular laboratory use. 
The accompanying sketch (p. 716) is that of an apparatus which the 
writer has designed for a similar purpose ; it will be seen that the ap- 
paratus is free from a complicated system of glass bulbs and tubing, the 
washing cells are also easily filled and cleaned, and the gas may be 
washed once, twice, or thrice as desired. The cells may be obtained in 
two forms, A and B, from Messrs Gallenkamp and Co. of London. 

The apparatus is used as follows. A weighed or measured portion 
of the sample is mixed with 5 c.c. of pure hydrochloric acid (if the 
sample is alkaline, it must be neutralised first), four drops of a 15 per 
cent. solution of cuprous chloride in hydrochloric acid are then added, 
and the mixture made up to 30 c.c. with water ; if it is not convenient 
to work with such a small bulk as 30c.c., this quantity may be doubled 
or trebled, but the same proportion of acid should be used. A rod of 
pure zinc, 3 em. long and 5 mm. in diameter, is placed in the flask, 
the above mixture is then introduced, and the first cell placed in 
Position ; lead acetate solution (5 per cent.) is now poured into the 
cell until it is about half full, the second and third cells are filled in a 
Similar manner, a small tuft of cotton wool is introduced into the 
neck of the top cell, and its mouth capped with mercuric chloride paper, 
which may be held in position by an elastic band, or a glass collar 
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made from a piece of glass tubing. After 40 minutes or more, the cap 
is removed and examined in full daylight. A minute trace of arsenic 
is indicated by a lemon-yellow spot, which varies in tint according to 
the amount present, and a heavy trace by an orange-brown spot, 

The mercuric chloride paper is prepared as follows. One drop of a 
5 per cent. solution of mercuric chloride is allowed to fall on the 
centre of a piece (4 cm. square) of thin, Swedish filtering paper such 
as Muncktell’s No 1 F ; the paper is dried before using. 

The following experiments were 
tried with this apparatus, 

(1) 0-2 gram of sodium sulphite 
was placed in the flask, a piece of 
pure zine and 30 c.c. of dilute hydro- 
chloric acid were introduced, and 
the cells placed in position as de- 
scribed above; after 40 minutes; 
the solution of lead acetate in the 
two lower cells was black owing to 
suspended lead sulphide, but the 
solution in the top cell was not 
affected ; the mercuric chloride cap 
was colourless. 

(2) 0-2 gram of sodium hypo- 
phosphite was treated in the same 
manner ; the mercuric chloride cap 
was stained yellow, proving that 
lead acetate solution does not absorb 
phosphuretted hydrogen to any 
extent. 

(3) 0-2 gram of sodium hypo 
phosphite was treated as before, 
the gas being washed three times 
with a 15 per cent. solution of 
cuprous chloride in hydrochloric 
acid ; the mercuric chloride cap was 
colourless. The same result was 
obtained when only one cell was charged with this solution, the other 
two remaining empty. 

(4) A mixture of 0°2 gram of sodium sulphite, and 0°2 gram of sodium 
hypophosphite was treated as before, the gas being washed twice with 
cuprous chloride solution ; the mercuric chloride cap was colourless. 

(5) 0:000005 gram (siz milligram) of arsenious acid was treated in 
the same way, the gas being washed twice with cuprous chloride 
solution ; the mercuric chloride cap was stained a faint yellow colour. 
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(6) 0000005 gram of arsenious acid was treated as before, all the 
cells being empty ; the mercuric chloride cap had the same yellow tint 
as in the previous experiment. 

These experiments prove that both sulphuretted hydrogen and 
phosphuretted hydrogen are completely absorbed by cuprous chloride 
slution, whilst arseniuretted hydrogen is not affected. Lead acetate is 
of no use in the presence of phosphites or hypophosphites. 

Experiments were tried using respectively 0°01, 0:02, 0°03, 0-04, 0°05 
and 0'10 gram of potassium antimony tartrate, the gas being washed 
three times with cuprous chloride solution. In no case was the mer- 
curic chloride cap stained, a faint blackish-brown stain was, however, 
produced by 0°2 gram. 

When this modification of the Gutzeit test is used, arsenic can be 
detected in presence of about 2500 times its weight of antimony ; 
in any case, antimony cannot be mistaken for arsenic, because the 
stain produced by antimoniuretted hydrogen has a blackish-brown 
colour, whilst that produced by arseniuretted hydrogen has a lemon- 
yellow to an orange-brown colour. Lead acetate solution does not 
absorb antimoniuretted hydrogen. . 

When antimony is present, the proportion of hydrochloric acid used 
should be 1 in 8, and only one drop of cuprous chloride solution should 
be added ; this is to prevent the hydrogen from being evolved too 
rapidly, and to allow thé cuprous chloride to exert its full absorbing 
power, 

Selenium and tellurium compounds do not interfere with this 
method. 

When a comparatively large amount of sulphite is possible, as in the 
case of some samples of American glucose, it is advisable to dilute the 
glucose (20 grams) or other substance with about one-fourth its bulk of 
water.* A slight excess of bromine water is then added, and the 
mixture heated until free from bromine; the solution is afterwards 
cooled, 8 c.c. of hydrochloric acid and 4 drops of cuprous chloride solu- 
tion are introduced, and the whole is finally made up to 40 .c. with 
water. 

(1) 0:01 milligram of arsenious acid was treated with bromine water, 
the solution boiled until free from bromine, and the usual procedure 
followed. 

(2) 0-01 milligram of arsenious acid was treated as usual, without 
the addition of bromine. The mercuric chloride paper in each case 
had practically the same tint, proving that a preliminary treatment 
with bromine has no effect on the result. Similar experiments 

* The oxidation of sulphites by bromine, and subsequent reduction of the arsenic 


a agg state by cuprous chloride, was first suggested by Allen (Analyst, 
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were made with 0°04 milligram of arsenious acid, with the same 
result, 

If phosphites or hypophosphites are present, the sample should be 
treated with bromine before examination. 

In the quantitative determination of traces of arsenic by this method 
the following points should be observed. 

(1) The amount of hydrochloric acid used, the final bulk of the liquid, 
and the size of the zinc rod should always be the same, The tempera- 
ture should not vary to any marked extent. 

(2) The reaction should always occupy the same time. 

(3) When comparing the sample with known amounts of arsenious 
acid, the standard test must contain the same weight of the same 
substance as the sample, but free from arsenic. 

(4) The same apparatus, or a duplicate, should always be used. 

If a yellow stain is found on the mercuric chloride cap after the 
sample has been treated with bromine as described above, and the gas 
washed three times with cuprous chloride solution, then arsenic is 
present, because under these conditions no other element gives this 
reaction. Antimony, up to about 2500 times the weight of arsenic 
present, does not obscure the result, except in cases where large 
amounts of organic matter are present, when the proportion of anti- 
mony to arsenic is reduced. 

The arsenious acid used in the experiments ‘described in this paper 
was in the form of a dilute solution of sodium arsenite. 

The cuprous chloride solution is prepared as follows. Sixteen grams 
of pure cupric oxide are dissolved in 110 ¢.c, of hydrochloric acid, 13 
grams of thin copper foil are cut into small pieces, and boiled with the 
above solution for 25 minutes, the resulting solution of cuprous chloride 
is poured into 1000 c.c. of distilled water, and the white precipitate 
washed by decantation. The chloride is then dissolved in hydrochloric 
acid free from arsenic, 5 c.c. of this solution are evaporated to dryness 
and the residue weighed, the solution is then diluted with hydrochloric 
acid until 100 ¢.c. contains about 15 grams of cuprous chloride. 


LXXXI.—Vapour Pressure of Aqueous Ammonia 
Solution. Part I. 


By Epcar Puiip Perman, D.Sc. 


THE experiments described in this paper were undertaken at the 
direct instigation of Prof. Dewar, although the subject had naturally 
occurred to the author during his work on the rate of escape 

ammonia from aqueous solution (Trans., 1898, '73, 511). The ob 
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ject of the work was to discover the mode of variation of vapour- 
pressure of aqueous ammonia solution with variation in tempera- 
ture and concentration, vapour pressure being measured by a statical 
method; and also to find the relation between vapour-pressure and 
“vate of escape.” 

Apparatus Employed.—The ammonia solution was introduced into 
the glass vessel, A (Fig. 1), shaped like a pipette; it was heated by 
a vapour-jacket in the sur- 
rounding vessel, B, the liquid 
producing the vapour being 
boiled in the bulb, 'C, and 
returning again to the liquid 
state in the condenser, D. 
The lower end of the vessel, 
A, was connected with a 
wide tube, Z, by means of 
thick-walled rubber tubing ; 
the tube, Z, could be raised 
or lowered at will. The 
upper end of the vessel, A, 
was provided with a stop- 
cock, F, immediately outside 
the split cork at the top of 
the jacketing vessel, B. A 
nillimetre mirror scale stood 
behind, so that the level of 
the mercury in either tube 
could easily be read to 0:2 
mm. 

Method of Procedure.— 
Some strong ammonia solu- 
tion (between 50 c.c. and 

"100 c.c.) was introduced into 

A through the stopcock, F. 
The rubber tube was clipped 
at H, and the tube above 
F connected with a water-air pump. The solution boiled violently, 
and after a short time the air in the upper part of the vessel and 
in the solution was expelled. .The stopcock was then closed. 

A determination of the strength of the ammonia solution left in 
the vessel A was then made by raising the tube, #, or pouring in 
mercury, and driving out some of the ammonia solution into a 
weighed quantity of dilute standard sulphuric acid until the acid 
Was neutralised. The flask containing the acid and ammonia was 


Fie. 1, 


720 PERMAN: VAPOUR PRESSURE OF 


then weighed again, the contents were washed out, and the slight 
excess of ammonia titrated with standard sulphuric acid. The 
centage of ammonia in the solution was then calculated from the 
data obtained. The results of different determinations for the same 
solution agreed very closely. The ammonia solution was then heated 
by the vapour-jacket to a known temperature, and the corresponding 
pressure read when it had become constant. Several readings were 
obtained by slightly raising or lowering the tube Z; they varied 
usually not more than from | to 2 millimetres. The ammonia solution was 
then driven up to the stopcock ; very often a minute bubble (presum- 
ably of air) remained undissolved; it was driven through the stop- 
cock and fresh readings taken. There was an air-trap at X, but 
nevertheless traces of air were sometimes carried up. 

In order to test the accuracy of the method, the vapour-pressure 
of water was determined at a temperature of 46°3° (vapour-jacket 
of carbon disulphide); the result obtained was 77:0 mm., while 
that calculated from Regnault’s tables is 76°8 mm. at that temperature. 

After a satisfactory set of readings had been made, the concentration 
of the ammonia solution was reduced by running a little water into 
the vessel A, and boiling off the air as before. A fresh set of readings 
for the new concentration was then made. More water was then run 
in, and soon. Corrections were made for the varying temperature of 
different parts of the mercury column. The density of the ammonia 
solution was taken from the ordinary density-concentration tables, no 
correction being made for temperature ; the error caused by this is 
extremely small (Joc. cit., p. 524). 

Preparation of Pure Ammonia Solution.—Pure ammonia was pre- 
pared by two methods given by Stas : (1) by heating ammonium sulphate 
with strong sulphuric acid and adding small quantities of nitric acid; 
(2) by heating ammonium chloride with strong nitric acid. In each 
case the ammonium salt remaining was decomposed by heating with a 
strong soda solution ; the ammonia given off was freed from carbon 
dioxide by passing through milk of lime, and then led into water. The 
amount of amines in the ordinary ammonium salts is, however, very 
small. An experiment was made in order to determine the amount of 
carbon (in the form of amines) in concentrated ammonia solution such 
as is usually employed for analytical work. 

A current of air freed from carbon dioxide was aspirated through 
20 c.c. of the concentrated ammonia solution ; the mixed gases were 
then led through an ordinary combustion tube containing copper oxide, 
and at the end a long roll of copper gauze. After leaving the com- 
bustion tube, the gases passed through a large calcium chloride tube, 
and finally through potash bulbs with a guard tube. From 20 c.c. of 
ammonia solution containing about 59 grams of ammonia, 0°02 gram 
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of carbon dioxide was obtained. On evaporating down, the ammonia 
solution was found to contain a trace of chloride. 

Some of the experiments recorded were made with this solution, and 
the results cannot be distinguished from those given by the specially 
prepared ammonia solution. 

Series of experiments were made at 0°, 20°, 34°4°, 46°4°, and 61°3°, 
the temperatures being obtained by means of melting ice, water from 
a large barrel, boiling ether, boiling carbon disulphide, and boiling 
chloroform respectively. The first two were maintained constant, but 
the others varied slightly with the variation of barometric pressure. 
In order to correct the readings obtained for these slight differences of 
temperature, a curve was drawn for each temperature, showing the 
variation of pressure with concentration. The variations of tempera- 
ture were so small that a smooth curve could easily be drawn through 
(or nearly through) the experimental points. 


Experimental Results. 


Temperature 0°. 


| 
Series, Pressure. Orne | Series. | Pressure. Thee 
| 
| | 
I, 61 mm. 16°11 III. 238°5 mm. 31°50 
41 1211 =| 178°5 27°44 
26°5 8°02 HI | 94°0 20°41 
20 4°21 42°5 11°88 
II 275 82°68 | 31°5 8°74 
79°5 17°63 ] a¥. 252°8 31°60 
36 8°08 l 116°2 23°21 
19 668 63°7 15°78 
17°5 4°89 41°6 11°56 
25°7 7°64 
22°8 5°99 
| 11°5 2°59 
Temperature 20°. 
Series, Pressure, INH | Series. | Pressure. oF NH 
| 
614°6 mm. 31°70 || I. | 862mm, 8°16 
808°6 23°18 | 598 5°74 
208°3 18°48 | 61°3 4°80 
148°4 14°58 P 
II, 5938°6 31°46 
331°7 23°98 
223°5 19°29 
115°6 12°10 | 
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Temperature 34°4°. 


) 
| Per cent. 
Pressure. | orn H. Temperature. 


Pressure 
at 34°4°, 


34°74 34°0° 
22°43 34°4 
17 06 33'8 
12°27 34°1 
8°26 84°1 
5°50 34°3 
3°91 34°4 
23°07 84°8 
14°90 84°8 
9°66 34°4 
8:28 34°3 
4°99 34°7 
31°86 34°8 
26°94 35°1 
22°39 34°8 
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1369°1 mm, 
548°3 
355°6 
231°3 
1577 
1122 

89°8 
574°9 
292°6 
188°8 
144‘4 
106°2 

10971 
807°9 
540°1 


Temperature 46°4°, 


. | Per cent. 
Pressure, | of NH. (Temperature. 


Pressute 
at 46°4°, 


921°9mm.| 23°35 46°3° 
5680 | 16°85 46°3 
411°7 13°02 46°3 
1443°9 29°75 46°4 
841°3 21°88 46°3 
477°9 14°74 46°3 
1801°6 32°71 46°6 
1271°1 27°75 46°4 
789°1 21°18 46°2 
574°1 17°07 46°4 
476°6 14°73 46°4 
372°3 11°90 46°4 
29474 9°44 46°4 
241°5 7°57 46°3 
203°0 6°03 46°3 
163°3 4°32 46°4 
745°3 20°34 46°4 
570°2 16°85 4674 
$24°9 10°17 


- CO 


ie) 


co © rm] ow 
PL b1esriy 181-881 


925°6 mm. 
570°3 
413°4 
1443°9 
844°7 
479°9 
1810 ? 
1271°1 
795°5 
574°'1 
476°6 
872°3 
294°4 
242°5 
208°8 
1633 
7453 
570°2 
8249 
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Temperature 61°3°. 


Pressure. te i Temperature. . at 218°. 


1637°4 mm. 23°77 60°9° 1664°8 mm. 
1069°9 18°01 60 9 1086°8 
770°7 13°92 60°8 786°6 
5437 9°57 61°1 548°1 
407°1 6°56 61°2 408°7 
330°8 4°75 61°3 : 330°8 
1716°5 24°30 61°7 ‘ 1686°9 
1223°0 19°41 61°7 1204°5 
778°2 13°58 61°7 765°8 
512°7 8°74 61°6 506°6 
871°5 6°10 60°2 3882 


From the series of isothermal curves obtained, values of pressure 
and temperature at different concentrations were read off, and a fresh 
wries of curves showing variation of pressure with temperature was 
constructed. Tangents were then drawn to these curves at the points 
it which the values of dp/d¢ were required, and a series of curves drawn 
showing the variation of dp/dt with concentration at the mean tem- 
perature of each set of observations. The original observations were 
then corrected to the mean temperature of each set. In most cases, 
the corrections are very small. 

In order to show that tangents drawn by eye are sufficiently 
accurate for the purpose, a curve was drawn in a similar way, showing 
the path of a body falling freely under the action of gravity, and tan- 
gents were drawn at different points ; these give the velocities of the 
body after definite intervals of time. The following numbers were 
obtained : 


Velocity (from tangent). Cale. velocity. 
Feet per second. Feet per second. 


After 2 seconds.,....... 65°4 64 
96 

128 

160 


A fresh series of isothermal curves was then constructed from the 
corrected pressures ; they are reproduced in Fig. 2 (p. 724). 

Some results were also obtained at 0°, 20°, and 46°4° with a modi- 
fied form of apparatus, the temperature being kept constant. The 
apparatus is described in the next paper ; the points obtained with it 
‘remarked @ in Fig. 2, and are seen to confirm those given by the 
former method. 
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The table on p. 725 contains the pressures read from the smoothed 
curves, 

Attempts have been made to find a simple relation between the 
vapour pressure and the concentration, and also between the vapour 
pressure and the temperature of the solution, but hitherto without 
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success in either case. ‘The author is now investigating the partial 
pressures of the ammonia and of the water. No doubt the ammonis 
solution may be regarded as a mixture of two liquids of which the 
boiling points are far removed from one another. The determination of 
the partial pressures will make it possible to verify this supposition, 
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Isothermals. 


Pressure 
at 46°4°. 


77 mm. 
122 
178 
240 
313 
394 
488 
597 
730 
879 
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The author wishes, in. conclusion, to express his thanks to the 
Research Fund Committee of the Chemical Society for their grant in 
aid of the expense incurred for apparatus, and he is indebted to Mr. 
G. A. 8, Atkinson, of Cardiff, for assistance at various stages of the 
work, 
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LXXXII.—JInfluence of Sodium Sulphate on the Vapour 
Pressure of Aqueous Ammonia Solution. 


By Epear Pup Perman, D.Sc. 


Tas research was undertaken with the object of throwing further 
light, if possible, upon the question of the molecular condition of 
sodium sulphate in an aqueous solution. The author’s investigations 
on the vapour pressure of aqueous ammonia solution have made this 
& comparatively easy task. A modified form of apparatus was used 
(Fig. 1, p. 726) ; it differs from that described in the previous paper in 
the following particulars. The solution was introduced into the vessel, 
4, by means of the capillary tube, Z, which passes downwards through 
the rubber cork closing the outer vessel, B. The temperature was kept 
constant by means of the regulator, Z, containing mercury. The globe, 
N, serves to steady the pressure, The water-air pump was made to 
draw air through the long centre tube of the regulator, and by altering 
the depth below the mercury of this tube, the pressure could be regu- 
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lated as desired ; the pressure was read off on the gauge, MV, connected 
with the large globe. Carbon disulphide was boiled in the bulb, (, 
and the pressures necessary to give the required temperatures were 
taken from the tables of Ramsay and Young. A solution was made 
up by dissolving pure crystalline sodium sulphate in aqueous ammonia 
solution; this was introduced into the vessel, A, as described, and 
remained there throughout each series of experiments. The tempera 
ture was varied from 26° to 47°, and a series of ten or twelve observa- 
tions made with the same solution. The strength of the solution was 
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then found by drawing off two samples and estimating ammonia in 
one, by titration, and sodium sulphate in the other, by evaporation 
and ignition of the residue. 


Experimental Results. 


I.—Solution contained NH, =17°47 per cent. of the NH, and H,0. 

» » NaSO,= 423  ,, total solution. 

Temp. Press. Temp. Press. 

27°6° 321-1 mm. 39°1° 497°3 mm. 

31:1 364°0 40°3 523°3 

33°0 395°1 42:0 550°4 

35°2 433°1 43°0 580°9 

37-0 467-0 44-7 619°3 

37:0 476-7 46°5 666°5 

38°5 485°2 35:2 438°3 


” 


» Na,80,= 4:53 


”» 
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[],—Solution contained NH, = 16°17 per cent. of the NH, and H,0, 
total solution. 


Temp, Press, Temp. Press. 
28°7° 238°8 mm, 39°4° 374°9 mm. 
30°9 261°2 42°7 429°8 

33'1 288°7 45°0 468°6 

34°7 307°3 46:2 491°6 

37'3 342°7 25°8 215°3 


IIL—Solution contained NH, = 10°34 per cent. of the NH, and H,0. 


” 


» NaSO,= 4:25 


9 


total solution, 


Temp. Press. Temp. Press. 
29°3° 167°7 mm. 37°9° 246°0 mm, 
311 183°5 40°1 271°6 

33°4 202°8 43:1 310°4 

34:8 215°9 46:2 352°8 

365 232°4 


The results are shown in the curves in Fig, 2 (p. 728), the circles 
indicate (as their centres) the experimental points. The dotted lines 
Ia and IIIa show the pressures for the corresponding solutions of 
ammonia, that is, having the same proportion of ammonia to water, 
but no sodium sulphate. 

For curve II, the strength of the solution was not accurately deter- 
mined owing to an accident. Curve Id shows the pressures that the 
ammonia solution would have, supposing the sodium sulphate present 
to hold its water of crystallisation in combination, 10H,O for Na,SO,, 


and so increase the concentration of the ammonia solution. The solu- 
tions employed had the following percentage composition ; 
Solution. NH. Na,SO,. H,0, 
oak 16°73 4:23 79°04 
| ere (15%) 4°53 — 
III. 9°90 4°25 85°85 


The ammonia solution was saturated with sodium sulphate in each 
case, and then a little water added to prevent the salt from crystallis- 
ing out. 


Discussion of Results. 


{t will be seen at once that the vapour-pressure of the ammonia 
solution is much inereased by the presence of the sodium sulphate, and 
is actually higher than it would become supposing the hydrate 
Na,S0,,10H,O to be formed, and so increase the concentration of the 
ammonia solution. This effect is probably caused by a displacement, 
more physical than chemical, of the ammonia by the sodium sulphate, 
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An opposite effect would be produced by the partition of the acid 
between the soda and the ammonia, but the latter is such a weak base, 
compared with the former, that the result would be hardly appreciable, 
It is well known that the solubility curve of sodium sulphate shows a 
well-marked break at about 33°; below this temperature, the hydrated 
sulphate, Na,SO,,10H,0, crystallises out, whi)st above it the anhydrous 
salt separates on evaporation. It was thought that the Vapour-pres- 
sure curve might show a similar break at the same temperature, but 
it will be seen at once that there is no trace of such a break, showing 
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150 49° 


that there cannot be any sudden change in the state of hydration of 
the salt. This appears to disprove at once the old theory thet ms" 
solution contained hydrated molecules, Na,8O,,10H,0, below 33°, an 
anhydrous molecules, Na,SO,, above that temperature. It favours, 
however, the modern explanation, namely, that the change is not . 
the solution but in the solid with which the solution is in contact, an 
that the solution contains only Na,SO, molecules throughout, ; 
Another possible explanation of the properties of the — 
observed is t hat they contain both anhydrous and hydrated molecules 


THE SYNTHETICAL FORMATION OF BRIDGED RINGS. 729 


the number of the former increasing, and of the latter diminishing, 
with rise of temperature ; in that case, there should be a gradual 
divergence from one another of the curves for ammonia solution and 
for the same solution containing sodium sulphate. The curves in the 
diagram show a slight divergence, but apparently not more than there 
yould be for ammonia solution itself of various concentrations. The 
experiments are probably not sufficiently accurate to decide this point, 
unless the dehydration of the’molecules was completed within a very 
narrow range of temperature, and there is no sign of any such change. 


UnivERSITY COLLEGE, 
CARDIFF. 


IXXXIII.— The Synthetical Formation of Bridged Rings. 
Part I. Some Derivatives of Dicyclopentane. 


By W. H. PeErxiy, jun., and J. F. THorpe. 


A snort time ago (Trans., 1899, '75, 48) we showed that ethyl bromo- 
dimethylglutarate, when digested with alcoholic potash, yields the 
potassium salt of caronic acid, 


00,Bt-CHBr-CMe,"CH,"CO,Et + 4KOH = 
CMe, ’ 


F fe 
CO,K-CH-CH:CO,K + 2KBr + 2EtOH + 2H,0 


ad this synthesis not only proves the constitution assigned to 
caronic acid by Baeyer and Ipatieff (Ber., 1892, 20, 2796), but, in- 
directly, affords strong evidence that the formula of carone, 


Me-CH-CO—OH 
GH,-CH,-CH> OM: » 


frst suggested by Wagner (J. Russ. Phys. Chem. Soc., 1896, 28, 95) is 
correct, The saturated hydrocarbon, 

CH,CH,-CH. 

bu,-cH,-CH> CE: » 
from which carone is derived, is therefore a heptamethylene ring in 
hich two carbon atoms are united to form a trimethylene ring, or, 
nother words, it is made up of a hexamethylene and a trimethylene 
ring, 

Daring the last few years, it has frequently been suggested that the 

‘stitutions of some members of the terpene and camphor series 
thould be expressed by formule containing somewhat similar bridged 


730 PERKIN AND THORPE: THE SYNTHETICAL 


or double rings. Thus, for example, camphor and pinene should, 
according to Bredt, be represented thus : 
CH,-CH—OH, CH,-CH—CH, 
CMe, | | -CMe, | 
CH,*CMe—CO CH—CMe-CH 
Camphor. Pinene. 
The camphor formula contains two five-carbon rings, the pinene formula, 
on the other hand, a six- and a four-carbon ring. Asit is probable that 
compounds of this and other similar types will, in the near future, be 
of common occurrence, it seemed to us that it was a matter of import 
ance to endeavour to discover synthetical methods for the formation 
of such double or bridged rings, 

The only work which has been done in this direction is that of 
Buchner (Ber., 1900, 33, 3454), who has lately shown that ethyl 
tetrahydrobenzoate combines with ethyl diazoacetate according to the 
equation 
CH,°CH,°C:CO, Et N 
6u,0H,CH + N>CH-00,Et = 

ee ; 
CH,-CH,: H CH°CO, Et * N, ; 


and the product, which he terms ethyl 1 : 2-norcarandicarboxylate, on 
account of its close relationship to carone, contains a bridged hepta- 
methylene ring. 

In the present paper, abstracts of which have already appeared 
(Proc., 1900, 16, 149 ; 1901, 1'7, 110), we describe the synthesis of a 
series of compounds derived from the hydrocarbon 


mgt 

ba-OH,> CH » 

which consists of a pentamethylene ring so bridged as to forms 
four- and a three-carbon ring united together by two carbon atoms 
of each. 

In endeavouring to devise a general system of nomenclature for 
bridged rings of this description, we met with very considerable 
difficulty. Our first suggestion was that the letters yep (from yepups 
a bridge) should be prefixed to the hydrocarbon, with numbers 
indicate the carbon atoms which were united to form the bridge thus :— 

(2_ (3) (1) (2) (3) 
CH-CH, CH-—CH, CH, 
Q) CH | | 7 ae 
CH-CH, CH,-CH-CH, 
(5) (4) (6) (5) (4) 
2 : 5-yep-Pentamethylene 1 :5~yep-Hexamethylene. 


FORMATION OF BRIDGED RINGS. PART I. 731 


but this method cannot be well adapted to substances such as camphor 
and pinene (p. 730), in which the bridge itself consists of one or more 
carbon atoms. 

In letter to Professor von Baeyer, one of us mentioned this 
dificulty, and as the result of a good deal of correspondence, he was 
good enough to elaborate a scheme for the nomenclature of bridged 
rings which seems to be of general application, and was subsequently 
published (Ber., 1901, 33, 3771). Briefly stated, this scheme is as 
follows. 

Every bridged (or dicyclic) hydrocarbon contains, of necessity, two 
tertiary carbon atoms which are either directly united to form the 
bridge, or else indirectly united when the bridge is itself made up of 
carbon atoms: in the first place, the bridge is called 0, in the second 
case 1, 2, cc., according to the number of carbon atoms which it contains. 

Furthermore, every dicyclic hydrocarbon, contains three bridges as 
will be clearly seen from the study of the case of dicyclopentane, 


* 
H-OH, 
on,< ter on : 
* 


in which the bridges are, firstly, the direct union of the two tertiary - 
carbon atoms (0), secondly, the bridge containing the CH, group (1), 
and thirdly, the bridge, -CH,°CH,* (2). This hydrocarbon, which 
is the only possible form of a bridged pentamethylene ring, would 
therefore be (0 : 1 :2)-dicyclopentane. 

It is not possible in this paper to discuss this scheme in its entirety, 
but the case of the four cycloheptanes given by von Baeyer (whose 
interesting paper should be consulted for further details) will illustrate 


its general applicability. 
ries 


JN 
re | 


Lt y, ae, i73 


(0:1:4). : 2:8). (1:2: 2). (1:1:8). 


We propose to use this system in naming the derivatives of dicyclo- 
pentane which we describe in this paper, and the positions occupied 
by the various substituting groups will be indicated by numbers 
according to the scheme.* 


(1) (2) 
CH-CH, 


* Starting the numbering at one of the tertia 
. rtiary carbon atoms (com Baeyer 
t cits, p. 8774), BYE 
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But for the sake of brevity in writing names, the numbers will always 
be omitted where the constitution of the substance referred to is 
sufficiently clear without numbering, and as there is only one possible 
dicyclopentane the prefix (0: 1:2) will also be neglected. 

In commencing our experiments on the formation of dicyclopentane 
derivatives, we endeavoured in the first place to prepare a dimethyl. 
trimethenedicarboxylic ester of the formula 


C-CO, Et 
C-CO,Et © 


This ester contains a double bond between carbon atoms, both of 
which are combined with carbethoxy-groups, and might, therefore, be 
expected to react with the sodium compound of ethyl malonate to form 
the sodium compound of ethyl dicarboxydimethyltrimethylenemalonate, 
“00,Et . «a (CO, Et)*CNa(CO,Et) 

Me,C 2" + CHNa(CO,Et), = Me. 2 on 

" ye oes a(COsEt)s 10 (60,80 
If, then, the ester obtained from this sodium compound by acidifying 
could be made to undergo condensation with elimination of alcohol, 
the process might take place thus : 
CO,Et_,C——CH:CO, Et CO,Et—C—CH:C0O,Et | 

Me,0< |__| = Me] | + EtOH, 
CO,Et—CH CO,Et CO,Et—C—CO 
and the condensation product thus formed would be ethyl! 5 : 5-dimethyl- 
3-ketodicyclopentane-1 : 2 : 4-tricarboxylate. 

In order to obtain the dimethyltrimethenedicarboxylic ester neces- 
sary for these experiments, we prepared a quantity of ethyl aa,-dibromo- 


BB-dimethylglutarate (p. 754), in the expectation that the elimination 
of 2 mols. of hydrogen bromide from this would proceed as follows: 


CHBr:C0,Et ‘CO, Et 
MeC<oHBr-CO,Et = Me,0<T1.c0,Et sibs: 


a reaction very similar to the formation of acetylenedicarboxylic acid 
by the removal of 2 mols. of hydrogen bromide from dibromosuccinic 
acid. 


Me,C< 


CHBr-CO,H C-CO,H 


| = il QHBr. 
CHBr:-CO,H C:CO,H 


This reaction seemed the more probable from the consideration of the 
fact that ethyl monobromodimethylglutarate, under suitable conditions, 
readily loses hydrogen bromide with formation of ethyl caronate 
(p. 729). In testing the matter experimentally, we found, however, 
that even by using the most varied conditions we were unable to 
isolate a trace of this unsaturated ester or the corresponding acid, 
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When ethyl dibromodimethylglutarate is digested with alcoholic 
potash or sodium ethoxide, the unsaturated ring is evidently formed in 
the first instance, but this is so reactive that it at once combines with 
the aleohol present to form ethowycaronic acid (p. 759). 


00,H Q(OEt)-CO,H. 
Me, ig > a: Me,0< yy. re H 


Inasimilar way, if methyl alcoholic potash is employed, the counengneny 
ing methoxycaronic acid (p. 761) is formed. 

If the dibromo-ester is treated with aqueous potash, part of it is 
converted into the lactone of dihydrcxydimethylglutaric acid (p. 756). 


CO,H-CH(OH)-CMe,*CH(OH)-00,H ,* 


and there is also formed some ethoxycaronic acid—an interesting 
result which shows that the unsaturated ring is so reactive that it 
even adds on the small quantity of alcohol which is produced by the 
hydrolysis of the ester, and this in the presence of large quantities of 
water, Experiments with diethylaniline, silver oxide, and other 
similar reagents in the place of potash were also made, but in no case 
could the desired unsaturated substance be isolated. 

We were also unsuccessful in our attempts to remove alcohol from 
ethoxycaronic acid by means of sulphuric acid or other reagents 
having a strong affinity for alcohol. 

When ethoxycaronic acid, for example, is warmed with 80 per cent. 
sulphuric acid, a remarkable decomposition takes place, carbon mon- 
oxide is evolved, and the solution, after adding water, is found to 
contain aa-dimethylsuccinic acid (p. 762). This process, which seems 
to proceed quantitatively, is probably represented thus : 


¢(OEt)-CO,H C(OEt): CO 
Me,0<tH-00, H = Me, at. wae 0 + = 


C(0H)(OEt)-O =: 
Me yo<in a = Men. .g9 + CO + EtOH 


Still more interesting is the behaviour of ethoxycaronic acid on treat- 
ment with hydrobromic acid, when it is converted, with disruption of 
the trimethylene ring, into a bromo-acid, which is evidently aa-dibromo- 
dimethylglutaric acid, since on boiling with water it is converted into 


<item ylglutaric acid, This process may be formulated 
thus ; 


* A very small quantity of aa-dihydroxydimethylglutaric acid, 
CO,H*C(OH),* CMe,*CH,*00,H, 
was also produced in this experiment, which proves that the bromo-ester must have 
contained traces of ethyl aa-dibromodimethylglutarate (see p. 757). 
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(OEt)-CO,H as Br:CO,H 
H-C0,H ®2"NCH-00,H 


OBr,*CO,H 0(0H),-C0,H 
MeC<oy cop 20 MeC<op.con | 


Me,0< 


This change is very similar to the conversion of caronic acid into 
terebic acid by the action of hydrobromic acid (Baeyer and Ipatieff, 
Ber., 1896, 29, 2801). 


CH-CO,H 


H:C0O,H 
Me,C<H-00,H — Me,OBr~ 


H,CO,H ~~ 


—CH‘C0,H 
Me,0< 00-0, 


the addition of hydrogen bromide taking place, however, in the two 
cases in different directions, which is rather curious. 

Since we were unable to isolate the unsaturated ester which we 
required for the synthesis of derivatives of dicyclopentane, we next 
attempted to use this unsaturated ester in a nascent state, and ulti- 
mately we were successful in our endeavours. 


In investigations on the behaviour of bromo-esters on treatment 
with ethyl sodiomalonate and other analogous sodium compounds, it 
has frequently been noticed that the constitution of the product 
formed shows that the reaction must have proceeded in two stages 
(1) The alkaline sodium compound causes elimination of hydrogen 
bromide and formation of an unsaturated ester, and (2) the unsatu- 
rated ester at once combines with a further quantity of the sodium 
compound present. 

Thus, for example, when ethyl a-bromoisobutyrate is treated with 
ethyl sodiomalonate, the following reactions occur : 


(1) OH? >CBr-CO, Et = HBr + CHC COsKE. 


CO,Et), = 
CO, Et-CH(CH,)-CH,°CNa(00,Et), 


It therefore seemed possible that, under similar circumstances, ethyl 
dibromodimethylglutarate might first be converted into the unsatt- 
rated compound, and that this might then at once combine with excess 
of ethyl sodiomalonate, this addition taking place more rapidly than 
the addition of alcohol to form ethoxycaronic ester. : 

The intermediate formation of the unsaturated ester, in this reat 
tion, seemed all the more likely from the fact that when ethyl 
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dibromodimethylglutarate is treated with sodium ethoxide in alcoholic 
solution ethyl ethoxycwronate is formed. 


CHBr-CO,Et C-00,Et (OEt)*CO,Et 
Me0<oprco,et ~~ MexC<U.c0,m, — MesC<dy-co,me ° 


and not ethyl diethoxydimethylglutarate. 
CO, Et*CH(OEt)-C Me,* CH(OEt)-CO,Et. 


On testing this hypothesis experimentally, it was found that a yield 
of 50—60 per cent. of an ester, which boiled at 234° under 20 mm. 
pressure, was obtained in this way, and analysis showed that-this ester 
had the composition of the condensation product, 


(CO,Et)*CH(CO,Et), 


HCO, Et . 


Me,C 
which we were endeavouring to prepare (p. 762). 

Before using this ester for synthetical work, however, it was most 
necessary to carefully prove its constitution, since the reaction between 
the ethyl sodiomalonate and the dibromo-ester might take place in a 
different way with formation of a derivative of tetramethylene, exactly 


as is the case when trimethylene bromide reacts with ethyl sodio- 
malonate, 


CH,B CH 
CH HBr +Na,0(CO,Et), = OH, <oy7?>0(00, Et), +2NaBr 


HBr+CO,Et 


JOH: CO, Et 
Me,C€ >C(CO,Et), + 2NaBr 
CH:CO,Et 
Ethyl dimethyltetramethylene- 
tetracarboxylate. II. 


It was not easy to decide between the trimethylene formula, I, and 
the tetramethylene formula, IJ, for this ester, but ultimately it was 
shown in the following way that this substance must be the tri- 
methylene derivative. 


If the two possible formule are examined, it will be seen that the 


trimethylene derivative still contains the group -OH(CO,Et),, and 
must therefore be capable of forming a sodium compound which should 
react with alkyl haloids, whereas the tetramethylene derivative con- 
tains no such hydrogen atom capable of being replaced by sodium. 
We therefore treated the ester with sodium ethoxide and ethyl 


iodide, and obtained at once and in almost quantitative yield the 
corresponding ethyl derivative, 
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(CO,Et)-CNa(CO,Et), : 
H-CO,Et + ae oe 
(CO,Et)-CEt(CO,Et), 

H-CO,Et + 


The formation of this ester, a description of the properties of which 
is given on p. 770, proves conclusively that the product of the 
action of ethyl dibromodimethylglutarate on the sodium compound of 
ethyl malonate is ethyl dicarboxydimethyltrimethylenemalonate of the 
constitution represented by formula I. 

When this ester, dissolved in boiling xylene, is treated with sodium, 
or when its alcoholic solution is boiled with sodium ethoxide, 
a very remarkable reaction takes place, alcohol is eliminated as sodium 
ethoxide, and a bright yellow, very stable sodium compound is produced, 
Our experiments seem to us to prove conclusively that the formation 
of this sodium compound must be expressed in the following way: 
CO,Et7C——CNa-CO,Et CO,Et O—CNa:CO, Et 

Me,C¢ | | +Na=Me( | | + NaOEt+H. 
CO,Et—-CH CO,Et ° CO,Et—C—CO 

I, 


Me,C 


Me,0 


There are two other possible ways in which the ester could undergo 
internal condensation with elimination of alcohol, that is to say, sub- 
stances of the following constitutions might conceivably be produced: 


* 
C—CH(CO,Et) 
Me,0€ | Co ae 
CO,Et—C 
III. 


The ester (II) contains no hydrogen atom replaceable by sodium 
and could not therefore yield the yellow sodium compound, which is 
actually formed in the reaction, and although in formula III the 
hydrogen atom, H*, would be replaceable by sodium, an extended er- 
amination of the substances obtained in various ways from the yellow 
sodium compound clearly proves that this expression cannot be correct, 
and that the true constitution of the yellow sodium compound is that 
represented by formula I and it is therefore the sodium compound of 
ethyl 5 : 5-dimethy]-3-ketodicyclopentane-1 : 2 : 4-tricarboxylate.' 

During the course of this investigation, we discovered that this same 
yellow sodium compound is directly produced when ethyl dibromo- 
dimethylglutarate (1 mol.) is digested in alcoholic solution with 2 mols, 
of ethyl malonate and 4 mols. of sodium ethoxide (p. 776) and as the 
yield obtained in this way is 70 per cent. of the theoretical, and the 


1 Dieckmann (Ber., 1900, 38, 2678) has also expressed the opinion that the 
formula which we have assigned to this sodium compound is correct. 


CO,Et—C—0(CO,Et), 


Eas 


ow 


2 BS 


SSF Fs 
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method is by far the most convenient, it was used in preparing almost 
the whole of the yellow sodium compound necessary for this research. 
In considering the formation of this sodium compound, it should be 
noted that it is most unusual for alcohol to be eliminated in reactions 
ofthis kind in the way represented above, and this is at once evident 
from a brief consideration of Claisen’s work on this subject. - In such 
condensations, as for example, in the formation of ethyl acetoacetate from 
ethyl acetate, Claisen has shown that the first stage is the addition of 
sodium ethoxide to the carbethoxy-group of one of the reacting mole- 
cules, and that the sodium compound, thus produced, then condenses 
with the second molecule. 
O JON a 
(1) CHyC<ou, + waogt ~ CHs'CCRt 
JONa 
(2) ee + CH,°CO,Et = CH,°C(ONa):CH:CO,Et + 2EtOH. 


Condensations of this nature have, so far, only been known to take 
place when the conditions necessary for the elimination of 2 molecular 
proportions of alcohol were present. Thus ethyl acetate condenses with 


* 
ethyl butyrate, CH, CH,* CH,°CO,Et, but not with ethyl csobutyrate, 


(CH,),CH*CO,Et, because the former does, but the latter does not, 
contain the two a-hydrogen atoms necessary for the formation of 
2 mols. of alcohol according to equation 2. 

It is, however, quite conceivable that such condensations may, 
under favourable circumstances, take place with elimination of only 
1 mol. of alcohol according to the scheme, 


R-O(ONa)(OEt), + R,CH-CO,Et — EtOH = 
R-C(ONa)(OEt)*CR,"CO,Et = R-CO-OR,*CO,Et + NaOEt, 


and we believe that the formation of the yellow sodium compound is a 
case of this kind. 

The yellow sodium compound is very sparingly soluble in water, 
and is only very slowly acted on even by boiling water ; it crystallises 
from alcohol in bright, orange-yellow, glistening plates and in appear- 
ance and several of its properties closely resembles the orange-yellow, 
crystalline, sodium compound of ethyl dicarboxyglutaconate, 


(CO,Et),CNa-CH:C(CO,Et),, 


which Conrad and Guthzeit (Annalen, 1883, 222, 250) first prepared 
by the action of chloroform on ethyl sodiomalonate. Like this sub- 
stance, the solution of the yellow sodium compound in alcohol gives 
with ferric chloride an intense reddish-violet coloration. 

VOL. LXXIx, ; 3 E 
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When the yellow sodium compound is decomposed by acids, a colour. 
less oil is obtained which doubtless consists of ethyl dimethylheto 
dicyclopentanetricarboxylate and if this ester or the sodium compound is 
left in contact with methyl alcoholic potash, a curious decomposition 
takes place with formation of the potassium compound of potassium 
diethyl dimethylketodicyclopentanetricarboxylate, 


(CO,Et)-CK-CO,Et 
MeO cotK) * ena 


This on acidifying gives the free diethyl hydrogen salt which 
crystallises in colourless needles melting at 75° and on distillation, 
loses carbon dioxide with formation of ethyl dimethylketodicycl- 


pentanedicarboxylate, 
(CO, Et)*CH-CO,Et 


Me,0<Ans bo ‘ 


a colourless oil distilling at 201° under 30 mm. pressure and giving 
in alcoholic solution an intense reddish-purple coloration with ferric 
chloride.* 

The free acid, which is readily obtained from this ester by hydro- 
lysis with alcoholic potash, is readily soluble in water, melts at 180°, 
and when its aqueous solution is heated at 180° is decomposed 
with loss of carbon dioxide and formation of dimethylketodicyclo- 
pentanecarboxylic acid (m. p. 180°), 


CO,H)-CH. 
Mej0< 9 OOH) GE 


* The behaviour of this ester with ferric chloride, taken in connection with the 
constitution of the yellow sodium compound, clearly indicates the course of the 
reaction which takes place in the formation of the dipotassium diethyl salt, and 
seems to us to prove that the diethyl hydrogen salt (m. p. 75°) obtained by acidifying 
the dipotassium salt must have the constitution 
C(CO,Et)*CH*CO,Et 
Me,C< : 

“~ “C(CO,H)-CO 
The other alternative formule : 


C(CO,H)-CH*CO,Et 
Me,0< : : 


C(CO,Et):CH-C0,H 
L l Me,C<) 
((CO,Et)*CO C(CO,Et)*CO 

II, III. 


are, in our opinion, not possible, for the following reasons, 

In formula II, the carboxyl group is not attached to a carbon atom united to the 
CO group, and therefore it is unlikely that it would be so readily eliminated as is 
actually the case ; a compound having formula III would, on distillation, yield 4 
diethyl ester which would not be capable of giving a coloration with ferric chloride, 
Furthermore, it will be seen from the following pages that formula I explains ins 
satisfactory manner the formation and properties of the numerous substances We 
have prepared from the diethyl hydrogen salt. 
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which is sparingly soluble in water and gives no coloration with 
ferric chloride. 

When the yellow sodium compound, instead of being left in contact 
with methyl alcoholic potash, is boiled with alcoholic potash, it is con- 
verted into a mixture of two isomeric dibasic acids, C,H,,O,, melting 
at 155° and 180°, and called respectively A and B, the Jatter being 
identical with the acid of the same melting point mentioned above. 
Obviously during the hydrolysis the sodium compound is first con- 
verted into dimethylketodicyclopentanetricarboxylic acid, 
-C(CO,H)-CH-CO,H (1), 


MeC<4(c0,H)-CO 
(2) 


which then loses carbon dioxide with formation of the two isomeric 
dibasic acids. 

If the formula of the tribasic acid is examined, it will be seen that 
two of the carbon atoms, marked (1) and (2), should be readily elimin- 
ated on hydrolysis with potash, since both are attached to carbon 
atoms joined to a CO group (as in the case of acetoacetic acid, acetone- 
dicarboxylic acid, &c.). If, then, we suppose that different carboxyl 
groups have been removed in the formation of the isomeric dibasic 
acids, these would have the following formule : 


(00,H): CH-00,H ((CO,H)-CH, 
H—0OO0 Me,C< (00, H)-CO 
& II. 


0 
Me,C< 4, 


and the one having the constitution represented by the first formula 
would give a coloration with ferric chloride, whereas the other would 
not. Experiment, however, shows that both the acids give colorations 
with ferric chloride, that produced in the case of the acid melting at 155° 
being an intense bluish-violet, whereas the aqueous solution of the acid 
melting at 180° gives a reddish-violet. Both these acids, when heated, 
lose 1 mol. of carbon dioxide, and are converted into dimethylketodi- 
cyclopentanecarboxylic acid, 
CO,H): CH 
MeC< fpr bo» 


the change taking place in the case of the acid melting at 155° on simply 
boiling with dilute sulphuric acid, whereas, in the case of the acid 
melting at 180°, it is necessary to heat with water at 180°. The 
general behaviour of the two dibasic acids leads us to believe that they 
are not structurally different, but simply stereoisomeric modifications 
of the formula I given above. 

In order that the relationships between these various substances 

3 E2 
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may be clearly seen at a glance, we give the following table, showing 
their methods of formation : 


~~ 


(CO,H)-CH-CO,H 
Me,c<U te 


(CO,H)-CH, / 
CO 
No colour with FeCl). 


H 


Et 
H-CO,H 


\ Me,0<t 


M. p. 180°. 


t 


Cc 


(CO,H): 


O 
FeCl;, reddish-violet. 
(B) 
o 
be 


‘CNa:CO. 
H—— 


— 
i 
| 
a) 
< 


(CO, Et) 
C(CO,Et):CO 


¢ 
Me,0<4 
/ M. p. 180°. 


g 
Ss 
Sy 
Ps 
»Et 


co 
FeCl;, red-violet. 


Me,C< 
The yellow sodium compound. 


‘CH-CO,Et 
FeCl,, violet. 


| 


(CO, Et) 
(CO,H)-CO 
i Leon gH-00 
M. p. 179° 


Me0<Y 
M. p. 75° 


H 


Oxidation of Dimethylketodicyclopentanecarboxylic Acid, 
(CO,H)- CH, ° 
MeCN bo ° 
In order to obtain as much evidence as possible in favour of the con- 
stitution we have assigned to this acid, we next studied its behaviour 


FORMATION OF BRIDGED RINGS. PART I. 741 


on oxidation with nitric acid under various conditions, when it was 
found to yield, besides aa-dimethylsuccinic acid, CO,H-CMe,*CH,°CO,H, 
anew dibasic acid of the formula C,H,,O, and melting at 84°. Fora 
considerable time, we were unable to discover the nature of this 
acid, which is the prineipal product of the oxidation; but ultimately 
we succeeded in proving conclusively that it has the constitution 


CO,H:-C(OH),*CMe,°CH,°CO,H, 


and is therefore aa-dihydroxy-BB-dimethylglutaric acid, 

In the first place, we showed that the new acid was not the aa,-dihydr- 
onydimethylglutaric acid, CO,H-*CH(OH):CMe,-CH(OH)-CO,H, by 
preparing this acid, or rather its lactone, 

CH(OH)——CO 
MesC<oH(C0,H)O 
from aa,-dibromodimethylglutaric acid by a series of reactions described 
later (pp. 755, 756). 

This lactone melts at 142°, and is quite different in its other proper- 
ties from the acid melting at 84°. We next found that the new acid 
of melting point 84°, although it has the formula C;H,,0,(CO,H),, and 
forms a calcium salt, C,H,,0,(CO,),Ca, behaves in many of its reactions 
as a ketonic acid, C,H,*CO(CO,H),, containing 1 mol. of water 
less; thus it combines with phenylhydrazine and gives, with o-tolylene- 
diamine, a well characterised condensation product derived from an 
acid of the latter formula. 

In its properties, this acid shows considerable similarity to glyoxylic 
acid which crystallises in prisms having the formula CH(OH),°CO,H, 
and forms salts of the general formula CH(OH),°CO,M. On the 
other hand, glyoxylic acid shows the properties of the aldehydo-acid, 
CHO-CO,H, containing 1 mol. of water less, since it combines with hydr- 
oxylamine to form oximidoacetic acid, OH*N:CH-CO,H, and on treat- 
ment with phenylhydrazine is converted into phenylhydrazineglyoxylic 
acid, C,H,*N,H:CH-CO,H. This striking similarity in properties leads 
us to the conclusion that in the crystalline state and in its salts this new 
acid (m. p. 84°) is aa-dihydroxydimethylglutaric acid, of the formula 

CO,H-C(OH),*CMe,CH,°CO,H, 

but that, under suitable conditions, it can react as the corresponding 
ketonic acid, CO,H-CO*CMe,°CH,°CO,H. Since glyoxylic acid, on 
reduction, yields glycollic acid, we investigated the action of reducing 
agents on our new acid, and found that this behaved in an exactly 
analogous manner, yielding the lactone of a-hydroxydimethylglutaric 

acid (m. p. 112°, p. 758), 
| iti 2H)*CMe,° OH, 
CO : 
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a substance which we had previously obtained (Trans., 1899, '75, 56) 
by the action of sodium carbonate on ethyl hydrogen a-bromodimethyl- 
glutarate. 

In order to explain the formation of aa-dihydroxydimethylglutaric 
acid from dimethylketodicyclopentanecarboxylic acid, it may be 
assumed that, at one stage of the oxidation, the trimethylene ring is 
split by the addition of water, and that the hydroxy-derivative formed 
is further oxidised to the ketonic acid, thus: 


G(CO,H)-CH, __ C(OH)(CO,H)-CH, 


Me,C< by; — e =——— 60 


The dimethylsuccinic acid formed, in small ai at the same time 
is evidently produced by the further oxidation of the ketonic acid, 


C0-C0,H 00,H 
Me,C<o,-0,H Me,C<oy, -00,H’ 


The formation of aa-dihydroxydimethylglutaric acid from ethoxy- 
caronic acid by the action of hydrobromic acid (p. 762) and from 
aa-dibromodimethylglutaric acid by means of sodium carbonate sub- 
sequently placed the constitution of this acid beyond question. 


Reduction of Dimethylketodicyclopentanecarboxylic Acid. 


When this acid is treated with sodium amalgam (p. 782), it readily 
takes up two hydrogen atoms, with formation of an acid of the formula 
C,H,,0, (m. p. 103°), which at first was thought to be the correspond- 
ing hydroxy-acid. 


(CO,H): oH “ (CO,H): CH, 
Me Fe + 2H = MeC~<h, NOH 


Since, however, the reduced acid yields a well characterised semicarb- 
azone, it obviously still contains a ketonic group, and this fact, taken 
in connection with the other properties of the acid, shows that the 
two atoms of hydrogen which have been taken up have severed the 
trimethylene ring, this curious change oceurring before the reduction 
of the ketonic group. 


MeC<he it + oH = Men Hy 


The acid C,H,,0,, which is therefore dimethylketopentamethylenecarl- 
oxylic send, is not easily acted on by sodium aie A but if 
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large excess is employed, it is ultimately reduced to the corresponding 
iydrocydimethylpentamethylenecarboxylic acid (m. p. 115°). 


CH(CO,H): CH, 
Me0<oy CH-OH ° 


Although this is the most callie expanation of these facts, it was 
still necessary to prove that these substances were pentamethylene 
derivatives, since by the addition of two atoms of. hydrogen the tri- 
methylene ring might be broken in two other directions, yielding two 
isopropylketotetramethylenecarboxylic acids of the formule: 


Me,CH-C(CO,H)-CH, CH(CO,H)-CH, 
CH,——OO0 Me,CH:CH———0 ° 


It was fortunately found to be a comparatively easy matter to prove 
that the constitution assigned to dimethylketodicyclopentanecarb- 
oxylic acid is correct, since experiment showed that this acid, on oxi- 
dation with nitric acid, yields f-dimethylglutaric acid and aa-di- 
methylsuccinic acid thus : 


yas H): CH, 2 CH,°CO,H 
ae ements = C<on. ‘CO,H 


CO,H 
C<on,. *CO,H’ 


This process is exactly similar to that which has repeatedly been 
observed in the case of the oxidation of cycloketonic compounds; thus 
nitric acid oxidises ketopentamethylene to glutaric acid (Wislicenus 
and Hentzschel, Annalen, 1893, 275, 321), and ketohexamethylene to 
adipic acid (Wislicenus and Mager, ibid., 363), and the formation of 
dimethylglutaric acid’ in the above oxidation clearly shows that 
dimethylketodicyclopentanecarboxylic acid cannot be a derivative of 
isopropylketotetramethylene, 


Me, 


Action of Methyl Iodide on the Yellow Sodiwm Compound. 


When the yellow sodium compound, suspended in methyl alcohol, is 
boiled with methyl iodide, decomposition readily takes place with 
elimination of sodium iodide and formation of ethyl 5 : 5 : 2-trimethylketo- 
dicyclopentanetricarboxylate (p. 786). 

O(CO,Et)-CMe-CO, Kt 
Me,0<((C0,Et):0O , 
& colourless oil which distils constantly at 219° under 20 mm. 
pressure, 

This ester on hydrolysis with methyl alcoholic potash in the cold is 

converted into the corresponding colourless, crystalline potassium salt 
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of the formula O,H,O(CO,K),, and this when acidified is decomposed 
with elimination of carbon dioxide and formation of a crystalline 
acid melting at 146°. 


Since this acid is dibasic, its constitution may be represented by 
either of the formule 


C(CO,H):CMe-CO,H CO,H)-CHMe 
Me,C< ta a y Me,C< Sea 
a IT. 


and although we consider I the more probable, the evidence at our dis- 
posal. is not sufficient to enable us to definitely decide between the two 
possibilities. 
When the solution of the dibasic acid in water is heated at 180°, it 
is decomposed into carbon dioxide and trimethylketodicyclopentanecari- 


oxylic acid, 
Me,0< aid ge 


a crystalline acid which melts at 134°, is sparingly Soluble in water 
and, as a ketonic acid, readily yields a semicarbazone. 

Quite unexpected and very interesting results were obtained in in- 
vestigating the action of boiling ethyl alcoholic potash on ethyl tri- 
methylketodicyclopentanetricarboxylate. The product of this reaction, 
which: is a substance sparingly soluble in water and melting at 237°, 
has been clearly proved to be the lactone of hydroxytrimethylbutan- 
tricarboxylic acid (p. 788), and it must be assumed that in its formation 
2 mols. of water have been taken up with consequent complete dis- 
ruption of the dicyclopentane ring, probably according to the scheme: 

0(CO,H)-CMe-CO,H ostn ooe oe 
MesC<b00,H)-CO + H,0 = Me,C< 400, H)-CO,H 
C(OH)(CO,H)-CHMe:-CO,H 
+ H,O = MeC<05(C0,H)-CO,H 
2: ——0(CO,H)-CHMe-CO,H 
» MeC< or 00: } + 0O, + HO. 

In formulating the process in this way, we have been guided by 
the following properties of the acid : 

(1) It is a dibasic lactonic acid which yields a silver salt, C,)H,,0,48» 
and when boiled with baryta it is hydrolysed with formation of the 
tribasic barium salt, C,,H,,0,,Ba,. 

(2) The difficulty with which it is hydrolysed on boiling with wate: 
indicates that it is most probably a y-lactone. 

(3) When treated with acetyl chloride, it is converted into ant 
hydride melting at 94—96°, and this on treatment with alkalis yields 
again the same acid melting at 237°. The ease with which this a& 
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hydride is formed points to the probability of the two carbon atoms 
being attached to neighbouring carbon atoms, as in succinic acid. 
All these points are brought out in the formula represented above. 
It is, however, obvious that disruption of the trimethylene ring may 
take place in other ways with formation, for example, of a substance 
of the formula - 
Me,CH-C(CO,H)CHMe 
CO,H:CH—O—CO ° 


We hope to be able, at a later stage, to investigate the decomposition 
of this and other similar lactones described in this paper by fusion 
with potash (Baeyer, Ber., 1896, 20, 2795), in order to definitely prove 
their constitution. 

When the lactonic acid melting at 237° is distilled under diminished 
pressure and the distillate boiled with water, an isomeric acid melting 
ai 181° is obtained, which on treatment with acetyl chloride yields an 
anhydride melting at 131°. This anhydride on boiling with water is 
again converted into the acid melting at 181°. From this behaviour, it 
is obvious that this lactone of hydroxytrimethylbutanetricarboxylic 
acid exists in two isomeric forms, which may be represented thus: 


C0,H CO,H ©0,H 


Me,0< 4 CHMe Me,C< ¢ CHMe. 


CH,°CO-O CO,H CH,°CO-O 

trans- Modification. cis-Modification. 
Acid melts at 237°. Acid melts at 181°. 
Anhydride melts at 96°. Anhydride melts at 131°. 


These lactonic acids are very similar in constitution to the lactones 
Me,C-—-CO— 
MeC(CO,H)*CH-CO,H 
(Bredt, Annalen, 1898, 299, 136), which also yield anhydrides, They 
have also many points in common with the lactone of a-hydroxydi- 
Me,0-CH(CO,H)-CH-CO,H 
Qj) 


of cis- and trans-hydroxycamphoronic acid, 


methyltricarballylie acid, 


1896, 29, 2794). 

In searching the literature for examples of the disruption of the tri- 
methylene ring by means of alkali, we have been able to find only one 
case, which, however, is of an almost identical nature with that described 
above, Buchner and Witter (Ber., 1894, 27, 871) found that methyl 
dicarboxytrimethyleneacetate, when hydrolysed with caustic soda, did 
not yield the corresponding acid, but was converted, with disruption 
of the trimethylene ring and loss of carbon dioxide, into a dibasic 
lactonic acid (Paraconcarbonessigsiiure). 


(Baeyer, Ber., 
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CH-CO,Me 
CO,Me’CH,C(CO, H)<ty. -CO,Me gives 


CH: CO oH 
CO,H:CH,*CH< 
CH,CO- 0 


In order that our interpretation of the somewhat complicated decom- 
positions, which are described above, may be clearly understood, we 
append a table of the various substances which have been obtained 
from the product of the action of methyl iodide on the yellow sodium 
compound : 

TaB.eE II. 
O(C0, Et)-CMe-CO,Et 
Ma, Ceo, Et): bis 
B. p. 219° (20 mm.). 


C(CO,H)-CMe-CO,H CO,H)-CHMe 
Me,C <oes )" 7 Water at 180°. a7, 6 6 ) 


M. p. 146°. M. p. 134°. 


“ysejod o1foyoole 4OHT 


‘ysejod 
OI[OYoo]e 4oH 


| 
0902 H)-CHMe 


20 C(CO,H)-CHMe 
CH,-CO-O 60,H and? ~~CH,*CO- 0,H 
Ns m. p. 237°. cis-, m. p. 181°. 


I 


‘aptiopyo [A}I0V 


*epliopyo [AJOOV 


trans-Anhydride, Distil cis- whales 
m. p. 96°. —- mpl 
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Fuamination of the Behaviour of Ethyl Dicarboxydimethyltrimethylene- 


malonate, Me,0< FOOL) CH (COB), 
HCO, Et 


When this ester is digested with alcoholic potash, it yields two iso- 
meric substances, C,H,,0,, which melt, or rather decompose, at 158° 
and 188° respectively, and both of which are dibasic lactonic aeids. The 
behaviour of this ester with alcoholic potash is thus very similar to 
that just described in the case of ethyl trimethylketodicyclopentanetri- 
carboxylate, the trimethylene ring suffering disruption under the 
influence of the alkali. The constitution of these two lactonie acids 
may very probably be expressed by the formule 


-CH,*CO,H 


CH(CH,-C0,H) 
Me,C<oH(c0,H)—07 0 
II 


which represent them as structurally isomeric lactones of two hydroxy- 
dimethylbutanetricarboxylic acids. When these acids are heated, they 
decompose readily with evolution of carbon dioxide and formation of 
two different monobasic lactonic acids, C,H,,0,, which melt at 154° 
and 108° respectively.* 

Arguing by analogy, it is most probable that the carboxyl group, 
which is eliminated from I in this process, is that which is attached to 
the;tertiary carbon atom, especially as that atom is also united to the 
oxygen atom of the lactone ring. The lactone of hydroxydimethylbutane- 
dicarboxylic acid obtained from I will then be 

Meo GH OH 00,1. 

CH,*CO:0 
With regard to formula II, there are two possible monobasic lactonic 
acids which may result from the elimination of carbon dioxide, namely, 


cH naoc HICH, 
2 
IV. 12 


but of these two possibilities, the lactonic acid represented by V has 
already been prepared by Balbiano (Ber., 1894, 27, 2136 ; 1895, 28, 
1508; compare Mahla and Tiemann, Ber., 1895, 28, 2161), it melts 
at 164°, and is, apparently, different from the acid obtained by us. We 
are, therefore, of opinion that the constitutions of the lactones of the 
two hydroxybutanecarboxylic acids melting at 158° and 188° are re- 


III. 


* : 7 
If the acid melting at 158° and 188° had been stereoisomeric as in the case of their 


methyl derivatives (p. 745), they would doubtless have been converted into the same 


acid by the action of heat and elimination of carbon dioxide, 
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presented by I and II, but we have not, as yet, sufficient evidence to 
enable us to decide which of these belongs to the substance of melting 
point 158° and which to that of melting point 188° ; we propose, in the 
meantime, to name the first of these A and the second B. Similarly, 
we propose to name the monobasic lactonic acids melting at 154° and 
108°, which are probably represented by III and IV, the lactones of 
A- and B-hydroxydimethylbutanedicarboaylic acid, 


When ethy! dicarboxydimethyltrimethylenemalonate is treated with 
bromine, it is readily attacked with evolution of hydrogen bromide 
and formation of ethyl dicarboxydimethyltrimethylenebromomalonate 
(p. 769), 

C(CO,Et)* CBr(CO, Et), 
Mes0< 45-00, Et 
and we have carefully studied the action of alcoholic potash on this 
compound, in the hope that hydrogen bromide might be eliminated in 
the apparently only possible direction, with formation of the acid, 


C—CO,H 


Me,0¢ | O(CO,H),» 


A400 


which is a derivative of dicyclotetrane. 

We obtained in this way a monobasic anhydro-acid melting at 207°, 
which, on treatment with alkalis, is converted into a tribasic acid. 
Since this substance has the formula C,H,,0,, it is probably anhydro- 
dimethyltetramethylenetricarboxylic acid, 


aa CO,H po 
Me,C ( r 007 2 


reduction of the dicyclotetrane ring having taken place during hydro 
lysis. This reaction is being further investigated. 


Investigation of Ethyl Dicarboxydimethyltrimethylene-ethylmalonate, 
C(CO,Et)*CEt(CO,Et), 
Me,C<Oi.00,Bt 


The principal product of the action of alcoholic potash on this ester 
is a crystalline substance, O,,H,,O,, which melts at 175°, and the silver 
salt of which has the formula C,,H,,0,4g.; we were thus, in the 
first instance, led to suppose that hydrolysis had not been complete, 
and that this substance was the ethyl dihydrogen salt of the acid, 

C(CO,H)-CHEt-CO,H 
Me,0< 64.60, H 


FORMATION OF BRIDGED RINGS. PART I. 749 


Since, however, prolonged boiling with caustic alkalis did not further 
hydrolyse the substance, we were obliged to abandon this view, and 
further investigation has led us to the conclusion that this remarkable 
compound is ethoxydimethylethylketopentamethylenedicarboxylic acid, 


OEt)(CO,H):CEt-CO,H 
Moc MOO) GEOL 


The formation of such a substance may be assumed to be the result of 
the following reactions. 

Firstly, the alcoholic potash acts as a condensing agent and alcohol 
is eliminated, the reaction proceeding in much the same way as in the 
formation of the yellow sodium compound (p. 736) : 


((CO,Et)—CEt-CO,Et SOO) RE ae 
Me,O< 97(CO, Et) Et gives Me,C< (CO, Et): : 


and, secondly, the trimethylene ring suffers disruption with addition 
of alcohol (compare p. 744) : 


Me, ones yields on hydrolysis 
; 2 
C(OEt)(CO,H)-CEt-CO, H. 


Me,C< cH,— - 


Remarkable as this reaction undoubtedly is, we do not see any other 
way of explaining the composition and properties of the substance 
melting at 175°. The mother liquors of this substance yield, on ex- 
traction with ether, small quantities of two acids melting at 193° with 
decomposition, and at 213° without decomposition ; these can be separ- 
ated by means of their barium salts. Analysis shows that the former 
has the formula C,,H.,0,, and the results of titration prove conclu- 
sively that it is a tribasic lactonic acid ; there can thus be little doubt 
that it is the lactone of hydroxydimethylethylbutanetetracarboxylic acid, 


CO,H)-CEt(CO,H) 
Me,0< oC 2 2t*)e. 

*" CH," CO-0 
The substance of melting point 213° is a dibasic lactonic acid, C,,H,,0,, 
and therefore very probably one of the stereoisomeric modifications of 
the lactone of hydroaydimethylethylbutanetricarboxylic acid, 


CO,H):CHEt-CO,H 
Me,0< 7 (C0, ’ 
> “CH,*CO-O0 ; 
and as it shows little tendency to form an anhydride, and melts higher 
than the isomeride to be mentioned immediately, we have provisionally 
named it trans-. 
Although the ethoxypentamethylene derivative of melting point 


Cae AS “Seis Am I 
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175° is so stable towards alkalis, it is readily attacked by boiling con- 
centrated hydrochloric acid, with formation of a beautifully crystalline 
lactone dibasic acid, C,,H,,0,, which melts at 153°, and is evidently 
the cis-modification of the lactone of hydroxydimethylethylbutanetri- 
carbonylic acid. The formation of this dibasic lactonic acid is readily 
understood, if the constitution of the substance melting at 175°, which 
is given above, is accepted, and indeed this decomposition was one of 
the strong reasons which induced us to adopt this constitution. 


C(OEt)(CO,Et)-CEt-CO, Et (0H)(CO,H)-CEt-00,H 
Me,0<0(00, Et) —CO —MeCSoH,-00,H 00,1 


_. Me, (00, H)CHEt-00, 0 
“2” CH, C0-O 


When. heated a little above its melting point, or when treated with 
acetyl chloride, the dibasic lactonic acid melting at 153° is readily con- 
verted into its anhydride, C,,H,,0,, which on boiling with water again 
regenerates the same acid; for this reason, we have named this sub- 
stance the cis-modification. 


Stability of the Ketodicyclopentane Ring, especially as compared with 
that of the Trimethylene Ring. 


The study of the action of reagents on the carboxylic acids of 
dimethylketodicyclopentane has brought to light some remarkable 
changes which show the instability of a bridged ring of this nature 
under conditions which do not usually lead to the disruption of a 
saturated ring. In this connection, two reactions only need be men- 
tioned, namely, the behaviour of dimethylketodicyclopentanecarbonylic 
acid (p. 742) 1, on reduction, and 2, on oxidation(p. 740) ; other decom 
positions bearing on this interesting point will be readily noticed, espect- 
ally in reading the experimental part of this paper. It has already 
been mentioned that dimethylketodicyclopentanecarboxylic acid is very 
readily reduced, and the first stage of the process is the following: 

; . CO,H)*CH 
Meo<g to + 2H = MeC i oH) 1%, , 
that is to say, disruption of the trimethylene ring actually takes place 
before the reduction of the ketonic group, and this seems to us to show 
that in forming a bridge in the eyclopentane (pentamethylene) ming, 
the strain produced is so great that nascent hydrogen at the ordinary 
temperature is able to bring about its dissolution. The unstable 
nature of the bridge is further emphasised by the study of the be 
haviour of dimethylketodicyclopentanecarboxylic acid on oxidation, 
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when, instead of yielding, as we expected, a trimethylene derivative, 


thus : 
(CO,H)-CH, . (CO,H):CO,H 
Me,0<y ; a gives Me,C< H-00,H ae 


a reaction which would be exactly analogous to the formation of 
glutaric acid by the oxidation of ketopentamethylene, 


CH,-CH, ‘ CH,°CO,H 
CHs< oH 60 gives CBSSon,-00,H’ 
the reaction proceeds with disruption of the trimethylene ring and 
formation of aa-dihydroxydimethylglutaric acid, 
= »H)-CH, 
Me,C<h Siti iq 


f _-CH,CO,H 

gives Me,0< (OH),-CO,H’ 

The stability of the trimethylene ring has been made the subject of 
much investigation, and it is interesting to contrast the stability of 
the simple ring with that of the same ring in combination with a 
tetramethylene ring, as is the case in the dicyclopentane derivatives 
described in this paper. 

The most striking difference which is at once apparent is the fact 
that the trimethylene ring exhibits an unusual degree of stability 
towards reducing and oxidising agents. Thus, the trimethylenedi- 
carboxylic acids, 


CH:-CO,H 
-_ <u. ‘CO,H’ 


and 


are neither oxidised by permanganate nor reduced when treated with 
sodium amalgam, and in describing the caronic acids, 


CH-CO,H 
Me,0<br1.00.H1 


(which are more closely allied to the substances described in this 
‘Paper), Baeyer and Ipatieff (Ber., 1896, 29, 2798—2800) particularly 
emphasise their great stability towards oxidising and reducing agents. 
It is obvious, then, that the simple trimethylene ring is much more 
stable than the three-carbon ring in dicycopentane, and this we consider 
may be well explained by the assumption that in the latter hydrocarbon 
the bridge is produced under great strain, and therefore easily suffers 
disruption when treated with suitable reagents. 

From this it follows that, in many cases, it will not be possible to 
Predict, with any degree of certainty, the properties of a polycyclic 
compound from the consideration of the stability of the rings of which 
it is composed, Indeed, this is already apparent from the study of 
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many of the reactions of those members of the terpene series which 
are supposed to contain dicyclic rings. 


During the course of our investigation of the derivatives of dicyclo. 
pentane, we have had occasion-to prepare and examine some interestin 
derivatives of #B-dimethylglutaric acid, CO,H-CH,-CMe,-CH,;C0,H, 
and the results of these experiments may conveniently be briefly 
summarised as follows : 

aa,-Dibromodimethylglutaric acid, CO,H*CHBr-CMe,-CHBr-00,H, 
is obtained by treating dimethylglutaric acid with phosphorus penta- 
chloride and bromine and digesting the product with anhydrous formic 
acid. It melts at 187—-189°, and when treated with pyridine or boiled 
with water it yields the lactone of a-bromo-a,-hydroxy-BB-dimethyl- 
glutaric acid. pa n 

— 
Mes°< 0 (C0,H): 


This melts at 169—170°, gives an ethyl ester boiling at 201° under 45 
mm. pressure, and is characterised by the great stability of its bromine 
atom, which is not removed by boiling with silver nitrate and nitric 
acid. When, however, the bromolactone is boiled with strong potash, it 
yields the corresponding /actone of aa,-dihydroxy-BB-dimethylglutaric acid, 


CH(OH)—CO 
MeO ooo ' 


which melts at 142°, and seems to have little tendency to form a 
double lactone. 

When Bf-dimethylglutaric acid is brominated, the principal product 
is the aa,-dibromo-acid mentioned above, but, at the same time, a small 
quantity of the aa-dibromo-acid, CO,H*CBr,*CMe,*CH,°CO,H, is always 
formed, and on pouring the product of bromination into alcohol, the 
former is completely converted into the diethyl ester, whereas the 
latter yields, curiously enough, only the ethyl hydrogen salt which 
probably has the composition CO,H*CBr,*CMe,*CH,°CO,Et. 

This, when boiled with sodium carbonate, yields aa-dihydroaydimethyl- 
glutaric acid, an acid which, as has already been mentioned (p. 757), 
had been obtained in quite a different way, namely, by the oxidation 
of dimethylketodicyclopentanecarboxylic acid; the formation of the 
aa-dibromo-acid in the above example leads us to expect that when 
other dibasic acids containing two CH, groups (or a CH, ands 
CH group) next the carboxyl groups are brominated, besides the 
aa,-dibromo-acid, which is probably in all cases the principal product 
of the reaction, a certain quantity of the aa-dibromo-acid will also be 
found to be produced. 

Thus, in the case of the bromination of succinic acid, for 
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example, the product may very probably consist of the two acids 
(0,H-CHBr-CHBr-CO,H and CO,H-CBr,-CH,-CO,H, the latter 
bing present in such small quantity that it has so far been 
overlooked. 


In publishing this paper, we do so in order to place on record the 
mass of facts which has gradually accumulated, but weare, nevertheless, 
well aware that there is still much that is doubtful, particularly in 
regard to the constitutions of the various lactones described. We 
hope at a later date, as the result of further experimental investiga- 
tion, to be able to clear up these difficulties. 

During the four years which were required for carrying out this 
investigation, we have received most valuable help from Messrs. F. H. 
les and J. Yates, to the latter of whom, especially, most of the 
analyses given in this paper are due. Our thanks are also due to 
Mr. C. Walker for his assistance in the preparation of a considerable 
quantity of the necessary material. 

We wish also to state that much of the heavy expense, which is 
unavoidable in an investigation of this kind, has been met by repeated 
grants from the Government Grant Fund of the Royal Society. 


EXPERIMENTAL. 


Part I. Derivatives of BB-Dimethylglutaric Acid: Formation of 
Ethyl Dimethyltrimethylenemalonate and its Derivatives. 


By W. H. Perrin, jun., and J. F. Trorps. 


Preparation of B-Dimethylglutarie Anhydride, Me,o<C Hs 
of BB-Dimethylg c Anhydri 0<GH"00>0 
—When ethyl sodiocyanoacetate is condensed in alcoholic solution, 


with ethyl dimethylacrylate, the product consists for the most part of 
ethyl hydrogen a-cyano-#8-dimethylglutarate, 


CO,H-CH(CN)-OMe,*CH,-CO,Et, 


Vhich is converted by hydrolysis with sulphuric acid into B8-dimethyl- 
glutaric acid (Trans., 1899, '75, 52, 54). 

hh preparing, from the ethyl hydrogen cyano-ester, the large quan- 
tities of dimethylglutaric anhydride which were necessary for this 
tesearch, we found the following process to give the best results. 

The crude cyano-ester is heated with twice its volume of 50 per cent. 
sulphuric acid until all oil has passed into solution, the operation being 
cnducted in a flask connected with an air condenser so that the 
ileohol formed can escape ; from time to time, small quantities of 

VOL, L¥XIx, 3 F 
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water are added to keep the liquid at its original volume. The pro- 
duct is mixed with a saturated solution of ammonium sulphate, extracted 
several times with ether, the ethereal solution dried over calcium 
chloride and evaporated, when a dark brown, crystalline cake of crude 
dimethylglutaric acid is obtained. This is boiled with an equal 
volume of acetic anhydride for 2 hours; the acetic acid and the 
excess of acetic anhydride are then distilled off as far as possible 
under the ordinary pressure and the residue fractionated under 30 mm, 
pressure, when almost the whole of the anhydride passes over at 
180—190°, and immediately solidifies in the receiver. In order to 
further purify this, advantage is taken of the fact that the anhydride 
is sparingly soluble in dry ether, so that, if the crude product is ground 
up with dry ether, the impurities dissolve, leaving a residue of colourless 
crystals of the pure anhydride. 

The impurities extracted by the ether contain nitrogen, and after 
distilling off the ether, the residue is again boiled with dilute sulphuric 
acid and the whole process repeated as given above, when a further con- 
siderable quantity of pure anhydride is easily obtained. The properties 
of this compound have already been given (Trans., 1896, 69, 1475). 


Bromination of BB-Dimethylglutarie Anhydride. Formation of Ethyl 


aa,-Dibromo-BB-dimethylglutarate, CO,Et-CHBr-CMe,CHBr:00,Et, 
and Ethyl Hydrogen aa-Dibromo-BB-dimethylglutarate, 
CO,H-CBr,*CMe,°CH,°CO,Et (1). 


As mentioned in the introduction, BB-dimethylglutaric anhydride, 
when treated with phosphorus and bromine, is both symmetrically and 
unsymmetrically brominated, the proportions of the former product to 
the latter being approximately five to one. The conditions under 
which we always carried out this bromination were as follows. 

Pure dimethylglutaric anhydride (100 grams) was mixed with 300 
grams of phosphorus pentabromide and the mixture warmed on the 
water-bath until all had become liquid. Bromine (225 grams) 
was then gradually added and the whole heated on the water-bath 
until nearly colourless, a process lasting usually from 5—6 hours, 
The product, after cooling, was poured into four times its volume 
of absolute alcohol and the whole allowed to stand for 12 hours. 
The oil, which separated on adding water, was extracted with ether, 
washed with water and dilute sodium carbonate, and dried over calcium 
chloride. The ethereal solution on evaporating yielded 216 grams of 
ethyl aa,-dibromodimethylglutarate as a colourless liquid boiling at 194° 
under 30 mm. pressure. 


05336 gram gave 0°4213 AgBr. Br= 42°53. 
C,,H,,0,Br, requires Br= 42°79 per cent. 
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The sodium carbonate washings of the ethereal solution (see above) 
on acidifying gave a thick oil; this was extracted with ether, the 
ethereal solution washed with water, dried over calcium chloride, and 
evaporated, when an oil was obtained which, from the results of analysis 
and its behaviour on boiling with sodium carbonate, is evidently ethyl 
hydrogen aa-dibromo-BB-dimethylglutarate ; it is a thick oil which does 
not distil without decomposition. 


01976 gram gave 0'2134 AgBr. Br=46°5. 
C,H,,0,Br, requires Br = 46-2 per cent. 


The constitution of this substance is proved by its conversion into 
aa,-dihydroxydimethylglutaric acid, CO,H-C(OH),*CMe,*CH,°CO,H, _ 
by treatment with sodium carbonate (p. 757). 

aa,-Dibromo-BB-dimethylglutaric Acid,CO,H*CHBr-CMe,-CHBr-CO,H 
is best prepared in the following way. The dibromo-acid bromide, pre- 
pared by brominating dimethylglutaric anhydride with the theo- 
retical quantity of bromine and phosphorus pentabromide, as explained 
above, is poured into an equal volume of glacial formic acid, and the 
mixture heated on the water-bath until all has dissolved, On 
cooling, a large quantity of a crystalline solid separates, which can 
be collected and recrystallised from glacial formic acid, from which it 
is obtained in the form of large, colourless prisms melting at 187—189° 
with charring and evolution of gas. 


01827 gave 0:2129 AgBr. Br=49°9. 
C,H,,0,Br, requires Br = 50-2 per cent. 


Dibromodimethylglutaric Acid is readily soluble in hot water and 
separates from the solution unchanged if the operation is rapidly con- 
ducted, but since on boiling with water it is gradually decomposed 
with formation of the lactone of bromohydroxydimethylglutaric acid 
(see below), it is best to recrystallise it from formic acid. 


Lactone of a-Bromo-a,-hydroxy-BB-dimethylglutaric Acid, 


CHBr——CO 
MeO (00,80 


When dibromodimethylglutaric acid is mixed with excess fof 
Pyridine, a considerable development of heat occurs, and if the solution 
8 boiled for two minutes, then cooled, and poured into excess of hydro- 
thloric acid, the above lactone is obtained as a white, crystalline mass 
on extracting with ether. The same bromolactone is also gradually 
formed when the dibromo-acid is boiled with water, complete decom- 
— of the dibromo-acid being brought about after boiling for 12 

urs, ‘ 

3 F 2 
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Since, however, the bromolactone, during this process, undergoes 
further change and is partially converted into the hydroxylactone (see 
below), the pyridine method of preparation is to be preferred. The 
same bromolactone is also formed when dibromodimethylglutaric acid 
suspended in water is treated with moist silver oxide. 

The lactone of bromohydroxydimethylglutaric acid separates from 
hot water, in which it is readily soluble, in large, transparent prisms 
and melts at 169—-170°. It is a remarkably stable substance which 
distils unchanged and is unacted on by fuming nitric acid, or by 
boiling for 12 hours with pyridine. 


0°1811 gave 0°2373 CO, and0-0678 H,O. C=35:'7; H=4'1. 
01919 ,, 02459 CO, ,, 00690 H,O. C=35:0; H=4-0. 
C,H,0,Br requires C=35°4. H=3'8 per cent. 


Since no trace of silver bromide was formed when this bromolactone 
was boiled with fuming nitric acid and nitrate of silver, the substance 
was analysed for bromine by fusing it with potassium nitrate and 
carbonate. 


0:2113 gave 0:1659 AgBr. Br=33°5. 

C,H,O,Br requires Br = 33-7 per cent. 
canal t): J is readily obtained by boil- 
ing the alcoholic solution of the bromolactone with 10 per cent. of 
concentrated sulphuric acid on the water-bath for 12 hours. It isa 
mobile oil which distils without decomposition at 201° under 45 mm. 
pressure. 


0°1778 gave 0°2698 CO, and 0:0846 H,O. C=41:'3; H=5'2. 
03421 ,, 02417 AgBr. Br=301. 
C,H,,0,Br requires C=40°7 ; H=4:'9 ; Br=30°2 per cent. 


The ethyl ester, Me,C 


Lactone of aa,-Dihydroxy-BB-dimethylglutaric Acid, 
CH(OH)—-CO 
Me,O<on(c0,H)O ’ 

Although the bromolactone just described is extremely stable towards 
acids, it is readily acted on by alkalis, and boiling for 2 hours with 4 
25 per cent. solution of aqueous potash is sufficient to completely trans- 
form it into the above lactone. This compound is very soluble in 
water ; it distils without decomposition, and on warming with concen- 
trated sulphuric acid evolves carbon monoxide. For analysis, the 


substance was crystallised from dry ether, from which it separates in 
long needles melting at 140—142°. 
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0'1682 gave 0°2967 CO, and 0:0884 H,O. C=481; H=58. 
C,H,,0; requires C = 48°3 ; H = 5-7 per cent. 


The silver salt, C,H,,O,Ag,, of the dihydroxy-acid is obtained when 
‘silver nitrate is added to a warm neutral solution of the lactone in 
ammonia, as a white, crystalline powder moderately soluble in water, 


0'3522 gave 0°1866 Ag. Ag=52°8. 
C,H,,0,Ag, requires Ag = 53-0 per cent. ; 


When calcium chloride is added to the neutral solution of the am- 
monium salt, an insoluble calcium salt is thrown down, which may with 
advantage be used for the isolation of the lactone of the dihydroxy- 
acid from mixtures with other substances. 


aa-Dihydroxy-BB-dimethylglutarie Acid, 
CO,H -C(OH),*CMe,°CH,°CO,H. 


When ethyl hydrogen aa-dibromodimethylglutarate (p. 755) is dis- 
solved in sodium carbonate solution and boiled, care being taken to 
keep the solution faintly alkaline throughout the process, it is found 
that, after 2 hours, no oil is precipitated on acidifying. 

If the acidified solution is then saturated with ammonium sulphate 
and repeatedly extracted with ether, a gummy acid is obtained from 
the ethereal solution on evaporation which, when dissolved in excess of 
ammonia and mixed with calcium chloride solution, slowly deposits a 
large quantity of a crystalline calcium salt. On washing this salt, 
decomposing it with hydrochloric acid, and extracting with ether, a 
solid acid is obtained which crystallises from chloroform in long, silky 
needles and melts at 84°. It is extremely soluble in water, ether, or 
ethyl acetate, but only sparingly so in benzene, and is almost in- 
soluble in light petroleum. 


01607 gave 0:2618 CO, and 0°0931 H,O,. C=444; H=6°3. 
C,H,,0, requires C = 43°8 ; H = 6°3 per cent. 


The silver salt, C,H,O,Ag,, is precipitated as a white, crystalline 
powder on adding silver nitrate to a neutral solution of the ammonium 
salt. It explodes when heated. Analysis shows that it is the silver 
ult of the ketonic acid, CO,Ag*CO-CMe,-CH,-00,Ag. 


02516 gave 01395 Ag. Ag=55'44. 
C,H,0,Ag, requires Ag=55°6 per cent. 
C,H,,O,Ag, 3 Ag=58:2 ,; 
The calcium salt, C,H,,0,Ca, is characteristic, and separates slowly 
i the form of needles from a slightly alkaline solution of the ammon- 
lum salt on the addition of calcium chloride. 
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Condensation Product with o-Tolylenediamine, 
00,H-CH,-CMe,"C:N-O,H,°CH; 
bode ! 


— When a clear solution of o-tolylenediamine hydrochloride was mixed 
with sodium acetate and added to an aqueous solution of the acid and 
the whole boiled for a few minutes and allowed to stand, a crystalline 
precipitate separated which, after recrystallising from water, gaye 
the following results on analysis: 


02013 gave 04772 CO, and 01135 H,O. C=646; H=6:3. 
01582 ,, 03755 CO, ,, 00895 H,0O. C=64-7; H=63. 
01810 ,, 17:2 cc. nitrogen at 21° and 770 mm. N=10-96, 

C,,H,,0,N, requires C=64°6; H=6°1; N=10°8 per cent. 


There can scarcely be a doubt that the constitution of this con- 
densation product is that represented by the formula given above, and 
it is quite possible that other a-ketonic acids will be found to react 
with o-tolylenediamine and other o-diamines in the same way, yielding 
condensation products which may prove valuable as a means of 
diagnosing the nature of such acids. 


Lactone of a-Hydroxy-BB-dimethylglutaric Acid, 


Pel ay Sa é. 
CO 


In preparing this lactone, 5 grams of pure dihydroxydimethyl- 
glutaric acid (see previous section) were dissolved in sodium carbonate 
solution, and treated with excess of sodium amalgam in the cold;a 
stream of carbon dioxide being led into the solution during the process. 
After standing overnight, the solution was evaporated to a small 
bulk, acidified, and repeatedly extracted with ether, when on evapor- 
ating off the ether a solid substance remained, which. was purified by 
treating the solution in water with excess of ammonia, evaporating to 
dryness, and extracting the well dried solid ammoniumsalt with absolute 
alcohol. The alcoholic solution after filtering and mixing with four 
times its bulk of dry ether, gradually deposited small prisms of an 
ammonium salt, which were collected, decomposed with dilute hydro- 
chloric acid, and the solution extracted with ether. The solid lactone 
which remained after distilling off the ether was readily crystallised 
from a small quantity of water, from which it separated in glistening 
prisms, and these, after standing on a piece of porous plate e 
to the air for a week, furnished the following numbers on analysis: 


0:0988 gave 0:1740 OO, and 0:0614 H,O. C=48:0; H=6°9. 
C,H,,0,,H,0 requires C=47°8; H=6°8 per cent. 


This substance, which consists therefore of the lactone crystallising 
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with 1 mol. of water, melts indefinitely between 50° and 80°, at 
the same time giving up its water of crystallisation. In a vacuum 
desiccator over sulphuric acid, the hydrated crystals soon become a 
opaque owing to loss of water, and the dehydrated substance then Ay 
melts at 112° and consists of the pure lactone of a-hydroxydimethyl- BS 
glutaric acid. i 

0'1586 gave 0°3103 CO, and 0°0909 H,O. C=53'3; H=6°4. 

C,H,,0, requires C=53°2 ; H=6°3 per cent. 


This lactone is identical in all its properties with the lactone pre- i 
pared by us (Trans., 1899, '75, 56) by the action of sodium carbonate on gt 
ethyl hydrogen a-bromo-8f-dimethylglutarate, wan 


CO,H-CHBr-CMe,*CH,-C0,H, 


but at that time it was not noticed that the lactone possessed the 
property of crystallising with water. 

The rather remarkable property of a lactone crystallising with 
water without being converted into the hydroxy-acid has been observed 
before. Thus, Baeyer and Villiger (Ber., 1897, 30, 1955) showed 
that the B-lactone of dimethylmalic acid crystallises in prisms of the 
formula O,H,O,,H,O, and, as other examples, terpenylic acid and 
the lactones of hydroxycamphoronic acid, all of which crystallise 
with water, may be cited. 


Action of Ethyl Alcoholic Potash on Ethyl aa,-Dibromo-BB-dimethyl- 
é (OEt)-CO,H 

glutarate. Formation of Ethoxycaronic Acid, Me,0< -00.H * 

2 


The action of alcoholic potash on this dibromo-ester was studied 
‘CO,H 
with the view of preparing an acid of the formula Me,O<\) -CO,H 


the ethyl ester of which, as stated in the introduction, we considered 
to be an intermediate product in the formation of the yellow sodium 
compound (p. 732). We were; however, unable to obtain this un- 
saturated acid by this reaction, owing to the readiness with which it 
adds on alcohol to form ethoxycaronic acid. 

The hydrolysis was accomplished by heating equal weights of the 
bromo-ester and potash (dissolved in ethyl alcohol) for 3 hours on the 
water-bath, and then evaporating off the alcohol. The residue was 
dissolved in water, acidified, and extracted with ether in the usual way. 
The semi-solid mass which remained after distilling off the ether, 
Fields a crystalline acid on rubbing with concentrated hydrochloric 
acid ; this was collected and purified by crystallisation from benzene. 
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0°1871 gave 0°3662 CO, and 01174 H,O. C=53:-4; H=7-0, 
071659 ,, 0°3255 CO, ,, 01036 H,O. C=535; H=7°0, 
C,H, ,0, requires C=53°4 ; H=6-9 per cent. 

Ethoxycaronic acid crystallises from benzene or water in long 
needles and melts at 138°; it is readily soluble in water, alcohol, or 
hot benzene, but only sparingly so in light petroleum. 

One of its most characteristic salts is the calciwm salt, which sepa- 
rates as a sparingly soluble crystalline precipitate on heating a neutral 
solution of the ammonium salt with calcium chloride. 

The silver salt, C,H,,0,Ag,, separates from a neutral solution of the 
ammonium salt on the addition of silver nitrate as a white, amorphous 
precipitate. 

0°3195 gave 0°1652 Ag. Ag=51°7. 

O,H,,0,Ag, requires Ag=51°8 per cent, 
; (OEt)-CO_ ’ 

Ethoxycaronic Anhydride, Me,0< tpg , is formed either 
when the acid isdistilled under the ordinary pressure, or better, when 
it is heated with acetic anhydride and the product distilled. 

It is a colourless oil which distils at 160—165° under 50 mm. pres- 
sure, and on boiling with water is again converted into ethoxycaronic 
acid. 

01860 gave 0°3988 CO, and 0:1107 HO. C=585; H=66. 

C,H,,0, requires C=58°6 ; H=6°5 per cent. 


’ 2 


This reaction was studied in order to show that the first action of 
sodium ethoxide on the dibromo-ester is to eliminate 2 mols. of hydro- 


C-CO,Et .. 
gen bromide, forming an unsaturated ester, Me,C<H. 00, RY? which 
2 


then either reacts with the alcohol present to form ethyl ethoxy- 
caronate, or condenses with any other suitable substance, such as ethyl 
malonate, which may be present in the solution (p. 732). 

Ethyl aa,-dibromodimethylglutarate was digested with the theo- 
retical quantity of sodium dissolved in alcohol, and the mixture 
heated on the water-bath until neutral. Water was then added, 
and the oil which separated, extracted with ether and fractionated 
under diminished pressure, when almost the whole quantity distilled 
at 160° under 35 mm. pressure as a colourless oil. 


0°1866 gave 0°4055 CO, and 01412 H,O, C=59°3; H=8 4. 
C,,H,.0; requires C=60°5 ; H =8°5 per cent. 
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The rather low figures are accounted for by the fact that the sub- 
stance contained a trace of bromine. That it was ethyl ethoxycaronate 
was proved by its behaviour on hydrolysis. The oil was heated for 2 
hours with an equal weight of potash dissolved in alcohol, the alcohol 
removed by evaporation, and the residue acidified and extracted with 
ether, when on distilling off the ether a gum was obtained which 
gradually solidified. After crystallising twice from benzene, long 
colourless needles were obtained, which melted at 138° and con- 
sisted of pure ethoxycaronic acid. 


0:1807 gave 0°3536 CO, and 0:1127 H,O. C=534; H=6°9. 
C,H,,0, requires C=53°5 ; H=6°9 per cent. 


The yield of ethyl ethoxycaronate obtained in the above experiment 
was 90 per cent. of the theoretical, and this method, therefore, affords 
aconvenient way of obtaining this ester in quantity. 

In the hope of being able to split off alcohol from ethyl ethoxy- 

C-CO,Et 
aronate, and then obtain the unsaturated ester, Me ) rr) 
' 2°<G.00, Et 


quantity of the pure ester was heated to boiling for an hour under the 
ordinary pressure in a small distillation flask inclined so as to allow 
the oily liquid of high boiling point to flow back. On subsequent 
distillation, the whole passed over at 240°, and proved to be the un- 
changed ester. 
01489 gave 0°3309 CO, and 0:1155 H,O. C=606; H=8°6. 
C,,H,.0, requires C = 60°5 ; H=8°5 per cent. 


C(OMe)-CO,H 
CH:CO,.H ° 

When ethyl aa,-dibromodimethylglutarate is digested with an equal 
weight of potash dissolved in methyl alcohol for 2 hours, it is completely 
hydrolysed and on evaporating, acidifying, and extracting with ether, 
a semi-solid mass is obtained which, when rubbed with cold hydrochloric 
acid, yields a quantity of crystals of methoxycaronic acid. These were 
collected and recrystallised from dilute hydrochloric acid, from which 
the substance separates in small prisms. 


01867 gave 0:3507 CO, and 01081 H,O. C=51:2; H=6r4. 
C,H,,0, requires C= 51:1; H=6:4 per cent. 


Methoxycaronic Acid, Me,C<— 


Methoxycaronic acid melts at 148°, and, when distilled, water is 
eliminated, and the acid converted into the anhydride, a colourless 
liquid boiling at 169° under 33 mm. pressure. 


02164 gave 0-4821 CO, and 01149 H,O. C=56-7; H=5°9. 
C,H, ,0, requires C= 565 ; H=5-9 per cent. 
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On boiling this anhydride with water, it is slowly reconverted into 
methoxycaronic acid. ‘ 


Action of Sulphuric Acid and of Hydrobromic Acid on Ethoxy- and 
Methowy-caronic Acids. Formation of aa-Dimethylsuccinic Acid, 
CO,H:CMe,°CH,°CO,H, and of aa-Dihydroxy-BB-dimethylglutaric 
Acid, CO,H-C(OH),*CMe,*CH,*CO,H. 


When ethoxycaronic acid or methoxycaronic acid is heated with 
concentrated sulphuric acid at 100°, a rapid evolution of carbon 
monoxide ensues, and the liquid now contains aa-dimethylsuccinic 
acid, a curious decomposition, for which an explanation is given in 
the introduction. After the evolution of gas had ceased, the product 
was cooled, mixed with twice its volume of water, saturated with 
ammonium {sulphate, and extracted several times with ether. The 
ethereal solution; was dried and evaporated, when a solid acid was 
obtained which*crystallised from hydrochloric acid in needles melting 
at 139—140°, and showed all the properties of aa-dimethyleuccinic 

0-1795 gave 0:3242 CO, and 0'1111 H,O. C=49:2; H=6°9. 

C,H,,0, requires C= 49°3; H=6°8 per cent. 


The solution fof this acid in a slight excess of ammonia gave, on 
boiling with jcalcium chloride, the characteristic calcium salt of 
dimethylsuccinic acid ; and a quantity of the acid, after boiling with 
acetyl chloride and distillation, yielded the anhydride of dimethyl 
succinic acid melting at 29°. 

When either} ethoxy- or methoxy-caronic acid is heated with con- 
centrated hydrobromic acid in a sealed tube at 100° for 5 hours, it is 
quantitatively converted into aa-dimethylsuccinic acid. 

If, however, the action of hydrobromic acid is first allowed to 
take place in the cold, that is to say, if the mixture of the ethoxy- 
or methoxy-acid and hydrobromic acid (saturated at 0°) is allowed to 
stand for 12 hours at the ordinary temperature and then evaporated 
on the water-bath, the product consists of an unstable bromo-acid 
which is evidently aa-dibromodimethylglutaric acid, 

CO,H-CBr,*CMe,°CH,°00,H, 
since on boiling with water it is quantitatively converted into ac-di- 
hydroxydimethylglutaric acid, CO,H-C(OH),*CMe,*CH,CO,H. 

The acid thus obtained crystallised from chloroform in needles melt- 
ing at 84° and a direct comparison showed that it was identical with 
the dihydroxy-acid prepared by the action of sodium carbonate 
on ethyl hydrogen aa-dibromodimethylglutarate, and described o 
p. 757. 
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0'1577 gave 0°2541 CO, and 00920 H,O. C=43°9; H=6°4. 
01713 ,, 02751 CO, ,, 00991 H,O. C=43'8; H=6-4. 
C,H,,0, requires C= 43°8; H= 6-2 per cent. 


Action of Ethyl Dibromodimethylglutarate on Ethyl Sodiomalonate. 
Formation of Ethyl Dicarboxydimethyltrimethylenemalonate, 
Me.C ot 9a 
2" ~CH:CO,Et 


For reasons explained in the introduction, and in order that this 
process, Which lies at the base of the formation of the dicyclopentane 
compounds described in this paper, should be thoroughly understood, the 
reaction was carried out under varied conditions, two of which may be 
described in detail. 

Experiment 1.—The proportions used were : ethyl malonate (2 mols.), 
sodium (2 at.), and ethyl dibromodimethylglutarate (1 mol.), The 
sdium (5 grams) was dissolved in 60 grams of absolute alcohol, mixed 

When nearly cold with the ethyl malonate (36 grams), and then with 
the dibromo-ester (40 grams). On heating the mixture on the 
vater-bath, sodium bromide soon began to separate, and at the end of 
an hour the reaction was finished. The deep yellow product was washed 
with water and with dilute sodium carbonate, dried over calcium 
chloride, and evaporated, when 62 grams of an oil containing ouly 
traces of bromine were obtained. On distilling this under 30 mm. 
pressure, about 20 grams passed over below 135°, and consisted princi- 
pally of ethyl malonate. The thermometer then rose rapidly to 215°, 
almost the whole of the residue passing over between this and 230°. 
Some of this fraction was redistilled, and the portion boiling at 222° 
uder 30 mm. pressure analysed. 


01511 gave 0-3191 CO, and 0:1055 H,O. C=57°6; H=7°7. 
C,,H,,0, requires C=58'0 ; H=7°5 per cent. 


This ester gave, on hydrolysis, the lactones of the hydroxydimethyl- 
butanetricarboxylic acids (p. 764), and when treated with sodium 
ethoxide and ethyl iodide it was converted into ethyl dicarboxyethyl- 
dimethyltrimethylenemalonate (p. 770); there can therefore be no 
doubt that it is ethyl dicarboxydimethyltrimethylenemalonate, and has 
the constitution represented by the formula at the head of this section. 

Experiment 11.—The proportions used were approximately 21 grams 
of ethyl malonate (1 mol.), 6 grams of sodium (2 at.), and 47 grams 
of ethyl dibromodimethylglutarate (1 mol.). The details of the carrying 
out of the reaction and isolation of the product were the same as in 
Expt. I, The 45 grams of neutral oily product obtained distilled, for 
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the most part, at 222—225° under 30 mm, pressure, and furnished the 
following results on analysis : 


0°1366 gave 0°288 CO, and 0°0952 H,O. C=57:7; H=7-7, 
C,,H,,0, requires C=58°0 ; H=7°5 per cent. 


A small quantity of this oil, on hydrolysis, yielded the same products 
as in the case of the ester obtained in Expt. I, so that it also must be 
ethyl dicarboxydimethylirimethylenemalonate. 


Hydrolysis of Ethyl Dicarboxyldimethyltrimethylenemalonate. Form- 
ation of the Lactones of A- and B-Hydroxydimethylbutanetricarboxylic 


Acids, Me,0< iat ca and 


CH,*CO- 
H(CH,*CO,H 
= OH(CO°H) 9700. 

When equal weights of the ethyl ester and potash are dissolved in 
methyl alcohol, a deep yellow solution is formed, which, on heating, 
gradually loses its yellow colour, and is completely hydrolysed after 
boiling for 2 hours. Water is now added, and the solution, after 
evaporating until quite free from methy] alcohol, and then acidifying, 
is saturated with ammonium sulphate and extracted at least 20 times 
with ether. The ethereal solution, after drying over calcium chloride 
and evaporating, deposits a thick, brown oil, which on standing becomes 
semi-solid ; in contact with porous porcelain, most of the oily matter is 
absorbed in about a week, leaving a brown, crystalline mass weighing 
about one-third of the ester employed in the hydrolysis. When this 
crude mass is ground up with cold water, about half dissolves, and on 
filtering on the pump an ochre-coloured substance remains, which is 
sparingly soluble in cold water, and may be readily obtained in the 
form of colourless prisms by repeated recrystallisation from water 
with the aid of animal charcoal. 

0°1376 gave 0°2522 CO, and 00698 H,O. C=500; H=5°. 

01730 ,, 03168 CO, ,, 0°0884H,O. C=49'9; H=57, 

C,H,,0, requires C=50°0 ; H=5°6. 

This lactone of B-hydroxydimethylbutanetricarboxylic acid melts, 
when rapidly heated, at about 188—190° with evolution of gas, but the 
melting point, which is in reality the decomposing point, varies con- 
siderably with the rate of heating. 

That this substance is a dibasic acid is proved by its behaviour on 
titration with decinormal.caustic soda, when 0:2635 gram required for 
neutralisation 0°1 gram NaOH. Assuming the acid to be dibasic, this 
quantity should have neutralised 0°098 gram NaOH ; boiling with 
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excess of decinormal soda appears to hydrolyse the lactone ring only 
very gradually. 

The Lactone of A-Hydroxydimethylbutanetricarboxylic Acid,—The 
aqueous solution obtained by treating the crude solid product of the 
hydrolysis of the ester with cold water, as described above, was satu- 
rated with hydrogen chloride, taking care that the temperature did not 
rise above 40° during the operation. After standing for some days, 
the crystals which had separated were collected, washed with hydro- 
chloric acid, * dissolved in as little water at 50° as possible, and the 
solution cooled with ice and well stirred, when a very small quantity 
of the lactone of the B-acid crystallised out. After filtering, the fil- 
trate was saturated with hydrogen chloride as before, and the crystals, 
which separated on standing, were collected, drained on porous porcelain, 
dried at 80°, and analysed : 


01581 gave 0°2836 CO, and 0:0819 H,O. C=48:9; H=5°7. 
01423 ,, 02586 CO, ,, 00737 H,O. C=495; H=5°7. 
C,H,,0, requires C=50-°0 ; H=5°6 per cent. 


This lactone, when heated in a capillary tube, decomposes with 
evolution of gas at about 158°; it is much more readily soluble in 
water than the lactone of the B-hydroxy-acid. On titration, it behaves 
asa dibasic acid, since 0°2398 gram required for neutralisation 0°088 
gram NaOH, whereas this amount of a dibasic acid, C,H,,0,, should 
neutralise 0:086 gram NaOH. 


Lactones of A- and B-Hydroxydimethylbutanedicarboaylic Acids, 

/——_ CH: CH, CO,H CH(CH,°CO,H 
Me,0\on,.- wR and Me0< on. 

When the lactone of B-hydroxydimethylbutanetricarboxylic acid 
(m. p. 188°) is heated at 190—200°, it decomposes with evolution of 
carbon dioxide, and in investigating this curious decomposition, we, in 
the first place, determined quantitatively the amount of gas produced 
in this way. The experiment was carried out by heating the substance 
to its decomposing point in a platinum boat in an empty piece of 
combustion tube, placed in a combustion furnace, and collecting the 
carbon dioxide evolved in potash bulbs, much in the same way as if an 
elementary analysis were being performed. 


I, 0-577 gave 0:1098 CO,. CO,=19°0. 
IL 0-453 ,, 0:0937 CO,. C©O,=20°7. 


* The mother liquors from these crystals, on evaporation at the ordinary tem- 
perature over sulphuric acid and solid potash in a vacuum desiccator, deposit a 
further crop of crystals of the same substance. 
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Assuming the reaction O,H,,0,=0,H,,0,+CO, to take place, 
the loss of carbon dioxide should be 20°4 per cent. 

A portion of the residue in experiment II, after boiling with 
water and animal charcoal and evaporating to dryness, was analysed, 
with the following results : 

0°113 gave 0°232 CO, and 0°:0712 H,O. C=56:0; H=6-7. 

O,H,,0, requires C=55°8 ; H=7-0 per cent. 
so that, apparently, no decomposition other than loss of carbon dioxide 
takes place during this process. 

About 5 grams of the pure lactone of the B-hydroxytribasic acid 
were now heated at 200° in a test-tube, placed in a sulphuric acid bath 
until all evolution of gas had ceased, and the residue, which was a 
thick, almost colourless, resin very readily soluble in water, was 
dissolved in « slight excess of dilute ammonia, and the solution mixed 
with calcium chloride. The crystalline, sparingly soluble calcium salt, 
which gradually separated on boiling, was collected on the pump, 
rapidly washed with hot water, decomposed with dilute hydrochloric 
acid and the solution repeatedly extracted with pure ether. After 
drying over calcium chloride and evaporating off the ether, a thick, 
transparent resin remained which, on standing for some weeks ina 


desiccator over sulphuric acid, began to crystallise in nodular masses 
and ultimately became quite hard. On grinding up the mass with 
hydrochloric acid, a trace of oily impurity was removed and the 
residue, after draining on porous porcelain, was a hard, colourless, crys- 
talline substance which melted at 107—108°, and was analysed with 
the following results : 


0°1256 gave 0:2538 CO, and 0°0772 H,O. C=55:1; H=6°8. 
C,H,,0, requires C=55°8 ; H=7:0 per cent. 

As these numbers were rather low, the substance was dissolved in 
very little water, the solution saturated with hydrogen chloride at 
about 30° and allowed to stand, when hard, crystalline crusts separated, 
which, however, furnished a still less satisfactory result on analysis: 


0:1571 gave 0°3152 CO, and 00950 H,O. C=54:7; H=6°7 percent. 


It was then found that the crystals, which again melted at 108°, 
contained traces of chlorine, due, no doubt, to the action of the hydro- 
chloric acid, and this accounts for the rather low analytical numbers. 

The lactone of B-hydroxydimethylbutanedicarborylic acid is very 
readily soluble in water, forming a strongly acid solution, which o 
titration takes up rather more alkali than'calculated on the basis of its 
being a monobasic acid, showing that hydrolysis of the lactone ring 
takes place to a small extent at the ordinary{temperature. 

0°2064 gram of the acid dissolved in cold water required for neutral: 
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isation 0:054 gram NaOH, whereas this quantity of a monobasic acid, 
0,H,,0, requires 0°048 gram NaOH, but if it became dibasic in solution 
it would neutralise 0°096 gram NaOH. 

The calcium salt, (C,H,,0,),Ca,4H,O (?), obtained as described 
above, and dried at 100°, was analysed : 


0:2300 gave 0°1026 CaSO, Ca=13"1 per cent. 


A different sample of the salt was prepared from the avid melting 
at 108° by boiling with excess of calcium chloride and ammonia, The 
erystalline crusts which separated were well washed with hot water, 
dried at 100°, and analysed, with the same result as before : 


0:1303 gave 0°057 CaSO,. Ca=13'2 per cent. 


These numbers agree well with the formula (C,H,,0,),Ca,4H,0, 
which requires Ca=13°3 per cent., but this formula must remain 
doubtful until an actual determination of the water of crystallisation 
has been made. It is, however, worthy of note that other calcium salts 
of similarly constituted lactonic acids are known which contain water 
of crystallisation, and do not become anhydrous at 100°. Thus, for 
example, the calcium salt of the lactone of a-hydroxydimethyltri- 
carballylic acid (Baeyer, Ber., 1896, 29, 2795) has the formula 
0,H,0,Ca,3H,O, and still contains 1 mol. of water of crystallisa- ~ 
tio when dried at 125° until éonstant. 


When the lactone of A-hydroxydimethylbutanetricarboxylic acid, 
(m. p. 158°) is heated at 200°, it is decomposed like the lactone of the 
Bacid with elimination of carbon dioxide and formation of a resinous 
substance very soluble in water. As it was thought at the time that 
this was probably the same acid (m. p. 108°) as that obtained from 
the lactone of the B-hydroxy-acid, the whole was boiled with excess 
of ammonia and’ calcium chloride, but no crystalline salt separated 
until the solution had been evaporated to a small bulk, and this on 
cooling and diluting with a little water again dissolved completely. 

The whole was acidified and extracted with ether, and the residue, 
after distilling off the ether, allowed to stand over sulphuric acid, 
when it gradually became semi-solid. After 10 days, the mass was 
ground up in a mortar with concentrated hydrochloric acid, which 
dissolved the resinous impurity, and left a colourless, crystalline acid ; 
this, after washing with hydrochloric acid, melted at 154—156°, with 


slight previous softening, and furnished the following numbers on 
analysis ; 


0157 gave 0:3186 CO, and 0:0947 H,O, C=55:3; H=6°7. 
C,H,,0, requires C=55°8 ; H=7-0 per cent. 
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The lactone of A-hydroxydimethylbutanedicarboxylic acid is much 
less soluble in water than that of the B-acid. That it is a monobasic 
lactonic acid is shown by the following results, which were obtained on 
titration with decinormal caustic soda. 

0°145 gram dissolved in hot water and the solution, after cooling 
to 20°, titrated rapidly, neutralised 0:043 gram NaOH; on adding 
excess of decinormal caustic soda, boiling for a few minutes, and 
titrating back, it was found that 0°064 gram NaOH had been taken 
up. This amount of a monobasic acid, C,H,,0,, requires 0-034 gram 
NaOH, and if dibasic 0:067 gram NaOH, for neutralisation. 

These numbers show, therefore, that the acid is a monobasic lactone 
acid, but, that in aqueous solution, partial hydrolysis of the lactone ring 
has taken place, such hydrolysis to the disbasic hydroxy-acid being 
complete when the solution is boiled with an excess of decinormal 
caustic soda. 


Action of Sodium Ethowide on Ethyl Dicarboxydimethyltrimethylene- 
malonate. Formation of the Yellow Sodiwm Compound of Ethyl 
Dimethylketodicy clopentanetricarboxylate, 

_-G(CO es Et 
Me,C<h(G0,Bt)-GO 


This interesting condensation was carried out in alcoholic solution 
with sodium ethoxide and also in xylene solution by the action of 
sodium, in both cases with the same result, so that the first experiment 
only need be described in detail. 

The pure ethyl ester (5 grams) was dissolved in alcohol, mixed 
with an excess of a strong solution of sodium ethoxide containing 2 
grams of sodium, and heated on the water-bath for 3 hours, The 
deep yellow solution was then evaporated to remove alcohol as far as 
possible, and mixed with water, when a quantity of the yellow sodium 
compound separated, and this, after washing first with water and then 
with alcohol and ether and drying at 100°, was analysed, with the 
following result : 


0°3512 gave 0°0727 Na,SO,. Na=6°7. 
C,,H,,0,Na requires Na = 6°6 per cent. 


This yellow sodium compound when dissolved in methyl alcohol 
gave an intense red coloration with ferric chloride, and on hydrolysis 
with dilute sulphuric acid was converted into dimethylketodicyclopentant- 
carboxylic acid melting at 180°; therefore there can be no doubt that 
it is identical with the yellow sodium compound which was sub- 
sequently prepared in large quantities by the process explained on 
p. 776. 


= > 
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On acidifying the mother liquor from which the sodium compound 
had been isolated as described above, an oil separated which, when 
hydrolysed with dilute sulphuric acid, gave a considerable quantity of 
the above ketonic acid melting at 180°. This oil, which is evidently an 
acid ethyl ester, is doubtless the same as that always produced in the 
preparation of the yellow sodium compound by the process given on 
p. 776. 

Ethyl Dicarboxydimethyltrimethylenebromomalonate, 
(CO,Et)-CBr(CO,Et), 
Me,C<bys.c0,nt 


When ethyl dicarboxydimethyltrimethylenemalonate (11 grams) 
was mixed with rather more than the theoretical quantity of bromine 
(5 grams) and the mixture heated on the water-bath in a flask fitted 
with a long air condenser, hydrogen bromide was evolved in quantity, 
and after 3 hours the whole of the bromine had disappeared. The 
product was poured into water, extracted with ether, the ethereal 
solution washed repeatedly with dilute sodium carbonate, dried over 
calcium chloride, and evaporated, when a heavy, brown oil was obtained 
which, after standing for some days over sulphuric acid in a vacuum, 
furnished the following results on analysis : 


04342 gave 0°1863 AgBr. Br=18°3. 
C,,H,,O,Br requires Br=17°7 per cent. 


Hydrolysis with Alcoholic Potash.—When this bromo-ester was 
mixed with excess of alcoholic potash, hydrolysis took place readily, 
and after heating on the water-bath for 2 hours water was added, 
the clear liquid evaporated to dryness, acidified, and repeatedly ex- 
tracted with ether. 

The gum which remained after distilling off the ether was dissolved 
ina slight excess of ammonia and boiled with calcium chloride, by 
which means a considerable quantity of coloured impurity was pre- 
Cipitated, 

After filtering, the filtrate was acidified, again extracted with ether, 
and the gummy acid heated at 200° until evolution of gas ceased ; the 
dark coloured mass was then ground up with pure dry ether, which 
dissolved the oily impurity and left a small quantity of a sandy, crys- 
talline powder. This was dissolved in much dry ether, the ethereal 
solution evaporated to a small bulk and allowed to stand, and the crys- 
talline crust, which gradually separated, collected and analysed : 

01214 gave 0-2425 CO, and 0°0554 H,O. C=545; H=5'l. 

C,H,,0, requires C=54°5 ; H=5:l per cent, 

As explained in the introduction, it is exceedingly probable that 
this substance is 
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Anhydrodimethyltetramethylenetricarboxylic Acid, 


Me,0 ca aga 
It melts at 207—210° and is very sparingly soluble in ether or 
light petroleum, but readily soluble in acetone ; it dissolves readily in 
water on boiling, forming a very soluble acid, which, on evaporating 
the solution almost to dryness, is obtained in the form of crystals, 
but owing to the difficulty of purifying it, has not yet been isolated 
in a form suitable for analysis.. 

That a tribasic acid is formed in this way is proved by the following 
experiment. 0:0684 gram of the pure anhydro-acid was boiled with 
water and the solution titrated with decinormal sodium hydroxide, 
when 0°0416 gram NaOH were neutralised ; assuming that the acid 
formed is tribasic, this amount should neutralise 0°0415 gram NaOH. 

The solution thus obtained is stable to permanganate for several 
minutes, showing that the acid is saturated. 


Ethyl Dicarboxydimethyltrimethylene-ethylmalonate, 
Me,0< 


(C0, Et)-CEt(CO,Et), 
CH:CO,Et 


In preparing this ester, ethyl dicarboxydimethyltrimethylenemalon- 
ate (11 grams) was added to a solution of sodium (0°9 gram) in ab- 
solute alcohol (15 grams) and the yellow solution then mixed with 
ethyl iodide (10 grams) and heated for 6 hours on the water-bath. 
The oil, which was precipitated on adding water, was extracted with 
ether, the ethereal solution well washed with water, dried over calcium 
chloride, and evaporated, and the residual yellow oil fractionated, when 
almost the whole quantity passed over at 230—232° under 30 mm. 
pressure as a slightly yellow oil, which was analysed with the 
following results : 


0:1633 gave 0°3516 CO, and 01141 H,O. C=58'7; H=77. 
C,)H,,O, requires C=60°0; H =8-0 per cent. 


As the results of analysis seemed to indicate that the substance 
might still contain some of the original ester, which had escaped the 
action of the sodium ethoxide and ethyl iodide, it was treated again, 
exactly as before, with these reagents. The product, which distilled 
at the same temperature as before, now furnished correct results o 
analysis : 

0'1754 gave 0°3871 CO, and 0'1239 H,O. C=602; H=7%. - 

01403 ,, 0308800, ,, 0:1019H,O. C=60:0; H=8'l. 

C,,.H,,0, requires C= 60-0; H=8-0 per cent. 


—_—~—- Ws Lal "> 


FORMATION OF BRIDGED RINGS. PART I. 771 


Ethyl dicarboaydimethyltrimethylene-ethyl malonate, which is formed 
almost quantitatively in the above reaction, is a thick oil which, when 
heated in small quantities, appears to distil under the ordinary pressure, 
almost without decomposition. 


Dimethylethylethoxyketopentamethylenedicarboaxylic Acid, 
C(OEt)(CO,H)CEt:CO,H 
Me,C< OH, ; 


This substance is produced by the hydrolysis of the ester described 
in the previous section. The pure ester (20 grams) was added to a 
solution of potash (25 grams) in methyl alcohol, when a dark yellow 
solution was produced which, on boiling, gradually became dark brown. 
After 2 hours water was added, the solution evaporated until free 
from alcohol, extracted with ether to remove a trace of neutral oil, 
acidified, and the liquid, after saturating with ammonium sulphate, 
extracted 20 times with ether ; the ethereal solution was then dried 
over calcium chloride and evaporated. The dark-brown residue (12 
grams) gradually deposited crystals, and after 10 days the semi-solid 
mass was well stirred with a little cold water, filtered on the pump, 
and the ochre-coloured residue (6 grams) dissolved in hot water, boiled 
with animal charcoal, and filtered. The filtrate on slowly cooling 
deposited beautiful, glistening, prismatic needles, which were collected, 
recrystallised from water, and analysed : 


0178 gave 03736 CO, and 0°1197 H,O. C=57:2; H=7'5. 
C,,H,,0, requires C=57°3 ; H=7°3 per cent. 


The acid melts at 175° without decomposition, but gives off gas 
slowly at 190°, much more rapidly at 200—210°. 

The silver salt, C,,H,,O,Ag,, was obtained as a white, crystalline 
powder on adding silver nitrate to a warm, slightly alkaline solution 
ofthe ammonium salt. On analysis: 


02165 gave 0°2520 CO,, 0°075 H,O, and 0:0954 Ag. 
C=317; H=3°8; Ag=44'1. 
C,,H,,0,Ag, requires C= 32:1; H=3°7; Ag= 44:3 per cent. 


As this substance was at first thought to be an acid ester (see p. 748), 
experiments were tried as to its behaviour with strong alkalis, with 
the view of further hydrolysing it. 

It was found, however, that digestion with aqueous potash or baryta 
apparently had no effect on it, as, on acidifying, the greater part 
of the substance was recovered urichanged. In one experiment, the 
bstance was digested with a large excess of aqueous potash (10 per 
ent.) for 2 hours when, on acidifying and extracting with ether, # 

342 
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solid was obtained which crystallised beautifully from water, and fur- 
nished the following numbers on analysis : 


01628 gave 0:3462 CO, and 0:1071 H,O. C=579; H=7°3. 
C,,H,0, requires C=57'°3; H=7°3 per cent. 


Since these crystals melted at 170—175°, it is evident that boiling 
with potash had not effected any change in the substance. 

When the pure substance is heated in a fractionating flask, it 
decomposes and gives off a small quantity of a liquid of low boiling 
point which is apparently alcohol; the residue then distils at 
270—300° with hardly any charring. On redistillation, almost the 
whole quantity passed over at 270—275° as a colourless oil which, on 
analysis, gave the following numbers : 


0°1524 gave 0°3614 CO, and 0°1031 H,O. C=64:7; H=755. 


Unfortunately, the quantity of this oil at our disposal was too small 
to allow of further investigation. 


Lactone of Dimethylethylhydroxybutanetetracarboxylic Acid, 
aia 


The dark-coloured aqueous mother liquors obtained after the separ- 
ation of the crystals of dimethylethylethoxyketopentamethylenedicarb- 
oxylic acid from the semi-solid product of the hydrolysis of ethyl 
dicarboxydimethyltrimethylene-ethylmalonate, as described in the last 
section, were boiled with an excess of barium hydroxide, and the 
almost colourless, bulky, amorphous precipitate which formed was col- 
lected on the pump and well washéd with water. 

The salt was then decomposed by dilute hydrochloric acid, the clear 
solution extracted 10 times with ether, the ethereal solution dried over 
calcium chloride and evaporated, when a transparent, resinous residue 
was obtained, which on rubbing with a glass rod gradually became 
semi-solid. The mass was left in contact with porous porcelain until 
dry, and purified by recrystallisation from warm water with the aid of 
animal charcoal. The substance separates from water in minute 
prisms, and under the microscope is seen to be quite homogeneous ; it 
melts at about 193°, with evolution of gas. 


0°178 gave 0°3275 CO, and 0:0906 H,O. C=50°1; H=5°6. 
C,,.H,,0, requires C=50°0; H=5°6 per cent. 
That this substance is the lactone of dimethylethylhydroxybutanetera 
carboxylic acid, and has the constitution represented at the head of 


this section, is rendered probable, not only by the analysis, but also by 
the results obtained on titration with decinormal sodium hy 
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0:2075 gram dissolved in cold water and rapidly titrated, required for 
neutralisation 0°084 gram NaOH, whereas this amount of a substance 
of the formula C,,H,,Og, if tribasic, should neutralise 0086 NaOH. 
On boiling with an excess of the alkali for a few minutes and titrating 
back, it was found that 0°115 gram of NaOH had now been neutral- 
ised, indicating that hydrolysis of a lactone ring had taken place, and 
the substance become tetrabasic ; this would require 0°115 gram NaOH. 

It would be interesting to ascertain what compound is formed when 
this substance decomposes at 193°, but unfortunately the small quan- 
tity of material at our disposal was insufficient for the purpose. 


Lactone of trans-Dimethylethylhydroxybutanetricarboxylic Acid, 


Se gel (CO,H)-CHEt-CO, = 
OS OH, 00: 4 

The dark brown aqueous filtrate from the insoluble barium salt 
described in the last section was acidified and repeatedly extracted 
with ether, when; on evaporation of the ether, a new acid was obtained 
which crystallised well from water in prismatic needles, and melted at 
about 213° without decomposition. This was analysed, with the follow- 
ing results : 


01548 gave 0°3027 CO, and 0°0890 H,O. C=53:3; H=6-4. 
C,,H,,0, requires C=54:1; H=6°5 per cent. 


During the combustion, it was noticed that a beautifully crystalline 
sublimate, probably of an anhydride, formed on the cooler portions of 
the tube. Although this substance has only been obtained in small 
quantities, it is probable that it isfone of the stereoisomeric modifica- 
tions of the lactone of dimethylethylhydroxybutanetricarboaylic acid, and 
as it melts at a higher temperature than the other modification (see next 
section) and is not, like the latter, converted into an anhydride at this 
temperature, we have named it the trans-modification. 

That this substance is a dibasic lactonic acid is borne out by the 
results of the following titration with decinormal sodium hydroxide, 
Which was carried out with the remaining small quant'ty of the 
material. 

00522 gram required for neutralisation 0°0165 gram NaOH, 
whereas, if dibasic, it should Shave neutralised 0°0171 gram NaOH. 
On boiling with excess of alkali and titrating back, it was found that 
0024 gram NaOH had been neutralised, indicating that a lactone ring 
had been hydrolysed and the acid become ¢ribasic ; this would require 
00256 gram NaOH. 
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Lactone of cis-Dimethylethylhydroxybutanetricarboxylic Acid. 


This acid has been prepared in considerable quantity by the hydro- 
lysis of dimethylethylethoxyketopentamethylenedicarboxylic acid with 
hydrochlo-ic acid. The pure substance was boiled with concentrated 
hydrochloric acid in a reflux apparatus until the: crystals had com- 
pletely dissolved, which was the case after about six hours. On 
standing overnight, a small quantity of colourless, needle-shaped 
crystals had formed, and a further large quantity separated on 
vigorously shaking the liquid; these were collected and purified by 
crystallisation from water. 

This new substance exhibits in a marked degree the tendency to 
form supersaturated solutions ; when it crystallises moderately rapidly 
it is obtained in the form of needles, but when the separation is slow 
and extends over several days, it is deposited in hard prisms, somewhat 
resembling crystals of cane sugar. 

These prisms gave the following results on analysis, showing that 
in this form the substance crystallises with water : 


0°1522 gave 0-281 CO, and 0:0959 H,O. C=50-4; H=7°0. 
C,,H,,0,;,H,O requires C=50°4 ; H =6°9 per cent. 


On the other hand, a specimen from a different preparation which 
had separated from hydrochloric acid in flat, glistening needles was 
evidently anhydrous. 


0°14 gave 0°276 CO, and 0-0851 H,0. C=53-7; H=67. 
C,,H,,0, requires C = 54: 1; H=6°5 per cent. 


The lactone of cis-dimethylethylhydroxybutanetricarboxylic acid has 
no definite melting point, since when heated in a capillary tube it 
decomposes, with evolution of gas, at temperatures ranging from 
about 144° in the case of the prisms to 153° in the case of the 
needles. It dissolves much more readily in water than the ethoxy-acid 
from which it was obtained, and on titration with decinormal sodium 
hydroxide it gives numbers which characterise it as a dibasic lactonic 
acid. 

04478 gram of the prisms, dissolved in cold water, neutralised 
0:147 gram NaOH, whereas this quantity of a dibasic acid of the 
formula C,,H,,0,,H,O should neutralise 0-133 gram NaOH. This 
shows that on dissolving the substance-in water partial hydrolysis 
of the lactone ring takes place. Excess of decinormal sodium 
hydroxide was now added, and after the liquid had been boiled for 
some time it was found, on titrating back, that 0°196 gram NaOH 
had been neutralised, whereas for the neutralisation of the dibasic 
acid, 0'192 gram should have been taken up. 
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Silver Salt, C,,H,,0,Ag,.—In preparing this salt, the acid was 
' \oiled with water and excess of ammonia, evaporated until nearly 
neutral, and precipitated with silver nitrate. The white, amorphous 
salt thus obtained gave numbers, on analysis, showing that it was 
the salt of the tribasic acid and not of the dibasic lactonic acid. 


02412 gave 01317 Ag. Ag=54°6. 
C,,H,,0,Ag, requires Ag=55'1 per cent. 


The tribasic bariwm salt, (C,,H,,0,),.Ba,, is obtained on adding 
excess Of boiling barium hydroxide solution to a hot aqueous 
solution of the lactonic acid, as a heavy, white precipitate, which 
was rapidly collected on the pump, washed with boiling water, 
dried at 100°, and analysed : 


05421 gave 0°4083 BaSO,. Ba=44°3. 
C,.H,,0,,Ba, requires Ba = 44-2 per cent. 
Anhydride of the Lactone of cis-Dimethylethylhydroxybutanetr icarbowylic 
Me a 0 <00 on he 
Acid,” .—If the acid is heated at 180° 
CH, 00-0 CHEt-CO 7 era 

until the evolution of gas has ceased, and then allowed to solidify, 
its melting point will now be found to be 160—164°, a change 


which is due to the formation of the anhydride, This anhydride is 
easily obtained in a pure condition when the acid is heated for 
half an hour with excess of acetyl chloride and the solution eva- 
porated to dryness. The solid residue is powdered, extracted with 
boiling light petroleum (b. p. 80—100°), which removes a trace of im- 
purity but dissolves very little of the anhydride, and the residue is 
crystallised from benzene, from which it separates in lustrous plates. 
On analysis : 


01701 gave 0°3638 CO, and 0°0981 H,O. C=58:3; H=6-4. 
C,,H,,0, requires C=58°4 ; H=6°2 per cent. 

This anhydride melts at 168° and solidifies rapidly again at a few 
degrees below this temperature ; it is slowly hydrolysed by boiling 
water, and the solution, on evaporation over sulphuric acid, deposits 
colourless crystals decomposing at 144° and consisting of the original 
dibasic lactonic acid, no stereoisomeric change having taken place 
during the formation of the anhydride. 
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EXPERIMENTAL. 


Part II. Preparation and Properties of the Yellow Sodium Com- 
pound of Ethyl 5:5-Dimethyl-3-ketodicyclopentane-l1 : 2: 4- 
tricarboaylate and Description of the Acids obtained from it. 


By W. H. Perxty, jun., J. F. THorpe, and C. Waker. 


Condensation of Ethyl aa,-Dibromo-BB-dimethylglutarate with Ethyl 
Malonate in the Presence of Excess of Sodium Ethowide. Prepara- 
tion*of the Sodium Compound of Ethyl Dimethylketodicyclopentane- 

C(CO, Et)-CNa-CO,Et 

C(CO,Et)*CO : 


This sodium compound, the formation of which by the action of 
sodium on ethyl dicarboxydimethyltrimethylenemalonate has been 
mentioned on p. 768, is best prepared in quantity by the following 
process, 

Ethyl malonate (2 mols.) is mixed with a solution of sodium (4 at). 
dissolved in alcohol, and then ethyl dibromodimethylglutarate (1 mol.) 
is gradually added. The mass at once assumes a deep yellow colour, 
which intensifies on heating on the water-bath, and if, after heating 
for 12 hours, the alcohol is distilled off and water added, a large yield 
of a yellow solid is precipitated; this can be separated by filtration 
and washed with water without undergoing change. The method 
usually adopted was to filter off the yellow sodium compound through 
a Buchner funnel on the pump, wash twice with water, then once with 
alcohol, and finally with dry ether, until all trace of oil had been 
removed. 

For analysis, the yellow sodium compound was crystallised from 
boiling alcohol, from which it separates, on cooling, in lustrous yellow 
plates. 


0:1790 gave 0:0370 Na,SO, Na=6°69. 
C,,H.,0,Na requires Na= 6°60 per cent. 


tricarboxylate, Me,CO< 


The yellow sodium compound prepared in this way is identical with 
that obtained by the method given on p. 768, where the principal pro- 
perties of the substance are mentioned. The yield obtained by the 
above process is 60—65 per cent. of the theoretical. 

From the ethereal and alcoholic washings of the sodium compound, 
a neutral and an acid portion can be extracted by shaking with 
sodium carbonate solution. 

The neutral portion consists for the most part of unchanged ethyl 
malonate mixed with a small quantity of ethyl ethanetetracarb- 
oxylate, (CO,Et),CH-CH(CO,Et),, melting at 76°. 
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The sodium carbonate solution, on acidifying, deposits a thick 
oil, which gives an intense red coloration with ferric chloride, and 
om hydrolysis with dilute sulphuric acid is converted into dimethyl- 
jetodicyclopentanecarbowylic acid (p. 780). 


Action of Cold Methyl Alcoholic Potash on the Yellow Sodium Compound. 
Formation of Diethyl Hydrogen Dimethylketodicyclopentanetricarb- 
oxylate and its Dipotassium Salt, 


C 
Me,C< om 


0,Et)*CH-00, Et C(O, Et)-CK-CO, Et 
0,H)-CO and Me,0<4(00,K)- 


When the yellow sodium compound is treated in the cold with an 
equal weight of potash dissolved in methyl alcohol, it passes into solu- 
tion, and in a short time a large quantity of a canary-yellow potassium 
salt separates. This was collected on the pump, washed with methyl 
alcohol, and analysed, with the following result : 


04878 gave 02066 K,SO,. K=21°5. 
C,,H,,0,K, requires K = 21:0 per cent. 


This potassium salt, which evidently has the constitutional formula 
represented above, is fairly soluble in cold water, and on acidifying the 
solution an oil is precipitated, which gradually sets to a solid mass of 
the corresponding diethyl hydrogen salt, a colourless substance which 
separates from dilute alcohol in long prisms and melts at 75°. On 
analysis : 


01777 gave 0:3680 CO, and 0:0975 H,O. C=565; H=61. 
C,,H,,0, requires C =56°4 ; H =6°0 per cent. 


This substance is very sparingly soluble in water, but readily so in 
sodium carbonate. Its alcoholic solution gives an intense purple color- 
ation with ferric chloride. 


B-Dimethylketodicyclopentanedicarboxylic Acid, 
(CO,H)-CH-C0,H 
Mey CO 


When the diethyl hydrogen salt, described in the last section, is 
heated under 30 mm. pressure, carbon dioxide is eliminated, and a 
thick oil distils over constantly at 210°, which gives in alcoholic solu- 
tion, on the addition of ferric chloride, a rich purple coloration, and, 


as the analysis shows, consists of ethyl dimethylketodicyclopentanedi- 
carboaylate. 


02341 gave 05252 CO, and 0:1477 H,O. C=61:2; H=7°0. 
C,,H,,0,; requires C=61°4 ; H=7'1 per cent. 
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On hydrolysing this ester with an equal weight of potash dissolved 
in alcohol, evaporating off the alcohol, acidifying with hydrochloric 
acid, and repeatedly extracting with ether, the corresponding acid is 
obtained as a solid, which crystallises from hydrochloric acid in long 
needles melting at 180°. 


0°1568 gave 0°3073 CO, and 0°0750 H,O. C=536; H=5:3. 
0'1773 ,, 03530 CO, ,, 00813 H,O. C=54:3; H=5-1. 
C,H,,0, requires C=54°5 ; H=5:1 per cent. 


B-Dimethylketodicyclopentanedicarboxylic acid is very readily soluble 
in water, but much less so in hydrochloric acid ; its aqueous solution 
gives, with ferric chloride, a red coloration, and its solution in sodium 
carbonate is stable to permanganate for about 10 seconds. 

The silver salt, C,H,O;,Ag,, separates from a neutral solution of the 
ammonium salt, on the addition of silver nitrate, as a white, amorphous 
precipitate. 


0°3145 gave 0°1642 Ag. Ag=52°2. 

C,H,O,Ag, requires Ag =52°3 per cent. 

The anhydride, C,H,O,, was prepared by boiling 2 grams of the acid 
with excess of acetic anhydride for 3 hours on the sand-bath, and then 
allowing the solution to evaporate over potash in a vacuous desiccator. 
The solid residue, which melted at about 150°, was dissolved in boiling 
light petroleum (b. p. 60—80°), filtered, and allowed to stand, when 
lustrous needles of the anhydride separated. 


0°2134 gave 05134 CO, and 0°0928 H,O. C=65°6; H=48. 
C,H,O, requires C=65°8 ; H=4'8 per cent. 

This substance melts at 152°, and is gradually dissolved by boiling 
water, being converted into the acid melting at 180°, from which it 
was derived. : 

On heating an aqueous solution of the acid at 180° for 6 hours, it 
was found to have been transformed into an acid sparingly soluble in 
water, and at the same time a considerable pressure was noticed on 
opening the tube. The acid thus produced crystallised from water in 
fern-like needles, melted at 180°, and was found to be identical with 
dimethylketodicyclopentanecarboaylic acid (p. 780) prepared by the 
action of dilute sulphuric acid on the sodium compound, and also by 
the action of heat on the A-modification of dimethylketodicyclopentane- 
dicarboxylic acid (p. 779). 
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Action of Boiling Alcoholic Potash on the Yellow Sodium Compound. 
Formation of A- and B-Dimethylketodicyclopentanedicarboxylic Acids, 
M act H-00,H 
e,0< H 0 . 


When the yellow sodium compound (20 grams) is boiled with potash 
(16 grams) dissolved in alcohol, a copious precipitate of a colourless 
potassium salt separates from the clear solution after the heating has 
been continued for 2 hours. This potassium salt, which is very 
deliquescent, is rapidly collected on the pump, washed with absolute 
alcohol, dissolved in a little water, acidified, and repeatedly extracted 
with ether ; the ethereal solution is then dried and evaporated, when 
a solid acid is obtained, which melts indefinitely between 140° and 
170°: This solid isa mixture of the A- and B-modifications of dimethyl- 
ketodicyclopentanedicarboxylic acid, and can be resolved into these 
by dissolving it in a small quantity of water and adding an equal 
volume of concentrated hydrochloric acid. On allowing the solution 
to stand, a crystalline acid slowly separates, consisting of the almost. 
pure A-modification. 

This acid is less soluble in water than the B-modification, and separ- 
ates from dilute hydrochloric acid (1:1) in small prisms which melt 
at 153—155°, and undergo decomposition with evolution of carbon 
dioxide at 165°; its aqueous solution gives, with ferric chloride, an 
intense bluish-violet coloration. 


01493 gave 0:2911 CO, and 00719 H,O. C=53:1; H=5°3. 
017388 ,, 0:3388CO, , 0°0814H,0. C=53'2; H=5-2. 
C,H, 0, requires C=54°5 ; H=5-1 per cent. 


These numbers are not so good as could have been wished, and this is 
apparently due to the acid containing a small quantity of the tribasic 
acid, directly derived from the yellow sodium compound. 

That the acid has the constitution given to it at the head of this 
section is proved by the fact that when heated above its melting point, 
or boiled with dilute sulphuric acid, it is converted with loss of carbon 
eae dimethylketodicyclopentanecarboxylic acid melting at 180° 
p. . 

In this respect, it differs in a marked manner from the B-modifica- 
tion, which remains unaltered even after prolonged boiling with dilute 
sulphuric acid. 

On evaporating the hydrochloric acid mother liquors of the A-acid, a. 
considerable quantity of the B-modification (p. 778) is readily obtained, 
the proportion of each produced in the experiment described being 
about 1 of A to3 of B. The proportion in which these acids are formed, 
however, depends entirely upon the length of time the mixture is 
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heated during the process of hydrolysis ; should the heating be con- 
tinued longer than 2 hours, then the A-modification is rapidly decom. 
posed, with formation of the monocarboxylic acid melting at 18(° 
(see next section). 


Action of Dilute Sulphuric Acid on the Yellow Sodiwm Compound. 
Formation of Dimethylketodicyclopentanecarboxylic Acid, 


seo (COE) Pi 


In carrying out this decomposition, 10 grams of the yellow sodium 
compound were boiled for 6 hours with a 25 per cent. solution of sul- 
phuric acid, when, on allowing the product to.cool, a large quantity of 
a crystalline acid separated. This was collected, recrystallised from 
water, and analysed : 


0°1960 gave 0°4481 CO, and 01163 H,O. C=62:3; H=64, 
C,H,,0, requires C= 62°3 ; H=6°6 per cent. 


Dimethylketodicyclopentanecarboxylic acid separates from water, in 
which it is sparingly soluble, in fern-like needles, and melts at 180°; 
when carefully heated, it sublimes in long, silky needles. It is mode 
rately soluble in hot benzene, and crystallises out on cooling in small 
plates. The aqueous solution of the acid gives no coloration with 
ferric chloride; but if the crystals of the acid are moistened with 
fuming nitric acid, a deep red solution is produced. 

The silver salt, C,H,O,Ag, separates from a neutral solution of the 
ammonium salt on the addition of silver nitrate, as a white, crystalline 
precipitate, which dissolves in much boiling water, and crystallises out, 
on cooling, in long needles. 


0°1101 gave 0:1492 CO,, 0:0369 H,O, and 0°0450 Ag. 
= 36:9; H=3-7; Ag=41-0. 
C,H,O0,Ag requires C= 36°38; H=3°5; Ag=41°3 per cent. 

The semicarbazone, C,H, ,0.°C:N,H*CO-NH,, separates as an insoli- 
ble, sandy precipitate when a mixture of the acid, sodium acetate, and 
semicarbazide hydrochloride, dissolved in water, is boiled for a few 
minutes. It crystallises from dilute acetic acid in long, silky. needles 
which decompose at 255°. 


0°1412 gave 25 c.c. nitrogen at 15° and 750 mm. N=20¢4. 
C,H,,0,N, requires N = 20°0 per cent. 

The hydrazone, C,H,,0,"C:N,H:C,H,, is formed when a solution of 
phenylhydrazine in glacial acetic acid is added to an aqueous solution 
of the acid and the mixture boiled for a short time. It separates 
from dilute acetic acid in yellow needles, which decompose at 217°. 
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0:1849 gave 19 c.c. nitrogen at 16° and 767 mm. N=12'2. 
C,,H,,O,N, requires N = 11:4 per cent. 


This hydrazone is very sparingly soluble in water, but dissolves readily 
in sodium carbonate solution. 

The yield of dimethylketodicyclopentanecarboxylic acid, obtained 
from the yellow sodium compound in the way described above, is about 
30 per cent. of the theoretical, and the aqueous liquors from which 
ithas crystallised give, on extraction with ether and evaporating, a 
crystalline residue, which consists entirely of the B-modification of 
dimethylketodicyclopentanedicarboxylic acid (p. 778). In preparing 
the monocarboxylic acid, it was found most convenient to extract the 
product of hydrolysis of the yellow sodium compound (see above) with 
ether, and after evaporating off the ether, to heat the residue with 
water in sealed tubes at 180° for 5 hours, when the B-modification 
of the dibasic acid is also completely converted into the monobasic 
acid. It is evident, therefore, that only the A-modification of the 
dibasic acid is converted into the monobasic acid during the hydrolysis 
of the yellow sodium compound with sulphuric acid, the B-modification 
remaining unchanged. It has previously been mentioned (p. 779) that 
the B-modification is stable to dilute sulphuric acid. 


Oxidation of Dimethylketodicyclopentanecarboxylic Acid. Formation of 
aa-Dihydroxy-BB-dimethylglutaric Acid, 
CO,H-C(OH),*CMe,*CH,*CO,H, 
and of aa-Dimethylsuccinic Acid, CO,H*CMe,°CH,°CO,H. 


The solution of the ketonic acid in sodium carbonate is only very 
slowly oxidised by potassium permanganate at the ordinary tempera- 
ture, and it was found necessary, in order to facilitate oxidation, to 
heat the mixture at about 80—90°. About 12 grams of the acid 
dissolved in sodium carbonate were mixed with a small quantity of 
permanganate and heated on the water-bath for twelve hours, further 
quantities of permanganate being added from time to time as 
soon as the pink colour became discharged. The excess was then 
removed by sulphur dioxide, and the solution, after filtering, evaporated 
toa small bulk, acidified, and extracted with ether. The solid residue 
obtained on evaporating the ethereal solution was then recrystallised 
from chloroform, from which it separated in prismatic, apparently 
homogeneous, needles melting between 84° and 90°. 


0:1774 gave 03026 CO, and 0°0982 H,O. C=465; H=6:1. 
C,H,,0, requires C= 43°8; H=6-2 per cent. 


For a long time we were unable to discover the nature of this sub- 
stance, but ultimately it was shown to consist of a mixture of aa-di- 
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hydroxydimethylglutaric acid and aa-dimethylsuccinic acid. These 
acids are exceedingly difficult to separate by crystallisation, but the 
separation was eventually effected by taking advantage of the dif. 
ference in the properties of their calcium salts. The mixed acids were 
dissolved in water, excess of ammonia and calcium chloride was added, 
and the mixture allowed to stand, when a crystalline, very sparingly 
soluble salt gradually began to separate, the separation being complete 
in 12 hours. 

The calcium salt was collected, washed, dried at 100°, and by analysis 
and isolation of the acid proved to be the calcium salt of aa-dihydroxy. 
dimethylglutaric acid. 


0°3150 gave 01858 CaSO,. Ca=17°'1. 
C,H,,0,Ca requires Ca=17°3 per cent. 


To obtain the acid, the calcium salt was suspended in cold water 
and acidified with excess of hydrochloric acid, ammonium sulphate 
was then added, and the solution repeatedly extracted with ether. 
The solid extract separated from chloroform in needles melting at 84°, 
and proved to be aa-dihydroxydimethylglutarie acid (see p. 757). 


0°1706 gave 0°2761 CO, and 0°1006 H,O. C=44:1; H=6%. 
01448 ,, 0°2322CO, ,, 00851 H,O. C=43:'7; H=65. 
C,H,,0, requires C=43°8 ; H=6-2 per cent. 


The filtrate from the calcium salt of this acid, on boiling, deposited 
a further small quantity of a calcium salt. This was collected, decom- 
posed with. hydrochloric acid, and extracted with ether. The solid 
residue which was obtained on evaporating off the ether crystallised 
from water, in which it was exceedingly soluble, in small prisms 
melting at 137—138°. 


01791 gave 0°3233 CO, and 0°1101 H,O. C=49:2; H=6'8. 
C,H,,0, requires C=49'°3; H=6°8 per cent. 


A careful examination of this acid proved it to be aa-dimethylsuccinic 
acid. By far the larger proportion of the acids produced in this oxida- 
tion consists of aa-dihydroxydimethylsuccinic acid, since from the 
12 grams used in the experiment only enough dimethylsuccinic acid 
was obtained for analysis and identification. 


Reduction of Dimethylketodicyclopentanecarboaylic Acid. Formation of 
Dimethylketopentamethylenecarboxylic Acid, 


Me. c<CH(CO,H)-CH, 
M <r, 2 ye 


This acid is obtained when a solution of dimethylketodicyds 
pentanecarboxylic acid (7 grams) in dilute sodium carbonate is allowed 
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to remain in contact with 3 per cent. sodium amalgam (300 grams) in 
a flat porcelain dish for 12 hours with frequent stirring, a current 
of carbon dioxide being led through the liquid during the whole 
operation, 

The solution, after filtering and acidifying, was saturated with 
ammonium sulphate and extracted several times with ether. The 
ethereal solution was then evaporated, when a solid acid was obtained 
which crystallised from water in small prisms. 


01729 gave 0°3898 CO, and 0°1221 H,O. C=615; H=7°8. 
C,H,,0, requires C=61'5; H=7°7 per cent. 


Dimethylketopentamethylenecarboxylic acid melts at 103°, and is readily 
soluble in water. When heated in small quantities, it distils un- 
changed. 

The owime, C,H,,0,C:N-OH, was prepared by dissolving the acid 
in dilute sodium carbonate and adding an excess of hydroxyl- 
amine hydrochloride. After standing for 2 days, the solution was 
acidified, saturated with ammonium sulphate, and extracted at least 
20 times with ether, since the substance is only extracted with diffi- 
culty from its aqueous solution by this solvent. The ethereal solution, 
after drying over calcium chloride and evaporating to a small bulk, 
deposited the oxime in the form of crystalline crusts, which are very 
sparingly soluble in ether, and melt at 188—190° with decomposition. 


01708 gave 12°6 c.c. nitrogen at 17° and 746 mm, N=8°4, 
C,H,,0,N requires N=8'2 per cent. 


The semicarbazone, C,H,,0,C:N,H:CO:NH,, separates on boiling the 
acid with a solution of semicarbazide hydrochloride and sodium acetate 
as a white, sandy precipitate which crystallises from a large volume of 
hot water in small needles and decomposes at 215°. 


02077 gave 35°2 c.c. nitrogen at 19°5° and 760 mm. N=19°4. 
C,H,,0,N, requires N = 19°7 per cent. 


Dimethylhydroxypentamethylenecarboxylic acid, 
OH(00,H)-CH, 
Me,C<oy, CH-OH ° 


This acid is formed when dimethylketodicyclopentanecarboxylic acid 
is treated with a large excess of sodium amalgam, and is obviously 
produced by the reduction of the ketonic acid described in the last 
section. 

In preparing it, 7 grams of dimethylketodicyclopentanecarboxylic 
acid, dissolved in sodium carbonate, are left in contact with at least 
600 grams of 3 per cent. sodium amalgam for 24 hours ; the product 
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is then acidified, extracted repeatedly with ether, and the ethereal 
extract, after drying over calcium chloride, evaporated. 

The crystalline residue dissolves readily in hot water, and on cooling, 
a small quantity of dimethylketopentamethylenecarboxylic acid separ- 
ates first. This is removed by filtration, the filtrate rendered alkaline 
with ammonia, excess of calcium chloride added, and the solution boiled, 
when a large quantity of a sparingly soluble calcium salt is gradually 
deposited. 

The salt is collected, washed with water, decomposed with hydro. 
chloric acid, and the solution, after saturating with ammonium sulphate, 
extracted repeatedly with ether. On evaporating off the ether and 
crystallising the residue from benzene, the pure hydroxy-acid is obtained 
in the form of small needles. 


01845 gave 0:°3898 CO, and 0°1488 H,O. C=60°6; H=89, 
C,H,,0, requires C= 60°8 ; H=8'8 per cent. 

Dimethylhydroxypentamethylenecarboxylic acid melts at 115° and 
is very soluble in water. It dissolves readily in hot benzene, but is 
rather sparingly soluble in this solvent in the cold. 

Action of Sulphuric Acid.—When the hydroxy-acid is mixed with a 
large excess of sulphuric acid, a slight rise of temperature takes place, 
and, at the same time, large quantities of sulphur dioxide are evolved, 
The evolution of gas ceases after 3 hours if the mixture is left at the 
ordinary temperature, and on pouring the product into cold water, a 
curious green solid separates. When thoroughly washed with boiling 
water and dried, this substance is an olive-green, amorphous powder 
which gradually becomes yellow on exposure to the air. This green 
substance is evidently of very high molecular weight, since it melts 
above 300° ; it dissolves in sodium carbonate, forming a reddish-brown 
solution, from which the original green compound is precipitated on 
acidifying. It dissolves in glacial acetic acid, forming an intense indigo- 
blue solution, the colour of which, on standing, gradually changes to 4 
dark brown. 

The filtrate from the calcium salt of the hydroxy-acid (see above) 
was acidified, evaporated to dryness, and extracted with ether, when & 
substance was obtained which separated from dilute acetone as a micro- 
crystalline powder. On analysis : 


0°1865 gave 0°4438 CO, and 0:1272 H,O. C=65:1; H=7°6. 
C,,H,.0, requires C=65°3 ; H=7'5 per cent. 
This substance, which melts at 205° with partial sublimation, most 
probably has the constitution represented by the formula, 


Me,0 <cH(O0, JH): tana 2 CH,———.oy4 


H,*CH(CO,H) 
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that is to say, it is produced by the condensation of 2 mols. of 
dimethylketopentamethylenecarboxylic acid by the alkali formed 
during the reduction. It has been found that this substance is only 
produced if the reduction described above is conducted without neutralis- 
ing the caustic soda formed; if a rapid stream of carbon dioxide is 
passed during the reduction, no trace of the substance melting at 205° 
appears to be formed. 


Oxidation of Dimethylketopentamethylenecarboxylic Acid. Formation of 
aa-Dimethylsuccinic Acid, CO,H*CMe,°CH,°CO,H, and BB-Dr- 
methylglutaric Acid, CO,H-CH,:CMe,°CH,*CO,H. 


L Oxidation with strong Nitric Acid.—The ketonic acid (3 grams) 
was dissolved in strong nitric acid, and heated on the water-bath 
until the evolution of red fumes had ceased. On evaporating repeatedly 
to dryness with water, a solid residue was obtained which separated 
from dilute hydrochloric acid in small prisms and melted at 137—138?. 


0'2150 gave 0°3887 CO, and 0°1298 H,O. C=49°3; H=6°7. 
C,H,,0, requires C=49°3 ; H=6°8 per cent. 


That this acid was aa-dimethylsuccinic acid was shown by dissolving 


it in excess of ammonia, adding calcium chloride, and boiling, when the 
characteristic calcium salt separated at once. 

The remainder of the acid was digested with acetyl chloride and 
evaporated, when the anhydride of dimethylsuccinic acid was obtained 
in crystals melting at 29°. 

IL. Oxidation with dilute Nitric Acid.—The ketonic acid (3 grams) 
was heated with dilute nitric acid (sp. gr. 1°2) on the water-bath 
until the evolution of red fumes had ceased. The solution was then 
evaporated to dryness and the solid residue recrystallised three times 
from dilute hydrochloric acid. The crystals thus obtained were 
further recrystallised from ether and then analysed : 


03141 gave 0°6025 CO, and 0:2092 H,O. C=52:3; H=7-4. 
C,H,,0, requires C=52°5 ; H=7°'5 per cent. 

This acid melted at 10] —102°, and on treatment with acetic anhydride 
yielded an anhydride melting at 123°; it therefore consisted of BB-di- 
méthylglutaric acid, CO,H*CH,*OMe,*CH,*CO,H (Perkin and Goodwin, 
Trans., 1896, 69, 1474). 


VOL. LXXIx, 


786 PERKIN AND THORPE: THE SYNTHETICAL 


Action of Methyl Iodide on the Yellow Sodium Compound. Formation 
of Ethyl Trimethylketodicyclopentanetricarboxylate, 
emma 
Me,0< 460, 8t): : 


In order to prepare this compound, 25 grams of the pure yellow 
sodium compound were dissolved in 75 grams of boiling ethyl alcohol, 
three times the theoretical quantity of methyl iodide (26 grams) were 
added, and the mixture was heated on the water-bath for 24 hours, 
at the end of which time it was found that the original deep yellow 
colour of the solution had entirely disappeared. After distilling off 
the alcohol and unchanged methyl iodide, the oil which separated on 
the addition of water was extracted with ether, and the ethereal 
solution shaken repeatedly with dilute sodium carbonate to remove 
some substance which dissolves with a yellow colour. 

The ethereal solution was then dried over calcium chloride, the ether 
distilled off, and the residual oil fractionated under 20 mm. pressure, 
when almost the whole quantity distilled at 219° as a colourless oil. 


I. 0:1873 gave 0°4101 CO, and 0°1205 H,O. C=59-7; H=7'1, 

II. 01979 ,, 0°4347CO, ,, 01273 H,O. C=59-9; H=711. 

C,,H,,0, requires C=60°0 ; H=7°0 per cent. 

This ester, which is produced almost quantitatively by the process 
described above, is sharply distinguished from the unmethylated ester 
(p. 763) by the fact that its alcoholic solution gives no coloration 
with ferric chloride. 


Action of Methyl Alcoholic Potash on Ethyl Trimethylketodicyclopentane- 
tricarboxylate. Formation of the Potassium Salt, 
(CO,K)*CMe-CO,K 
Me,0< 00 'K)-60 ‘ 
and Trimethylketodicyclopentanedicarboaylic Acid, 
CO,H)-CMe-CO,H 
Me,0<Ie oa ais oa 


—The pure ethyl ester (20 grams) was mixed with a filtered solution 
of 20 grams of caustic potash in methyl alcohol and allowed to stand in 
the cold, when a heavy, crystalline precipitate of a potassium salt 
gradually formed, the separation being complete in 2 hours. The 
precipitate was collected, washed with methyl alcohol, dried at 100°, and 
analysed : 
0°3121 gave 0°2186 K,SO,. K=31*4. 
C,,H,O,K, requires K = 31°6 per cent. 
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This salt, which evidently has the formula represented at the head of 
this section, is readily soluble in water, but all attempts to obtain the 
free tribasic acid were unsuccessful, since the solution of the 
potassium salt on acidifying is decomposed with evolution of carbon 
dioxide and formation of trimethylketodicyclopentanedicarboxylic acid. 
This acid is obtained, by extracting the solution repeatedly with ether, 
and distilling off the ether, as a colourless solid, which is very soluble 
in water and crystallises from benzene in lustrous plates melting in- 
definitely at 70—80°. 

These crystals apparently contain water or benzene of crystallisation ; 
on heating, they become yellow and the melting point gradually rises 
to 146°, when it remains constant, and the substance becomes colourless 


again. 
0:1859 gave 0°3848 CO, and 00941 H,O. C=564; H=5°6. 
C,,H,,0, requires C=56°6 ; H=5°6 per cent. 

The silver salt, C,,)H,,O;Ag., was obtained on adding silver nitrate 
to a neutral solution of the ammonium salt as a white precipitate, 
which on analysis furnished the following results : 

0:3214 gave 01620 Ag. Ag=50°41. 

C,oH,,0;Ag, requires Ag = 50°57 per cent. 


. , , ‘ (CO,H)-CHMe 
Trimethylketodicyclopentanecarboxylic Acid, Me,C< H . 


When the dibasic acid, described in the last section, is dissolved in 
4 little water and heated in a sealed tube at 180° for 6 hours, it is 
completely decomposed with elimination of carbon dioxide and forma- 
tion of the corresponding» monobasic acid, the formula of which is 
given above. This acid separates from water, in which it is only 
sparingly soluble in the cold, in lustrous plates which melt at 134°. 


0°14 gave 0:3297 CO, and 0:0898 H,O. C=64:2; H=7'1. 
C,H,,0, requires C= 64°3 ; H =7'1 per cent. 
The semicarbazone, O,H,,0,°C:N-NH-CO:NH,, is precipitated as a 
sandy powder when an aqueous solution of the acid is boiled with 


semicarbazide hydrochloridé and sodium acetate ; it melts with decom- 
position at about 230°. 


0'1408 gave 23-7 c.c, nitrogen at 16° and 746 mm. N=19°2. 
C,,)H,,0,N, requires N = 18-7 per cent. 
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Action of Alcoholic Potash on Ethyl Trimethylketodicyclopentanetri- 
carboaylate. Formation of the Lactone of trans-Trimethylhydroxy- 
¢0,H 
; ‘ . HMe 
butanetricarboxylic Acid, Me,C< eens 0,H ; 

It has been mentioned in the introduction (p. 744) that the 
action of boiling ethyl alcoholic potash on ethyl trimethylketodieyelo- 
pentanetricarboxylate proceeds in quite a different way from that of 
cold methyl alcoholic potash; in the latter case, the dicyclopentane 
remains intact, whereas in the former it suffers disruption at two 
points, yielding the lactone represented above. 

The pure ester (50 grams) was mixed with an equal weight of 
potash dissolved in ethyl alcohol and the solution boiled for 12 hours, 
when the action was complete. The product was evaporated to dry- 
ness to remove alcohol, dissolved in a little water saturated with 
ammonium sulphate and extracted repeatedly with ether, but, after 
drying over calcium chloride and distilling off the ether, only a small 
quantity of a thick gum was obtained. As ether was evidently 
unable to extract the acid from its aqueous solution, the whole 
_ was mixed with sand, evaporated to dryness,- and extracted in a 
Soxhlet apparatus with dry ether. It was then noticed that the ether 
gradually extracted a white substance which was very sparingly 
soluble and separated out in the flask, but even after the process had 
been continued for 4 days the extraction of this white substance was 
far from complete. When, however, acetone was substituted for ether, 
very satisfactory results were obtained. 

The method we ultimately adopted in extracting this acid from the 
acidified product of the hydrolysis was to evaporate to dryness and 
thoroughly extract the dried product in the Soxhlet apparatus with 
ether, in order to remove a trace of oily impurity soluble in ether and 
then to extract with pure acetone. On evaporating off the acetone, a 
large quantity of a solid remained. which, after washing with ether 
melted at 225—-227° with evolution of aqueous vapour. When boiled 
with water, this substance gradually dissolved, and on cooling. slowly, 
large, colourless prisms were deposited which melted at 237° with 
decomposition. 


01908 gave 0°3588 CO, and 0°1047 H,O. C=61°3; H=6'1. 
C,,H,,0, requires 0 =53°1; H=6:l per cent. 


This lactone of trimethylhydroxybutanetricarboxylic acid is a remark- 
ably stable substance ; it does not appear to be acted on by dry hydro- 
bromic acid in the cold, and its solution in sodium carbonate may be 
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boiled with permanganate for a considerable time without appreciable 
oxidation taking place. It is unchanged by boiling dilute sulphuric 
acid, and is not altered by heating with water in a sealed tube at 180°. 
It is very sparingly soluble in the usual organic solvents, excepting 
acetone, and dissolves moderately in hot water but only sparingly 
in the cold. 

The silver salt, C,,H,,O,Ag., separates from a neutral solution of 
the ammonium salt, on the addition of silver nitrate, as a white, crys- 
talline precipitate, which dissolves appreciably in hot water and crys- 
tallises out on cooling in plates. 


0:1967 gave 0°1929 CO,, 0:0492 H,O, and 0:0952 Ag. 
C=269; H=2°8; Ag=48-4. 
C,9H,,0,Ag, requires C= 27:0; H=2'7; Ag=48°6 per cent. 


The barium salt of the hydroxytricarboxylic acid, (C,,H,,0,),Bag, 
was prepared by dissolving the lactone acid in water, heating to boil- 
ing in a Jena flask, and adding clear hot barium hydroxide solution in 
small quantities at a time, so that the solution was kept always slightly 
alkaline. A sparingly soluble barium salt gradually separated in the 
form of a sandy powder, and after boiling for 2 hours (air being 
carefully excluded from the flask) the salt was collected on the pump, 
rapidly washed with hot water, and dried at 100°. 


03910 gave 03048 BaSO,. Ba=45°8. 
C,)H,,0,,Ba, requires Ba = 45°6 per cent. 


., CH,*CMe, al 
The anhydride, 8 ee. 9? may be prepared by 


boiling the lactonic acid with acetyl chloride for 4 hours. The acid 
gradually dissolves, and hydrogen chloride is evolved, but the process 
proceeds very slowly and generally some of the unchanged acid separ- 
ates on cooling, so that it is necessary to filter the solution and boil 
the residue again with acetyl chloride. On allowing the solution to 
evaporate over potash in an exhausted desiccator, large crystals gradu- 
ally separate: these are collected, ground to a fine powder, and left 
over potash until the odour of acetic anhydride has entirely disap- 
peared. The substance then melts indefinitely and when treated with 
benzene a small quantity of a crystalline compound remains undis- 
solved ; if this is removed by filtration and the solution concentrated 
and allowed to stand out of contact with the air, the pure anhydride 

crystallises out. On analysis: 


0:1896 gave 0-3924 CO, and 0:1005 H,O, C=565; H=5:9. 
C,,H,,0, requires C =56°6 ; H=5°6 per cent. 

This substance melts at 94—-96° and is insoluble in cold sodium 
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carbonate solution ; that it is the anhydride of the érans-acid is shown 


by the fact that when boiled with water it is slowly converted into, - 


this acid. 

Action of Phosphorus Pentachloride on the trans-Lactone. Formation 
of Ethyl Trimethylchlorobutanetricarboxylate, 

CO, Et:CH,*CMe,*COl(CO,Et)*-CHMe-CO, Et, 

—On heating 2 grams of the lactonic acid with 6 grams of phosphorus 
pentachloride on the water-bath, it gradually dissolved, and after 2 
hours no unchanged substance separated-on cooling. The whole was 
poured into well cooled alcohol and, after standing for some time, 
water was added, and the oil extracted with ether. The ethereal solu- 
tion was shaken with sodium carbonate, dried over calcium chloride, 
and the residual oil allowed to remain over sulphuric acid in a desic- 
cator until free from ether. 


02494 gave 0'1 AgCl. Cl=9°9. 
C,,H,,0,Cl requires Cl= 10:1 per cent. 
This substance could not be purified by distillation as it decomposes 
even under greatly reduced pressures. 


Lactone of cis-T'rimethylhydroxybutanetricarboxylic Acid, 
¢0,H — 
C CHMe. 


MesC< car 00-0 

When the érans-acid (m. p. 237°) is distilled under 30 mm. pressure, 
an oil passes over at 267°, which solidifies, on cooling, to a crystalline 
mass. As the distillate was found to be partly soluble and partly 
insoluble in dilute sodium carbonate, and therefore evidently con- 
sisted of a mixture of acid and anhydride, it was boiled with water, 
and the solution concentrated and cooled, when microscopic needles: 
separated, which melted at 181° and decomposed with evolution of 
aqueous vapour at 200°, 


0°1834 gave 0°3499 CO, and 0°1030 H,O. C=520; H=6:2, 
C,,H,,0, requires C=52'1; H=6'l. 


This cis-acid is much more soluble in water than the érans-acid, 
but like the latter it is a very stable substance, and is only very 
slowly attacked by boiling alkaline permanganate. 

The Anhydride, toe bees Py “>00.—The cisacid is im 
stantly attacked by acetyl chloride on warming, with evolution of 
hydrogen chloride, and on evaporating over potash a solid residue is 
obtained which is quite insoluble in cold sodium carbonate solu 
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tio. This anhydride erystallises from benzene in lustrous plates, 
melts at 131°, and when boiled with water is reconverted into the 
cis-acid. 
01816 gave 0°3751 CO, and 0°0942 H,O. C=56:3; H=5-7. 
C,)H,,0, requires C=56°6 ; H=5°6 per cent. 
When the cis-lactonic acid is treated with phosphorus pentachloride - 


and the product poured into alcohol, exactly as in the case of the 
trans-acid, an oil is obtained which decomposes when distilled. 


02501 gave 0°101 AgCl. Cl=10°0. 
C,,H,,0,Cl requires Cl =10°1 per cent. 


This oil is evidently ethyl trimethylchlorobutanetricarboaxylate, but 
there is no evidence to show whether this is identical or not with the 
substance of the same composition obtained from the trams-acid. 


Tar OwENns COLLEGE, 
MANCHESTER. 


LXXX1V.—Lead Silicates in Relation to Pottery 


Manufacture. 
By T. E. Toorps, C.B., F.R.S., and Cuartes Simmonps, B.Sc. 


TuE present communication is an outcome of certain work undertaken 
at the instance of the Home Office, in connection with an attempt by 
that Department to deal with the question of lead-poisoning as it occurs 
in the pottery industry. 

Lead, in one form or another, is largely used in compounding the 
various glazes employed by potters. By far the most usual form in” 
England is what is technically called ‘“‘raw”’ lead. The term includes, 
by implication, any lead compound which has not been “ fritted”— 
that is, fused with siliceous materials; but practically it-comprises _ 
only litharge, white lead, and red lead. These substances, especially 
the two first, are readily dissolved by the acids of the animal organism, 
such, for instance, as the hydrochloric acid of the gastric juice. When, 
therefore, they by any means gain access to the alimentary canal or 
other acid-bearing region of the body, they are attacked by the acid, 
dissolved, and pass easily into the circulatory system. 

Thus the physiological action depends, primarily, upon the solubility 
of the lead compounds. One of the chief objects of our investigation, 
therefore, was to obtain if possible some compound of lead which, while 
serving the practical needs of the potter in respect of such points as 
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fusibility and expansibility, should at the same time be in respect to its 
lead nearly insoluble in dilute acids. 

In seeking for such compounds, we naturally turned, in the first 
place, to the silicates of lead. For certain special purposes, indeed, 
lead silicates are frequently employed by the potter, and attempts 
have from time to time been made in this country to substitute such 
silicates for the “raw’’ lead used in glazes generally. On the Conti- 
nent, this use of lead silicates is far more common than in England, 
and it has been generally recognised that their employment has greatly 
tended to minimise the risk of lead poisoning among pottery workers, 
In consequence of their more extended use, the conditions required to 
produce them successfully have received a considerable amount of 
attention. Indeed, we may at once say that the first insight into the 
chemical constitution of silicates which should approximate to the 
ideal character of a “ fritt,” as these lead compounds are technically 
termed, was gained by a study of silicates which were found to be in 
use on the Continent, and were at the same time of a high degree of 
insolubility. That such silicates were sparingly soluble was generally 
recognised, but little appears to have been ascertained as to the con- 
ditions which determine their insolubility, although it was no doubt 
surmised that, broadly speaking, it must be dependent upon their 
chemical nature. 

With a view of obtaining light upon the relation of solubility to 
chemical composition, a number of specimens of lead silicates, both 
simple and complex, were obtained from manufacturers in the Potteries 
and on the Continent, and after their solubility as regards lead had 
been determined, the specimens were analysed to see what information 
could be gained as to the causes of the difference of solubility shown by 
the various silicates, 

For the solubility determinations, the solvents selected in the earlier 
stages of the experiments were solutions of hydrochloric, acetic, and 
lactic acids, of various strengths ranging up to 1 per cent. Afterwards, 
only a 0°25 per cent. solution of hydrochloric acid was employed ; it 
contains what is considered to be about the average amount of free 
hydrochloric acid: present in the gastric juice. As regards procedure, 
the method eventually found most practicable for the purpose in view 
was to shake the finely powdered silicate for an hour with a thousand 
times its weight of the solvent at the temperature of the room, using for 
this purpose an agitator worked by a small hot-air motor. The sediment 
was then allowed to settle for an hour, and the liquid filtered. The 
quantity of lead which had passed into solution was determined in the 
filtrate.* 


* A note explaining the considerations which led to the particular method 
adopted is appended. See p. 805, 
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Any small differences of solubility due to fluctuations of tempera- 
ture were in the present connection unimportant. 

Some of the estimations of the dissolved lead were made by a colori- 
metric method ; but the majority of the determinations were gravi- 
metric, the lead being separated as sulphide and weighed as sulphate. 

The first specimens examined included some “ fritts,” which repre- 
sented practically the only kind of lead silicate used to any appreciable 
extent in the Potteries. This compound approximates to a simple 


nti- 
und, monosilicate of lead, PbO,SiO,.. It contains, however, the small 
atly quantities of alumina, lime, and alkalis usually associated with the 


silica, in the flint from which the compound is made, one sample giving 
on analysis : 


| of SOOO OEH eee ee SHEE EHH ESE EHH HE EES 
the Cee eee ere sees seseseses 
the CORSO REE EEE HEE HEHEHE ED 
EAN 45 evesenasnininnsnpsstiystcastintes 
huss ID ini petacieciteeesiiies. teams 
of NGAI sts isis ton ts Steipsensieoibnn 
ly 
mn- 
bt At the time when our inquiry began, this crude monosilicate was 
= held to be a satisfactory substitute for “raw” lead, on the assumption 
that it was much less soluble than the latter. Contrary to expectation, 
to it was found to yield practically the whole of its lead to the action of 
th 0:25 per cent. hydrochloric acid. 
: Two different preparations gave the following figures : 
n PbO dissolved by §_ Calculated on the 
Specimen. PbO present. 0°25 per cent. HCl. _ total PbO present. 
y ] 71:2 per cent. 70°0 per cent. 98°3 per cent. 
> 4 » 673s, 956 x 
d It is evident, therefore, that so far as the solubility of the lead 
is concerned, the advantage which the simple monosilicate was sup- 
t posed to possess over “‘ raw” lead had no foundation in fact. 
9 Turning our attention therefore to the complex silicates, we ob- 
4 tained from English makers two silicates having the following com- 
: position : 
] a No. 3. No. 4. 
SN |: <acihj taisieliswenceads 37°62 per cent, 35°66 per cent. 
; Lead monoxide............... 37°92 ” 45°77 ” 
Alumina O60 senedesébctdccocee 8:24 ” 10°04 ” 
Lime......... Nite tiesameestte 10°83 i, 116 Sy, 
RR en eas 008 ,, O14 , 
Rallis sisted jis 3°72 ” 7°09 ” 


— 


99°86 
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The quantities of lead oxide dissolved from these were : 


From No. 3.... 28°0 per cent. 


”? ” 


Two points are brought out by these results. In the first place, the 
solubility of the lead is very much smaller in both specimens than in 
the simple monosilicates Nos. 1 and 2. Secondly, it will be seen that 
No. 4, with the larger percentage of lead oxide in its composition, 
gives to the action of acid a much smaller amount of lead than does 
No. 3. This was the first illustration we obtained of a principle 
elucidated more fully further on, namely, that the quantity of lead 
dissolved bears no necessary relation to the quantity of lead in the silicate, 

Extending the inquiry, we next examined three “‘ fritts” containing 
much smaller quantities of lead than the foregoing, and including also 
boric oxide as a constituent. The composition and solubility of these 
three borosilicates are given below: 


No. 5 (English). No. 6 (Belgian). No. 7 (Dutch). 
49°67 per cent. 52°94 percent. 53°16 per cent. 
Lead monoxide 16°23 __,, 22°44 18°97 
Alumina 10°34 _ i, 7°62 8:06 
8°54, 8°82 8-96 
oo —_ 0°12 0°11 
920 i, 3°99 486, 
5°83 (difference) 3°82 5°88 (difference) 


100°00 99°75 100:00 


Lead oxide dis-),. $ 
solved by 0°25 Hci}! 70 per cent. 0°65 per cent. 1-20 per cent. 


Here the solubility of the lead, especially in the Belgian borosili- 
cate, is remarkably small compared with what was shown by the pre 
vious specimens. 

Now in round-numbers these examples differ from Nos. 3 and 4 
chiefly in containing about 15 per cent. more silica and about 20 
per cent. less lead monoxide. Moreover, they have from 4 to 6 
per cent. of boric oxide, which is not present at all in Nos. 3 and 4. 

The question therefore suggested itself : Was the factor determining 
the insolubility of the lead to be sought in a high percentage of silica, 
or in a low proportion of lead oxide? Or was it, as a possibility 
without very much likelihood, to be found in the introduction of boric 
oxide into the “ fritt ” ? 

The next specimen analysed gave us the answer to these questions, 
and it was an unmistakable negative. This specimen was a Swedish 
“fritt,” for which the figures are: 
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Lead monoxide 
Alumina 


Boric oxide 
Loss on heating 


Lead oxide dissolved by 0°25 per cent. HCl... 2°10 per cent. 


Although the solubility of the lead is in this case somewhat greater 
than in Nos. 5 to 7, it is a quantity of the same order as the figures 
for these, and for the purpose of the moment may be classed with them. 

Here, then, it was plain that the low solubility could not be due to 
the presence of boric oxide, for this constituent is absent. Nor was 
it due to a high percentage of silica, which is here much less than 
in Nos. 5,6, and 7. Nor, again, could it be attributed to a low pro- 
portion of lead oxide, because of this there is twice as much as in the 
three previous examples. 

Comparing in this way the results of a number of analyses, it 
becomes evident that the solubility of the lead does not depend in 
a simple manner upon any one of the constituents. We append 
for this purpose a table showing the composition and solubility of a 
number of silicates (see p. 805) ; here we will illustrate the point by 
reference to the lead oxide only. 

I. Solubilities practically the same: amounts of lead oxide in the 


silicates very different. 
Percentage of PbO Solubility of the PbO 
Silicate. in the silicate. Percentage on silicate. 


Specimen 7a (Dutch) 18-0 all less 
40:4 than 
52°3 05 


» » 41:3 0°7 
6 (Belgian) 22°4 0°7 


II. Solubilities very different : amounts of lead oxide in the silicates 
practically the same. 


Specimen 3. (English) 37-9 28-0 
9 36°2 1-4 

45:8 10°8 

44°] 21 
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The same principle holds for each of the other oxides, whether basic 
or acidic. Generally, the quantity of lead dissolved by the solvents 
used bears no necessary proportionality to the percentage of any con- 
stituent of the silicate. 

Primarily, and in the main, the insolubility of the lead depends, not 
upon any one oxide or group of oxides, but upon the maintenance of a 
certain proportion between the whole of the basic oxides on the one 
hand, and the whole of the acidic oxides on the other. This propor- 
tion, as will be shown later, becomes eventually referable to the 
ultimate hypothetical acids from which the silicates may be considered 
to be derived. Meanwhile, one method of formulating this relation is 
as follows. 

Proceeding as in the ordinary calculation of a silicate formula, we 
divide the percentage weight of each oxide by its molecular weight. 
The quotient expresses the relative number of molecules of that oxide 
present in a definite weight of the silicate. Adding the quotients for 
the acidic oxides gives the total number of acidic molecules ; and simi- 
larly for the basic molecules. If we then take the ratio of the former 
sum to the latter for each silicate, we get the following table: 

Value of ratio. 
No. of acidic mols. Solubility. 
Silicate, No. of basic mols. Percentage on silicate. 
1 375 Traces. 

2°56 oo” 

2°49 1:2 
2°43 0°7 
2°42 2°4 
2°37 2°1 
2°35 02 
2°20 0:2 
2°18 0°6 
2°15 0°2 
2°10 0:2 
2°02 1:7 
2°06 07 
1-98 0:8 
1:98 0-4 
1 95 3°0 
1-93 15 
1°89 2°0 


on m Ol Fe S bo 


144 40-1 
1°43 39°5 
142 108 


at _. 2 2m 2 ee 6flhOClCO 
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Value of ratio. 


No. of acidic mols. Solubility. 
Silicate. No of basic mols. Percentage on silicate. 
22 1°33 5'1 
23 1:27 28°0 
24 1°20 70°3 
25 113 67°3 


26 0°90 70°0 


The table shows some aberrations which have a certain significance ; 
these will be discussed further on. Disregarding them for the moment, we 
see that so long as the value of this ratio is higher than or approxi- 
mately equal to 2, the solubility of the lead is small, being for the 
most part much below 2 per cent., and only in one instance reaching 
3 per cent. That is, the solubility is small so long as there are present 
two molecules or more of acidic oxides to each molecule of basic oxide. 
When the ratio falls much below 2, the quantity of lead dissolved 
begins rapidly to increase. 

In this connection, it is interesting to recall an observation made 
some seventy years ago by Faraday, during his classical researches 
upon heavy glass. In his paper entitled “On the Manufacture of 
Optical Glass,” published in the Philosophical Transactions for 1830, 
Faraday states that glass made of equal weights of silica and lead oxide 
does not become dull when exposed to the action of hydrogen sulphide, 
but if 8 parts of this glass are fused with 1 part of potash, the glass 
produced becomes tarnished on exposure to the sulphydric acid. Now, 
in the former case the ratio of ee ne is 3°7, whereas in the 
case of the glass attacked by hydrogen sulphide the ratio is 2°3—or, if 
allowance be made for the small quantities of bases generally associated 
with the silica in sand, about 2°0. This glass would therefore in the 
table fall with the silicates which yield small quantities, though 
only small quantities, of lead to the action of dilute hydrochloric acid. 
Faraday appears to have regarded the tarnishing of the glass as due 
to some special influence of the alkali, gua alkali: it may, however, 
have been simply an illustration of the principle just developed, 
namely, that the more basic the silicate, the more readily is the lead 
attacked by acids. 

The relation between acidic and basic oxides may be formulated 
in another manner, which may be thus stated: Express the percentage 
of each basic oxide in terms of some one of them, say PbO, and that 
of the boric oxide in terms of SiO, Then take the ratio of the sum 
of the basic oxides to that of the acidic oxides. 

The table previously given suggests that, so far as influence upon 
the solubility of the lead is concerned, one molecule of the sesquioxide 


Se 


798 THORPE AND SIMMONDS: LEAD SILICATES IN 


Al,0, may replace one molecule of a monoxide base. We may there. 
fore calculate the ratio first with Al,O, put=PbO, and next with 
Al,0, put=3PbO, and compare the results, which are given with the 
solubilities in the following tables : 


Arranged in order of increasing values of the ratios. 


(i). With Al,0, put= PbO. (ii). With Al,0, put=3Pbo, 


be ‘ Solubility sy: : Solubili 
Silicate. Ratio. of PbO, Silicate. Ratio. of PbO. 


traces traces 


- 
- 
~~ 


COQ kr whe 
coooconor 


1 
1° 
1 
1 
} 
a 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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As ASHP NYPASCAN KN AN 


as 


BOS SUIAAH SHS WOO DIWIIAAAAAE 
XH mm 09 


SASNOHOS TINH NIWNONTWOHNANSCH ES 
SCORWSOHM OMAR SMNOBKRUANINNANNeE WD 

He 69 C9 C9 69 G99 CD BD. BD BO BO BO BO BD BO BD BD tO BO BO bY BY BO Ht 
KOSOOMEN WUIADAAAKHE KORE SS 
SCHOHORAWT BANPPOCABDHHRONHONMS 


Co CO CO BD BD BO OD DO 

“IO “IbO 

SONISCMONSCSOSHS NKWOSrHS 
IP coro 

SSEBOANIS 
SEAS Or Cd wD 


By either method of computation the same compounds fall into the 
same groups, but the first method gives somewhat the more consistent 
results for the higher solubilities. 

This, indeed, was so marked in the silicates first examined as to lead 
to the provisional adoption, for working purposes, of this method of 
expressing the relation-in question. The values of the ratio, bases: 
acids, were calculated first with Al,O, = 3PbO and 2B,0, = 38i0, ; 
next with Al,O, =3PbO and B,O, = Si0,; then with Al,0, = PbO 
and B,O, = SiO,. The last method alone was found to give cone 
cordant results when the amounts of lead dissolved were large, as will 
be seen from the following table ; 
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Value of ratio. 


Percentage of 


PbO dissolved, 


Silicates. I, With II. With III, With 


calculated on | 4).6,=3Pb0, | Al,0,=3PbO, | Al,0,=PbO, 
and and and 
2B,0, = 3S8i0,. B,O; = SiO,. B,0; = Si0,. 


PbO in silicate. 


2‘11 
2°65 
8°84 
8°88 
3°43 


Subsequent experience has confirmed this, to the extent at least that 
the method IIT gives the most consistent results. At the same time, 
it must be borne in mind that the special point now being advanced is 
not that the quantity of lead dissolved is directly proportional to any 
function of the ratio, but that the solubility is small below a certain 
value of the ratio, and becomes considerable when this value is much 
exceeded. The value in question is about 2 by the first method of 
calculation given on p. 798, and about 2? by the second. 

This condition, then—the maintenance of the proper relation 
between the basic oxides and the acidic oxides—is the primary factor 
governing the insolubility of the lead in the silicate. 

Subsidiary factors may exist in the possible different states of com- 
bination in which alumina and boric oxide may occur in the silicate. 

It is conceivable that in some cases the alumina may act as an 
acid constituent. In such cases, the amount of lead dissolved would 
presumably be less than indicated from the value of the ratio. 
Possibly the compound No. 22, in the table (p. 798), is an instance of 
this, 

As regards boric oxide, since lead borate is readily attacked by 
acids it might perhaps be expected that the borosilicates would show 
some traces of this property, as compared with silicates containing no 
boric oxide. But, as a matter of fact, the highest quantities of boric 
oxide met with (from 4 to 6 per cent.) were contained in those 
specimens which yielded least lead to the action of the solvents. It 
does not, however, follow that in these cases the boric oxide exerted 
any influence in promoting the insolubility of the lead; because the 
specimens in question all contained high percentages of silica, and the 
stability of the compounds may have been due to this cause, irrespective 
of any special influence of the boron. In the case of silicates in which 
the relation of basic oxides to acidic oxides is such as to bring the 
compounds near the border-line between the easily-attackable-and the 
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more resistant, it is quite possible that the substitution of any appreci- 
able quantity of boric oxide for a corresponding quantity of silica 
might result in the compounds showing, not an increased, but a 
decreased resistance to the action of acids. The silicates 19 and 29 
in the table on p. 798, both of which contain boric oxide, may 
perhaps be instances of this. 

Pending further work, the precise influence of these subsidiary 
factors remains somewhat obscure. But though these are matters of 
considerable theoretical interest, the point which is of chief practical 
moment may, we think, be regarded as completely established. By 
keeping the relative proportions of bases and acids sufficiently within 
the limits indicated, sparingly soluble silicates are always obtained, and 
the influence, whatever it may be, of these minor factors does not then 
come into play. 

A second condition, governing the smaller quantities of lead ex- 
tracted, may also be mentioned. Dealing now only with the specimens 
1 to 17, all of which conform to or are very near the limiting ratio, which- 
ever method of calculation is adopted, it will be seen that in these the 
solubility of the lead, though never large, varies very erratically. In 
some instances mere traces are dissolved ; in others, the quantity is 
from 1 to 3 per cent. 


The explanation of this was suggested by considering the results of 
the following experiments : 


Lead oxide dissolved, 
With 0°25 per cent, With 0-05 per cent, 
HCl. HCl. 
From specimen K 0°65 per cent. 0°60 per cent. 


” ” ” 1:10 ” 


Here the acid used in one case is five times as strong as in the other, 
but it extracts scarcely any more lead. This indicated that although 
the great bulk of each specimen consisted of silicate which was not 
attacked even by the stronger acid, it nevertheless contained a small 
quantity of some compound of lead, probably admixed with it, or 
perhaps in some loose state of combination, which was readily dissolved 
even by the weaker solvent. Most probably this may have been due to 
the process of fusion not having been sufficiently prolonged to effect the 
complete chemical changes required. But, let the explanation be what 
it may, the experiments suggested that in those specimens which con- 
formed to the ratio indicated, yet still yielded one or two per cent. of 
lead oxide to the solvent, the greater part of the lead compound thus 
dissolved was in this admixed or loosely combined form. If s0, it could 
be removed by treatment with acid, and the residue should then be 
practically insoluble. 

This supposition was verified experimentally, the results of some 
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typical experiments being given below. The observation has a prac- 
tical value, since it shows the manufacturer that by simply grinding 
certain moderately soluble “ fritts” with dilute acid, he can obtain a 
product which yields mere traces of lead to the action of such solvents 
as we are here concerned with. 


Fuperiments upon the Treatment of Lead Silicates with Dilute Sloane: 
Hydrochloric Acid. 


Silicates which yielded amounts of soluble lead oxide ranging up to 
2 per cent., were separately shaken with 500 times their weight of 
0'25 per cent. hydrochloric acid for six hours. The dissolved portion 
was analysed, and the undissolved residue tested for its solubility as 
regards lead. 


Amount of silicate Amount of silicate 
Silicate. dissolved, per cent. dissolved, per cent. 


In all cases, the dissolved portion consisted largely of lead oxide. A 
typical analysis is adduced to show the general character of the sub- 
stances dissolved. 

Lead silicate No. 7. Composition of the dissolved portion : 


2°1 per cent. 
” 


” 


In the undissolved residue, the percentage of lead oxide is but little 
less than in the original silicate. But the amount ‘of this lead now 
extracted by the standard soivent is only about one-third to one-eighth 
of that yielded previously. 

Thus the conditions upon which the production of nearly insoluble 
lead silicates depends are : 

Firstly, the preservation of the proper relation between the acidic 
and the basic constituents, as exemplified above. 
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Lead oxide present. Lead oxide dissolved. 


Silicate. 
(i) In the (ii) In the (i) From the | (ii) From the 
original. residual silicate. original. _residual silicate, 


22°4 per cent. | 21°8 percent. | 0°7 per cent. 
190 ,, 180 ,, 12: 
532, 523, 20 ,, 
493, 47°5 yy 15, 
24:5 ,, 240 ,, 0°6 
414, 407 ° «55 0°8 
> 404 ,, 0°7 


”? 
? 
? 


Secondly, the fusion of the materials for such a time and in so’ 
thorough a manner as to allow of the chemical reactions being com- 
pleted. 

To these may be added, in certain cases, the treatment of the sili- 
cate with acid in order to extract small quantities of admixed or 
loosely combined lead compounds from the bulk of the product. 

The following propositions are of both practical importance and 
theoretical interest. 

Provided that the foregoing conditions are satisfied, then, without 
prejudice to the insolubility in the standard solvent of the lead in the 
silicate : 

(1) The quantity of lead oxide in the silicate may have any value 
up to 50 or 55 per cent., or even higher. 

(2) The other bases (lime, alumina, and alkalis) may vary consider. 
ably, replacing one another,-and also the Jead oxide, within very wide 
limits. This is illustrated by the following table: 


Table showing that the nature of the basic omides has little or no effect 


the amount of lead dissolved. 
a ete of Lead oxide 
dissolved. 


Percentages. Percentage 
Silicate. . Al,05. CaO. Alkalis. on silicate. 


81 9°0 4°9 12 
10°3 8°5 9-2 17 


| R ; 55 0°9 3°4 2'1 
Flint glass ... 0°4 05 81 2°4 


(3) The influence of boric oxide, irrespective of that of the silica 
with which it may be associated, still remains to be ascertained ; but 
it has been pointed out that boric oxide up to 6 per cent., the highest 
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amount met with in the specimens examined, may in certain cases be 
present without apparently exercising any special influence in promot- 
ing the solubility of the lead. 

Formule of the Lead Silicates.—As might be expected, the silicates 
dealt with do not asa rule give complete formule of a simple char- 
acter. But by grouping together the mutually replaceable oxides, and 
then calculating the ultimate acids corresponding to the formule thus 
obtained, the silicates are found to be theoretically derivable from 
acids which approximate to the three following : 


Atomic ratio Si: O 
Meta-silivic acid, H,SiO, 
Meta-polysilicic acid, H,Si,O, 
Meta-disilicic acid, H,Si,O, 


Moreover, it will be seen that all those silicates which yield lead in 
quantity to the standard solvent are referable to the first acid ; whilst 
all those of slight solubility are derived from the other two. 

It is to be remembered that the small quantity of easily dissolved 
material previously mentioned is probably an admixture. With this 
reservation, the following groups of formule may be given as closely 
representing the soluble and insoluble specimens respectively. 


Group 1—With large amounts of soluble lead oxide. 
Meta(mono)silicates. Si:O=1: 3. 


Lead oxide 
dissolved. Formula. RO= T 


YPe, 
Per cent. (Pb, Ca, Mg, Na,, K,)O. «H,0,ySi0,. 


82RO,5A1,0,, 47H,0,49Si0, 


18 

8 
80 ” an 2? 
82 ” 3B,03,36 ” 
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Group II.—With small amounts of soluble lead oxide. Polysiticates 
and disilicates. 


Lead oxide Secuti, | titi 


5 ; Type, 
Specimen. | geresct, |  (Pb,Ca,Mg,Na,K,)O. | 2H,0,y8i0, 


| 
Polysilicates, Si: 0 =3 : 8. 


10RO,5A1,03,2B,05,848i0, | 25H,0,37Si0, 
” 2 ” ai! 17 ” 1 
” ” 


9? ? 
” ” 
99 3 9 
29 9 
” 
3) 
9? 
2? 


HOD ONA NR OHH 
CONKEKHOSCOOCOOSO 
SSONIABOVISAANH ND 
CS CO CO CO CO CO CO CO CO CO CO 


— 


traces 


29 
0°2 7 
, 32 
‘ 4 
5 
5 


1 
2 
3 
4 
5 
6 
7 


Several of the foregoing specimens contain boric oxide, ranging in 
amount from 0°3 to 6°1 percent. Tosimplify the formule, which would 
otherwise often be very cumbersome and unwieldy, the smaller quanti- 
ties of this oxide, about 1 per cent. or less, have been included with 
the SiO,. 

Two examples of more detailed formule are appended. ‘The firsts 
that of a very soluble silicate, the second that of an insoluble one. 


(1) 2(Na,K),O,(Ca,Mg)0,29PbO,A1,0,,3B,0,,36Si0,. 
(2) 2(Na,K),0,6(Ca,Mg)0,4PbO,3A1,0,,2B,0,,379i0,. 
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Table showing the composition of various lead silicates, with the 
amount of lead owide dissolved from them by 0°25 per cent. solu 
tion of hydrochloric acid. 


i PbO dissolved 
Silicate, ar- by 0°25 


ranged in order emk HCL r 
of increasing | per cent, of 


Percentage composition. 


solubility. silicate. | PbO. CaO. |MgO. (Na,K),0.| Al,0,. 


3 
a 


.| Si0,. 


traces 21°83 
a 18°04 
07 22°44 | 
18°97 | 
16°23 | 


7°43 
7°71 
7°62 
8°06 
10°34 
5°47 
0°36 
7°15 


10°04 
8°24 
11°52 
10°97 
0°88 
1°08 


54°44 
55°23 
52°94 
53°16 
49°67 
37°88 
44°74 
45°48 
43°61] 
29°78 
35°66 
37°62 
33°75 
33°43 
25°11 
23°87 


cocoo 
b> 0d © © 00 
SCaAses 
AAP H 
eo OK 0 
OO > > 


44°06 | 
44°64. 0° 
41°18 2°08 


_ 
i) 


© GO SI Oo Or m CO DD 
or 00 co © & CO m CO 


wnnwbd-r- 


Bde RODE SRE SIN 
oS 


on 


oF coOoOn fo oan 


45°77. 1°16 
37°92 10°83 
46°78 1°98 
48°70 | 0°83 
70°40, 0°92 
70°25 | 0°51 


=< 
Sal 111 


SI > im C9 BO Ht 

Onto OMDON 
oooooo Co. SO 
SK amore | & 
WO Ce 

mm concn? 
nd 1 OI S 


bw 
a 
ren 


* Inserted to show that the solubility of the lead oxide does not depend simply 
upon the proportion of SiO,. The full details of these, as of some others mentioned, 
in the paper, are withheld from publication, by desire of the manufacturers. 


Note on the Method adopted for Determining the Quantity of Lead 
Extracted in the foregoing Experiments. 


One hour’s shaking with the solvent at the ordinary temperature 
with a subsequent hour’s settling, was found long enough to dissolve 
the whole of the lead from easily soluble silicates. From sparingly 
soluble silicates it dissolved nearly, though not quite, as much lead as 
2 hours’ shaking. It thus served to discriminate between the two 
2 ay of compounds, and was a practical working length of time to 

opt. 

The common temperature was chosen, as being a more practicable tem- 
perature for laboratory purposes than that of blood heat, and less liable 
to variation during experiments. No doubt somewhat less lead is dis- 
solved from the sparingly soluble silicates under these conditions than 
would be dissolved at the blood temperature. 

With regard to the quantity of acid employed, a quantity equal to 
one thousand times the weight of the solid was chosen, for two reasons ; 


first, in order that under all circumstances an excess of acid should 
VOL. LXXIx, 3K 


806 LEAD SILICATES IN RELATION TO POTTERY MANUFACTURE, 


be present ; and secondly, in order that the excess should be so great 
as to obviate any considerable weakening of the acid through the 
neutralising action of the soluble constituents of the silicate. 

With regard to the necessity for the use of an excess of acid, an 
observation of some interest was made during the course of the experi- 
ments. A series of solubility determinations was undertaken, in which 
the various lead silicates were employed much in excess of the acid-used 
asa solvent. Remembering that the monosilicates easily yield the 
whole of their lead to an excess of 0°25 per cent.—and indeed to 0:05 
per cent.—hydrochloric acid, it might have been expected that, even 
when the solvent was not in excess, it would still dissolve as much 
lead as would correspond approximately to the quantity of acid present. 
But on testing the solution, small amounts only of lead were found 
—at most a few centigrams—instead of the 0°76 gram which corre- 
sponded to neutralisation of the acid. For example, 10 grams of 
silicate, containing 7:04 grams of lead monoxide, were shaken with 100 
c.c. of 0°25 per cent. HCl for 48 hours. The lead oxide in solution 
was found to be only 0°03 gram, although the quantity which the solution 
might have dissolved, if solution had proceeded until the acid was 
neutralised, was 0°76 gram. 

This occurred only when hydrochloric ‘acid was used, and not with 
lactic or acetic acids. It was, therefore, surmised that what had 
happened was this: The silicate was at first attacked, and lead dis- 
solved until the acid was neutralised. Then the lead chloride in 
solution, reacting with the excess of lead silicate, formed with it an 
insoluble compound, and so was withdrawn from solution. The re. 
action may have consisted in the decomposition of the silicate into 
silica or silicic acid and lead oxide, the latter then combining with the 
lead chloride to form an insoluble lead oxychloride analogous to 
mendipite ; or it may perhaps have taken the form of a direct addition of 
lead chloride to the silicate, resulting in the formation of a chlorosilicate 
of some such type as the mineral nasonite, 5PbO,PbC1,,4Ca0,6Si0,. 
The precise nature of the insoluble product was not determined, but 
the correctness of the general explanation was established by the 
following experiments. 

A solution of lead chloride was prepared, containing per 100 c.. 
08594 gram of lead, calculated as monoxide. 10 grams each of 
litharge, white lead, and lead monosilicate were separately shaken with 
100 c.c. of the lead chloride solution for 48 hours. The quantity of lead 
remaining in solution was then determined. It was found that nearly 
the whole of the lead chloride had been taken out of solution by 
the litharge and lead silicate, and 90 per cent. of it by the white 
lead. 

In the case of the litharge, the result was only what was expected, 
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Action of lead compounds upon a saturated solution of lead chloride. 


Compound. 


Weight of lead, cal- 
culated as oxide, 
contained in the 
quantity of lead 

chloride used 
(100 c.c.). 


Weight of lead, cal- 
culated as oxide, 
remaining in solu- 

tion after agitation 

with lead com- 
pounds. 


Percentage of the 
lead removed from 
the solution of 
lead chloride. 


0°8594 gram 


minute traces 


100°0 


0°0847 gram 90°1 
lead monosilicate 
(crude commercial 
silicate) 


00156 ,, 98°2 


but it was rather surprising to find that the silicate reacted more 
readily than white lead. 

The facility of reaction shown by the silicate raised at first some 
suspicion that the specimen might have contained more or less lead 
oxide, which had escaped combination with the silica during pre- 
paration. Subsequent experiments, however, showed that this was not 
the case. Lead monoxide, when heated with olive oil, saponifies it. 
The specimen of lead silicate was found to have no saponifying action ; 
hence it contained no admixed lead monoxide. 


THE GOVERNMENT LABORATORY. 


LXXXV.—Derwatwes of Methylfurfural. 


By Henry J. Horstman Fenton, F.R.S., and Miss Miiprep 
Gostiine, B.Sc. 


Ix previous communications (Trans., 1898, '73, 554 ; 1899, '75, 423), 
the authors have described the isolation, properties, and constitution 
of bromomethylfurfural, C,H;0,Br. It was shown that this beautifully 
crystalline substance results from the action of hydrogen bromide on 
ketohexoses, such as levulose and sorbose, or on carbohydrates, which 
are capable of giving rise to ketohexoses on hydrolysis, such as cane 
sugar or inulin, and that it may be obtained in a similar manner from 
Various forms of cellulose (Trans., 1901, '79, 361). The bromine in 
this compound is extremely reactive, so that it may be quantitatively 
estimated by direct precipitation with silver nitrate in the cold; the 
substance itself is hydrolysed by boiling water, in presence of barium 
3 K 2 
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carbonate, giving the corresponding hydroxy-compound ; and by oxida- 
tion with silver oxide yields the w-hydroxypyromucic acid previously 
obtained by Hill and Jennings from the corresponding bromo-acid, 

From these considerations, it is evident that the bromine occupies 
the w-position, that is, it is present in the side chain and not in the 
main nucleus, the constitution of the compound being represented by 
the formula 

HC:C-CH,Br 


HO:C-CHO 


Owing to the important relations of this compound to the carbo- 
hydrate family, and the bearing which its formation has upon ques- 
tions in vegetable physiology, the authors have considered it advisable 
to make a further study of its derivatives, and it will be shown that 
owing to the extremely reactive nature of the substance it is capable 
of many interesting transformations. 

The group or radicle O:CH:C,H,O°CH, has evidently considerable 
permanence or stability, and it would be a matter of convenience if a 
simple name were given to it, as has been done in the case of benzyl 
and other analogous radicles. 

Chloromethylfurfural, O:CH:C,H,O°CH,Cl.—Recent experiments 
show that this compound may be produced by the action of hydrogen 
chloride on ketohexoses and on cellulose in a manner altogether 
similar to that employed in preparing the bromo-derivative, but that 
in the first case the action takes place more slowly, and the product is 
in the first instance more difficult to crystallise. 

When levulose, for example, is treated with hydrogen chloride 
under ether, there is at first no apparent change except. that the solid 
tends to cake together. After standing for some hours, the mixture 
becomes pink or purple, but the colour is very much less intense than 
that given by the action of hydrogen bromide. In the latter case, the 
action begins almost immediately, and a very intense purple colour is 
developed within about 30 minutes. 

In order to prepare the chloro-derivative, ‘commercial’ levulose is 
covered with dry ether, and the mixture, surrounded by ice, is 
saturated, or nearly saturated, with dry hydrogen chloride. It is then 
allowed to stand for a day or two, and the resulting purple mixture is 
neutralised with sodium carbonate in the manner previously described 
for the preparation of the bromo-derivative. This neutralisation pro- 
cess is somewhat tedious owing to the large quantity of hydrogen 
chloride which is necessarily present, but the operation may be 
economised without much loss by pouring off the ethereal part and 
shaking it with a small quantity of water, keeping the mixture c0dl, 
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and again extracting this aqueous solution two or three times with 
ether. Only the ethereal extracts and the remaining solid are then 
neutralised, the aqueous solution being neglected. The excess of acid 
may also be removed by drawing a current of air through the mixture 
slightly warmed on a water-bath. 

The solid portion is then also extracted with ether, the joint ethereal 
solutions are dried over calcium chloride, and the ether is then distilled 
off. The yellow oil or syrup which remains generally refuses to crys- 
tallise, but when taken up with hot light petroleum and allowed to 
stand in a cold place it slowly deposits long, colourless, transparent 
prisms. In some cases, the substance separates again as an oil, but 
after this purification it soon sets to a crystalline mass on cooling and 
stirring, or, better, by sowing with a trace of either the chloro- or 
bromo-derivative. 

The purified substance crystallises extremely well from solvents, 
whereas in the presence of impurities it exhibits, like the bromo- 
derivative, a great tendency to remain in a superfused condition. 
This fact, together with its low melting point, accounts for the diffi- 
culty first experienced in isolating it, the experiments having been 
made in hot weather. 

In properties, the chloro-derivative very closely resembles the 
bromo-derivative, and the crystals appear to be isomorphous, It dis- 
solves very easily in ether, alcohol, chloroform, or carbon tetrachloride, 
but is only sparingly soluble in hot light petroleum. It melts toa 
colourless liquid at 37—38°, that is, about 22° lower than the bromo- 
derivative ; at a somewhat higher temperature, if cautiously heated, it 
vaporises unchanged, giving a colourless liquid which immediately 
crystallises when touched with a crystal of the substance. 

For analysis, it was recrystallised from dry ether and dried ina 
vacuum desiccator. 


01459 gave 0°2647 CO, and 0°0445 H,O. C=49:47; H=3:38, 
03650 ,, 03600 AgCl. Cl= 24-40. 
C,H,0,Cl requires C = 49°82 ; H= 3°46 ; Cl= 24-56 per cent. 


The halogen in this compound is, like that in the bromo-derivative, 
extremely reactive, so that it may be quantitatively estimated by 
direct precipitation by silver nitrate in aqueous alcoholic solution. 

From cellulose, the compound may be prepared in the same way as 
the bromo-derivative (loc. cit.), and the product in this case usually 
crystallises directly from the first extraction without previous purifica- 
tion with light petroleum. Using carbon tetrachloride as solvent, 

Saturated at about 0° with hydrogen chloride, and heating for two 
hours in a water-bath, 50 grams of Swedish filter paper gave 5-2 grams 
of pure crystals of the chloro-derivative. The product was in every way 
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identical with that prepared from levulose; it melted at the same 
temperature, and the following result was obtained on analysis : 


03483 gave 0°3448 AgCl. Ol=24:48 per cent. 


It is evident that this is a highly economical way of obtaining the 
substance, and the yield may probably be considerably increased by 
longer heating and by further modification of the details.* 

Mixtures producing hydrogen chloride may be substituted for the 
gas itself ; thus, for example, a good yield is obtained from cellulose 
by using a mixture of phosphory] chloride with about the calculated 
quantity of water and carbon tetrachloride as solvent. The substance 
is produced also by the direct action of dry hydrogen chloride on the 
carbohydrate without the use of a solvent, but the results are not so 
satisfactory. 

When the chloro-derivative is dissolved in strong acetic acid and 
mixed with excess of phenylhydrazine acetate, a very voluminous, pale 
yellow or buff precipitate is immediately produced. This, after wash- 
ing with acetic acid and then with water, contains no chlorine. It 
appears to consist of more than one substance, since only a part is 
soluble in benzene or ether, the residue being nearly insoluble even in 
boiling alcohol. 

On adding light petroleum to the benzene or ether solution, an 
orange-yellow, flocculent precipitate separates which,:after drying in a 
water-oven, melts at 118—120°. This product is being further in- 
vestigated. ' 

It seems not at all unlikely that a certain amount of the chloro- 
derivative may be formed in the process usually employed for the 
estimation of furfural in carbohydrates, &c., and in this case it is 
évident that its presence would considerably vitiate the results ob- 
tained by the phenylhydrazine method. 

Acetocymethylfurfural, O:CH-C,H,O-OH,*0-CO-CH;.— This _sub- 
stance is readily obtained by dissolving the bromo-compound in glacial 
acetic acid and adding excess of silver acetate; after warming and 
shaking for a short time, until the solution ceases to react with silver 
nitrate, the solution is filtered and allowed to evaporate in a vacuum 
desiccator over solid potash. The resulting syrup sets to a crystalline 
mass on stirring, and the product, after recrystallisation first from dry 
ether and then from boiling light petroleum, is obtained in the form 
of colourless, transparent prisms which melt at 55°. 


on col: 


* Further experiments show that the yield is to some extent dependent sof 
. ditions such as quantity of solvent and duration of heating. This primary yiel 


in no sense to be regarded as the maximum obtainable ; if the residue be well ra 
dried, and again subjected to the action of hydrogen chloride, a further ene : 
tained which in amount appears to fall not far short of that originally produ 
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The substance, after being dried in a vacuum, was analysed with the 
following results : 


01473 gave 0°3082 CO, and 0:0603 H,O. C=57:05; H= 4°54. 
C,H,O, requires C=57°14; H= 4°76 per cent.. 


Benzocymethylfurfural, O:CH-C,H,O-CH,°0-CO-C,H,.— This com- 
pound was obtained in a manner similar to that employed in the 
preparation of the acetoxy-derivative, using silver benzoate, with 
acetone as solvent in place of acetic acid. After crystallisation from 
. dry ether and from light petroleum, it was obtained in the form of 
stellate aggregates of long, colourless prisms melting at 56—57°. 


01188 gave 0:2962 CO, and 0:0451 H,O, C=67:99; H=4:22. 
C,,H,,0, requires C= 67°82; H=4°34 per cent. 


Preparation of 5-Methylfurfural.—Both the bromo- and the chloro- 
derivatives are easily reduced by stannous chloride in acid solution, 
giving methylfurfural identical in every respect with that obtained by 
fractionation of the product of dry distillation of wood, &c., and from 
thamnose by the action of dilute acids. 

Powdered crystals of the bromo-derivative were covered with excess 
of a strong solution of freshly prepared stannous chloride in hydro-° 
chloric acid and allowed to stand overnight. The mixture was then 
neutralised with solid sodium carbonate and distilled in steam, when 
a considerable quantity of nearly colourless oil separated in the dis- 
tillate. The latter was shaken with ether, and the ethereal solution 
dried over calcium chloride. After distilling off the ether, the pro- 
duct boiled at 186—187°, and was analysed with the following results : 


02135 gave 0°5135 CO, and 0°1015 H,O. C=6558; H=5-28. 
C,H,O, requires C= 65:45 ; H=5-45 per cent. 


Fourteen grams of the bromo-derivative gave about 1°9 grams of 
pure methylfurfural, or about 23 per cent. of that required by theory, 
and this yield could doubtless be increased by slight modification of 
the details of preparation. : 

The reactions of the product are in every way similar to those of 
the substance prepared in the other ways mentioned. With aniline 
acetate, it gives at first only a slight yellow colour and this, on stand- 
ing for some time, changes to a bright orange-red. When a dilute 
solution of the substance in alcohol is carefully mixed with strong 
sulphuric acid, an intense and beautiful grass-green colour is developed 
in the upper layer of liquid (Maquenne’s reaction). 

The chloro-derivative also readily gives methylfurfural under similar 
treatment, and the yield appears to be as good or better. For this 
purpose, it is not necessary first to isolate the chloro-derivative; the 
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mixture produced by action of hydrogen chloride on the carbohydrate 
may be mixed directly with excess of stannous chloride and the further 
operations conducted as before. It is advisable to remove most of the 
acid as above suggested in order to avoid excessive neutralisation, 
Bearing in mind the difficulty of obtaining pure methylfurfural by the 
older methods, it would appear that the process here described offers 
very considerable advantages. 


Difurfurylethanedialdehyde. 


When bromomethylfurfural, dissolved in an appropriate solvent, is 
heated with finely divided metallic silver, the bromine is entirely 
removed and a beautifully crystalline product results. Other metals 
in the ordinary state, such as zinc, sodium, or magnesium, appear to 
have little, if any,action, and in the case of silver the state of division 
is of great importance. The first experiments were made with silver 
precipitated by the sulphite method, toluene being used as solvent, and 
the mixture heated in sealed tubes for several hours to about 140°. 
Only a very small yield was obtained in this way, and it was after- 
wards found that by using silver reduced from the chloride by zine, an 
energetic action takes place, the whole of the bromine being removed 
in about half an hour, and a large yield of the product obtained. 

The method now adopted is as follows. Recrystallised bromo- 
methylfurfural is mixed with a considerable excess (14 to 2 parts by 
weight) of finely divided silver (prepared by reducing the chloride with 
zinc, digesting for 24 hours with dilute sulphuric acid, washing 
successively with water, alcohol, ether, and benzene). The mixture is 
then covered with two or three times its volume of dry benzene, and 
heated to boiling in a reflux apparatus on a water-bath until a drop of 
the liquid gives no reaction with silver nitrate and nitric acid. Con- 
siderable heat is evolved in the ‘action, the mixture becoming warm 
even before external heat is applied, and the operation is completed in 
about 30—45 minutes. 

The solution is filtered off, the residue further extracted three or 
four times with boiling benzene, and the greater part of the benzene 
distilled off, when, on cooling, a bulky, yellow precipitate separates. 
This is drained on a porous plate and recrystallised from-a mixture of 
boiling benzene and light petroleum. Thus obtained, the product is 
still bright yellow, but it may be further purified by recrystallisation 
from boiling water, from which it separates on cooling in long, slender 
prisms which are almost colourless. The substance dissolves easily in 
cold chloroform and fairly easily in cold glacial acetic acid, but is very 
sparingly soluble in most other cold solvents. It dissolves easily in 
hot benzene and sparingly in boiling'water. It melts sharply without 
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decomposition at 119—120°, and at a higher temperature partly 
vaporises, giving a crystalline sublimate. 

A dilute alcoholic solution of the substance when cautiously mixed 
with concentrated sulphuric acid gives a grass-green colour, resembling 
in this respect the behaviour of methylfurfural. 

The substance, dried at 100°, was analysed with the following results : 


01168 gave 0°2826 CO, and 00478 HO. C=65:°98; H=4°54, 
01253 ,, 0:3024 CO, ,, 0°0483 H,O. C=65°82; H=4:28. 
(C,H,0,)2 requires C= 66°05 ; H = 4:54 per cent. 


The molecular weight was determined by the freezing point method 
using acetic acid as solvent, and the results obtained were remarkably 


concordant. 


Molecular 
Solvent. Solute. Depression. weight. 


I. 11°12 0°1974 0°307 224 
IL, — 0°4093 0°635 225 
III. 13°43 0°2053 0264 224 
IV. — 0°3307 0°424 225 


The calculated molecular weight for C,,H,,O, is 218. 

The action therefore consists in the removal of two atoms of bromine 
from two molecules of bromomethylfurfural with linking of the 
residues. 


2C,H,0O,.Br + 2Ag = C,,H,,O, + 2AgBr. 


From the constitution of bromomethylfurfural which was previously 
established (Trans., 1899, '75, 429), it follows that the product at present 
under consideration must be represented by the following formula : 


i ta oem egy 


HC: Ba ‘CHO CHO: ‘CH 


It is difficult to give this substance a simple name ; difurfurylethane- 
dialdehyde seems to be the most appropriate. 

Action of Phenylhydrazine.—Phenylhydrazine, benzylphenylhydr- 
azine, and hydrazine all give white or buff precipitates with solutions 
of the above condensation product. A solution of the substance in 
strong acetic acid was mixed with rather more than twice the mole- 
cular proportion of phenylhydrazine as acetate, and the resulting 
bulky, nearly white precipitate was well washed with acetic acid and 
then with water. It was then dried in a vacuum desiccator and re- 
crystallised from a cold mixture of absolute alcohol and ether, from 
which it separated in clusters of minute, transparent plates melting at - 
179—181°. These, dried in a vacuum desiccator, were analysed with 
the following result : 
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01501 gave 18°84 c.c. nitrogen at 17° and 747 mm. N=1453, 
C,,H,.0,N, requires N = 14:07 per cent. 

The compound is therefore a dthydrazone having the formula 
C,H ,0,(N,H-O,H;).. 

Action of Hydroxylamine—A warm alcoholic solution of the di. 
aldehyde was mixed with rather more than two molecular proportions 
of free hydroxylamine, also in aleoholic solution, prepared by Wohl's 
method. After standing for about 24 hours in a closed flask, the 
solution was allowed to evaporate in a vacuum desiccator over sulphuric 
acid, when a white, crystalline substance was deposited. This was 
washed with cold chloroform and recrystallised from a hot mixture of 
absolute alcohol and chloroform, from which it separated in colourless 
prisms melting at 182°. It dissolves fairly easily in warm alcohol, but 
is very slightly soluble in chloroform or ether. On analysis: 


0°1825 gave 17°5 c.c. nitrogen at 16° and 746 mm. N=11°'15. 
C,,H,,0,N, requires N = 11°29 per cent. 
The substance is therefore a dioxime having the formula 
C,,H,0.(NOH),. 


Difurfurylethanedicarboxylic Acid. 


The dialdehyde was oxidised with silver oxide in a manner similar 
to that employed by Hill and Jennings for the oxidation of methyl- 
‘furfural (Amer. Chem. Journ., 1893, 15, 167). .The substance was 
mixed with water and an excess of freshly precipitated, well washed 
silver oxide, and heated in a water-bath to boiling for about half an 
hour. A slight excess of sodium carbonate was then added, the mix- 
ture again boiled for ten minutes, filtered, evaporated to smaller bulk, 
again filtered, and strongly acidified with hydrochloric acid. A 
voluminous white or yellowish precipitate was immediately produced, 
which, after cooling, was collected on a suction filter, well washed 
with cold water, and recrystallised, first from hot dilute alcohol and 
then from a mixture of absolute alcohol and toluene. The product is 
seen under the microscope to consist of minute, transparent prisms. 
It melts at 267—269°, turning black and decomposing at the same 
time. It is almost insoluble in cold water, acetic acid, benzene, &., 
but dissolves fairly easily in hot alcohol, and easily in alkalis. 

For analysis, the acid was dried at 100°: 


0°1394 gave 02923 CO, and 0:0488H,O. C=57:25; H=3'89._ 
C,,H,,0, requires C=57°60 ; H= 4:00 per cent. 


The bariwm salt was prepared by dissolving the acid in a considerable 
excess of hot barium hydroxide solution, removing the excess by carbon 
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dioxide, boiling, and filtering. On allowing the solution to stand ina 
desiccator, the salt is slowly deposited in aggregates of transparent 
plates. For analysis, it was dried at 140°: 


04813 gave 0:2872 BaSO,. Ba = 35-09. 
C,,H,O,Ba requires Ba = 35°58 per cent. 


The barium salt is easily soluble in hot water ; its solution is neutral 
to litmus and gives a white precipitate with silver nitrate or lead 
acetate. 

From the mode of formation and composition of the acid and com- 
position of the barium salt, it is evident that the acid is dibasic and has 
the constitution : 


CO,H-C,H,0-CH,*CH,*C,H,0-C0,H. 


When the dry barium salt is mixed with quicklime and strongly heated, 
a yellowish oil distils over and partially crystallises on standing. It is 
probable that this is the parent substance, difurfurylethane, and the 
authors intend further to examine it. 

Condensation Product with Sulphurous Acid.—It may be observed that 
the molecular formula for the dialdehyde described above, C,,H,,0,, 
differs by CH, from that of the product, which the authors previously 
obtained from the bromo-derivative by the action of sulphurous acid, 
and proved to have the molecular formula ©,,H,O, (Trans., 1899, 
75, 431). Recent experiments with the latter compound indicate that 
it also reacts with two mols. of phenylhydrazine. The product does not 
erystallise well, so was analysed after washing carefully and then 
drying in a vacuum desiccator. 


02169 gave 27°0 c.c. nitrogen at 19° and 731 mm. N=14-04. 
C,,;H.0,N, requires N = 14°58 per cent. 


This phenylhydrazine derivative dissolves in concentrated sulphuric 
acid with a green colour, which is changed to an intense blue by the 
addition of manganese dioxide. 

At first sight, therefore, it might be thought probable that this con- 
densation product and the dialdehyde were homologous compounds of 
the same type, but this is probably not the case, since the former gives 
very remarkable colour reactions, which distinguish it in a marked way 
from the dialdehyde ; with caustic alkalis, it gives an intense blue, and 
With aniline acetate a brilliant green colour. Further experiments are 
how being made with this product, and it is found that it may be pro- 
duced in a similar way by the action of sulphurous acid on the chloro. 
and on the acetoxy-derivatives. The authors previously suggested that 
ttmight bemethylfuril, C,H,0*CO-CO:C,H,0-CH,, and the experiments 
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made up to the present time are in harmony, either with this assump- 
tion, or with the alternative ketone-aldehyde formula, 
CHO:C,H,0-CO-C,H,0-CH,. 


The isolation of the derivatives mentioned in this and preceding com- 
munications has suggested a large number of further investigations 
which the authors hope shortly to undertake. It would be of much 
interest, if, by a reversal of the change mentioned, a carbohydrate could 
be regenerated from one of these compounds, for example, from the 
hydroxy-derivative, and some experiments have already been made 
in this direction. 

The study of the action of hydrogen cyanide on the dialdehyde and 
of hydrogen iodide on the dicarboxylic acid also promises to give 
results of considerable interest. 


Most of the materials necessary for this research have been obtained 


by means of funds kindly supplied by the Government Grant Com- 
mittee of the Royal Society. 


LXXXVI.—The symmetrical  Trichlorobromoaniines 
and Chloro- and Bromo-amino-derivatives of Chloro- 
bromoacetanilides. 


By F. D. Cuarraway and K, J. P. Orton. 


Or the two symmetrical chlorodibromoanilines, 4-chloro-2 : 6-dibromo- 
aniline was prepared by Hofmann (Annalen, 1845, 53, 38) by brominat- 
ing p-chloroaniline, and 2-chloro-4 : 6-dibromoaniline by Langer 
(Annalen, 1882, 215, 115) by brominating o-chloroaniline. By 
chlorinating p-bromoaniline, Fittig and Biichner (Annalen, 1876, 188, 
22) obtained 2 : 6-dichloro-4-bromoaniline. The isomeric 2 : 4-dichloro- 
6-bromoaniline has hitherto not been described. These anilines have 
not been well characterised; Hofmann does not give the melting 
point of the substance prepared by him, and none of the anilides have 
been described. 

The two isomeric anilines not only resemble one another very closely 
in crystalline form, but possess melting points which lie very near 
together. The melting points of the anilides also are only two or 
three degrees apart. Thus, 4-chloro-2 : 6-dibromoaniline and 2-chloro- 
4:6-dibromoaniline melt respectively at 97° and 95°, whilst their acetyl 
derivatives both melt at 227°. Were it not for the fact that the 
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acotylchloroamino-derivatives of these anilides have melting points 
differing by 10 degrees, these anilines would be practically undis- 
tinguishable. : 

The nitrogen chlorides and bromides described in this paper resemble 
in every way the analogous compounds previously prepared. The 
methods of preparation are substantially the same as those formerly 
used, although in some details they have been slightly modified. 

4-Chloro-2 : 6-dibromoaniline, C,H,CIBr,"NH,, is prepared by adding 
a solution of p-chloroaniline in excess of hot glacial acetic acid to the 
calculated quantity of bromine dissolved in the same solvent. On 
cooling, practically all the 4-chloro-2 :6-dibromoaniline separates in 
almost colourless needles. If excess of bromine is used, the crystals 
have a faint reddish colour, which can only be removed by distilling 
once or twice in steam. To completely purify the aniline, it is best to 
recrystallise it from hot alcohol, when it separates in needles often 
3or4cm. in length. In hot alcohol, acetic acid, benzene, chloroform, 
acetone, or petroleum, it is readily soluble but is only very sparingly 
so in any cold solvent. It distils easily in steam, melts at 97°, and 
boils at 301° under 760 mm. pressure. As was to be expected, the 
salts are very unstable and undergo hydrolysis with water. 


03175 gave 05726 AgCl+ AgBr and 0°2168 Cl+Br.* Cl=12:17; 
Br = 55°85. 
C,H,NCIBr, requires Cl= 12°42 ; Br=56°03 per cent. 


4-Chloro-2 : 6-dibromoacetanilide, C,H,CIBr.»NHAc.—The aniline is 
best acetylated, as are all diortho-substituted anilines, by adding a slight 
excess of acetyl chloride to a hot solution of the base in glacial acetic 
acid. The anilide crystallises well from glacial acetic acid or alcohol 
in well developed, often flattened prisms or needles melting at 
226—227°. It is insoluble in all solvents and extremely difficult to 
hydrolyse. Only after many hours’ boiling with alcoholic hydrochloric 
acid is hydrolysis complete. 


02062 gave 0:°3233 AgCl+AgBr and 0°122 Cl+Br; Cl=10-47; 
Br = 48°68. 
C,N,ONCIBr, requires Cl = 10°82 ; Br = 48°87 per cent. 


Acetylchloroamino-4-chloro-2 : 6-dibromobenzene, C,H,C1Br,*NClAc, is 
prepared by slowly adding excess of a concentrated solution of bleach- 
ing powder (about normal) to a solution of the corresponding anilide 
in hot glacial acetic acid. If sufficient acetic acid is used, the chloro- 


* To estimate the chlorine and bromine, the mixed silver chloride and bromide 
obtained in the usual Carius estimation, are weighed in a Gooch crucible, which is 
then heated in a Rose’s crucible, in a current of hydrogen, for twenty minutes.. The 
loss of weight represents the chlorine and bromine. 
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amino-derivative does not separate as an oil; but crystallises out on 
cooling in lustrous, white plates. It is thus obtained purer than if 
allowed to separate in a molten state. It is very soluble in chloroform 
or benzene, less so in acetic acid, and can readily be recrystallised from 
petroleum (b. p. 50—80°). It separates from the last solvent in short, 
four-sided prisms, often resembling cubes, melting at 110—111° 


05066 liberated I= 28-02 c.c. W/10 iodine. Clas -NC1=9'8, 
C,H,ONCI,Br, requires Cl as :NCl=9°8 per cent. 


On heating this compound in a sealed tube with glacial acetic acid at 
160° for a short time, decomposition took place with the evoiution of a 
small quantity of bromine. The only substance which could be 
isolated was the original anilide, 4-chloro-2 ;6-dibromoacetanilide, 
which was formed by hydrolysis from the nitrogen chloride. The 
anilide is most easily recognised by recrystallising from acetic acid the 
product obtained after heating in the sealed tube, and then converting 
it into the chloroamino-derivative. Not only is the latter very quickly 
analysed, but the melting point is far removed from the melting points 
of the chloroamino-derivatives of either of the two symmetrical 
dichlorobromoacetanilides, which might be formed by replacement of 
bromine by chlorine. 

2-Chloro-4 : 6-dibromoaniline, C,H,CIBr,*NH,, was obtained by 
Langer (loc. cit.) by the action of excess of bromine water on an 
aqueous solution of o-chloroaniline hydrochloride. It is more con- 
venient to prepare this compound by brominating o-chloroaniline 
(obtained from carefully purified o-chloroacetanilide) in the manner 
above described. We have also prepared it by brominating 2-chloro- 
4-bromoaniline. Langer gives the melting point of the aniline as 95°; 
the compound obtained by us in either way melted exactly at this 
temperature. 

2-Chloro-4 : 6-dibromoacetanilide, C,H,CIBr,*NHAc, was prepared as 
described above. It forms flattened prisms or needles melting at 227°, 
atid is practically indistinguishable from the isomeric 4-chloro-2: 6-d- 
bromoacetanilide. 


0°1129 gave 0°1787 AgCl+ AgBr and 0:0674 Cl+Br. Ol=10°63; 
Br = 49°09. 
C,H,ONCIBr, requires Cl= 10°82 ; Br = 48-87 per cent. 
Acetylehloroamino-2-chloro-4 : 6-dibromobenzene, O,H,ClBr,*NClAc, 
prepared from the anilide as above described, crystallises from petrol- 
eum in four-sided prisms and from dilute acetic acid containing 
hypochlorous acid in plates melting at 99—100°. 


0°2322 liberated I= 12°98 c.c. W/10 iodine. Cl as -NC1=9'9. 
C,H,ONCI,Br, requires Cl as :NCl=9°8 per cent. 
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On heating for a short time at 160° with acetic acid in a sealed 
tube, decomposition takes place, with evolution of a small amount of 
bromine. The chief product is re-formed 2-chloro-4 : 6-dibromoacet- 
anilide. 

2: 6-Dichloro-4-bromoaniline, C,H,Cl,Br-NH,.—Fittig and Biichner 
(loc. cit.) obtained this aniline, together with 2-chloro-4-bromoaniline, 
by chlorinating a hot aqueous solution of p-bromoaniline hydrochloride. 
We find the following method gives a better yield than theirs, and is 
more convenient. A cold solution of p-bromoaniline in chloroform is 
slowly added in small portions at a time to well cooled chloroform 
saturated with dry chlorine. After each addition of the base, chlorine 
gas is again passed in. During the process, the hydrochloride of 
2;6-dichloro-4-bromoaniline is precipitated. This is filtered off and 
decomposed by dilute aqueous ammonia; the aniline thus obtained is 
recrystallised from alcohol, from which solvent it separates in long 
needles melting at 92° (Fittig and Biichner give 93°5°). It is more 
soluble in cold solvents than the chlorodibromoanilines. 

2 : 6-Dichloro-4-bromoacetanilide, C,H,Cl,Br-NHAc, forms flattened 
prisms or needles melting at 214°. 


03162 gave 05279 AgCl+AgBr and 0:1677 Ol+Br. Cl=24°93 ; 
Br = 28:11. 
C,H,ONCI,Br requires Cl= 25°06 ; Br = 28-26 per cent. 


Acetylchloroamino-2 : 6-dichloro-4-bromobenzene, C,H,Cl,Br*NClAc, 
crystallises in plates from dilute acetic acid containing hypochlorous 
acid, and from petroleum in prisms melting at 81°. 


0'2349 liberated I= 14°72 c.c. V/10 iodine. Cl as -NCl=11°11. 
C,H,ONCI,Br requires Cl as :NCl=11°17 per cent. 


2 : 4-Dichloro-6-bromoaniline, C,H,Cl,Br*NH,, is readily prepared by 
brominating 2:4-dichloroaniline. It is very soluble in benzene or 
chloroform, and fairly so in petroleum or dilute alcohol. It crystallises 
in long, white, lustrous needles melting at 83-5° and boiling at about 
273° under the ordinary atmospheric pressure. 


0'2324 gave 0-4578 AgCl+AgBr and 0°1454 Cl+Br. Ol=29-48; 
Br = 33°09. 
C,H,NC1,Br requires Cl = 29°43 ; Br= 33°18 per cent. 


2: 4-Dichloro-6-bromoacetanilide, C,H,Cl,Br-NHAc, forms flattened 
prisms or needles melting at 218°. 


0'2257 gave 0:377 AgCl+AgBr and 071202 Cl+Br. Ol=24°71 ; 
Br = 28°53. 


C,H,ONCI,Br requires Cl = 25°06 ; Br = 28°26 per cent. 
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Acetylchloroamino-2 : 4-dichloro-6-bromobenzene, C,H,Cl,Br-NClAc, 
erystallises from petroleum in four-sided prisms, melting at 91—92°, 


0°2288 liberated I=14°4 c.c. W/10 iodine. Cl as >(NCl=11°15, 
C,H,ONCI,Br requires Cl as -NCl= 11-17 per cent. 


2 : 6-Dibromoacetanilide, C,H,Br,"NHAc, obtained as above from the 
aniline, crystallises from alcohol, in which it is moderately soluble, in 
white prisms melting at 208—209°. 


02233 gave 0°2856 AgBr. Br=54-42. 
C,H,ONBr, requires Br = 54°58 per cent. 


Acetylchlorowmino-2 : 6-dibromobenzene, C5H,Br,*NClAc, crystallises 


from petroleum in small prisms melting at 88°, 


0°3198 liberated I= 10-0 c.c. V/10 iodine, Clas -NCl=11:07. 
C,H,ONCIBr, requires Cl as -NCl = 10°82 per cent. 


Although many attempts were made to transform this nitrogen 
chloride into the isomeric 4-chloro-2 : 6-dibromoacetanilide, under no 
circumstances could the chlorine be induced to pass from the nitrogen 
atom to the para-position in the benzene ring. The nitrogen chloride 
was found to undergo change only»when it was heated in a sealed 
tube for some time with glacial acetic acid at 140—150°. The product 
then contained no nitrogen chloride. In order to determine whether 
any isomeric change had occurred, it was boiled with alcohol and 
sulphuric acid to convert the anilide into aniline, and then distilled in 
steam. The substance which separated from the distillate melted at 
84°, the melting point of 2:6-dibromoaniline, and gave an anilide 
melting at 207°. The latter yielded a chloroamino-derivative melting 
at 88°, which on analysis was found to contain Cl as -NCl1=1085 
per cent. No transformation had, therefore, taken place ; the chloro- 
amino-derivative had simply hydrolysed on heating with acetic acid. 

Acetylbromoamino-4-chlorobenzene, C,H,Cl*-NBrAc.—This substance 
was prepared in the usual manner (Chattaway and Orton, Ber., 1899, 
32, 3573). When crystallised from a mixture of chloroform and 
petroleum, it forms yellow, four-sided plates melting at 91°. 


0:2529 liberated I= 20°3 c.c. V/10 iodine. Br as -(NBr=32'09. 
O,H,ONCIBr requires Br as .NBr = 32°17 per cent. 


It is transformed quantitatively into the isomeric 4-chloro-2-bromo- 
acetanilide (m. p. 137°) on allowing a solution in a mixture of chloro 
form and acetic acid to stand for 12 hours. 

Acetylchlorowmino-4-bromobenzene, C5H,Br*NClAc, was prepared by 
shaking up finely-powdered p- -bevenckestenills with a slight excess of 
bleaching powder solution just acidified with acetic acid. Chloroform 
was added to dissolve the nitrogen chloride. After evaporation of 


* 
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the solvent, the substance was recrystallised from petroleum, from 
which it separates in large, white rhombs melting at 108—109°. 


02631 liberated I= 20°9 c.c. W/10 iodine. Ol as -NCl=14-15. 
0,H,ONCIBr requires Cl as -NCl= 14:26 per cent. 


In a solution in acetic acid, or in a mixture of acetic acid and 
chloroform, it is transformed quantitatively into 2-chloro-4-bromo- 
acetanilide (m. p. 151°). 

Acetylbromoamino-2 : 4-dichlorobenzene, C,H,Cl,*NBrAc, crystallises 
from a mixture of chloroform and petroleum in lustrous, yellow plates 
or prisms melting at 95—-96°. 


0:2453 liberated I= 17°28 c.c. W/10 iodine. Br as (NBr= 28°16. 
C,H,ONCI,Br requires Br as :NBr = 28°26 per cent. 


It is transformed into the isomeric 2: 4-dichloro-6-bromoacetanilide 
when carefully heated alone at 130° for some 45 minutes, - 

Acetylchloroamino-4-chloro-2-bromobenzene, C,H,CIBr*NClAc, was pre- 
pared by adding a solution of bleaching powder to a solution of 
4chloro-2-bromoacetanilide in glacial acetic acid. It crystallises from 
petroleum in four-sided prisms melting at 74—75°. 


0'2533 liberated I= 18°04 c.c. W/10 iodine. Cl as -NC1=12°63. 
C,H,ONCI,Br requires Cl as :NCl= 12°53 per cent. 


On heating in a sealed tube with acetic acid up to 150°, it is partially - 
transformed into 2 : 4-dichloro-6-bromoacetanilide, and partially hydro- 
lysed, re-forming 4-chloro-2-bromoacetanilide. 

Acetylbromoamino-4-chloro-2-bromobenzene, O,H,ClBr-NBrAc forms 
yellow rhombs melting at 85—86°. 


0:218 liberated I= 13-4 c.c. W/10 iodine. Br as -NBr= 24°57. 
C,H,ONCIBr, requires Br as -NBr = 24-64 per cent. 


On heating alone at 130° for a short time, it changes into the 
isomeric 4-chloro- 2 : 6-dibromoacetanilide melting at 227°. 

Acetylchloroamino-2-chloro-4-bromobenzene, O,H,C1Br-NClAc, crystal- 
lises in rhombs or four-sided prisms melting at 88—89°. 


0:2693 liberated I= 19°15 c.c. W/10 iodine. Clas :NC1=12°6. 
C;H,ONCI,Br requires Cl as -NCl= 12°53 per cent. 


On heating in a sealed tube with acetic acid to 140°, transformation 
takes place. The product crystallises in fine prisms, which gave cor- 
rect numbers for a dichlorobromoacetanilide; but the melting poiht 
cannot be raised above 205°, whereas pure 2 : 6-dichloro-4-bromoacet- 
anilide melts at 214°. This is probably due to a partial displacement 
of the bromine from the para-position during the transformation. 

Acetylbromoamino-2-chloro-4-bromobenzene, C,H,ClBr-NBrAc, forms 
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brilliant, four-sided, yellow prisms, often nearly cubical, melting at 
110—111°. 


0:257 liberated I= 7:9 c.c. V/10 iodine. Br as ‘(NBr= 24:58, 
O,H,ONCIBr, requires Br as :NBr = 24°44 per cent. 


On heating for a short time at 130°, it is transformed into the 
isomeric 2-chloro-4 : 6-dibromoacetanilide. 

Acetylchloroamino-2 : 4-dibromobenzene, C,5H,Bra*NClAc, forms lus. 
trous, white plates or rhombs melting at 56—57°. 


0°3652 liberated I= 22°18 c.c. W/10 iodine. Clas -NCl=10°76, 
C,H,ONCIBr, requires Cl as ‘NCl=10°82 per cent. 


This nitrogen chloride is readily transformed when heated at 100° 
for 1 hour with acetic acid in a sealed tube. The product gives cor. 
rect numbers for a chlorodibromoacetanilide, but the melting point 
cannot be raised above 221°. It is probable that the product of 
this transformation is a mixture of the two chlorodibromoacetanilides, 
partial displacement of the bromine having taken place. 

Acetylchloroamino-2 : 4 : 6-tribromobenzene, C,H,Br,*NClAc, forms 
highly refractive crystals melting at 109—110°. 


0°2795 liberated I= 13:4 c.c. W/10 iodine. Clas -NC1=8'5. 
C,H,ONOIBr, requires Br as ‘NBr= 8-72 per cent. 


When heated in a sealed tube with acetic acid at 160°, this sub- 
stance decomposes with evolution of bromine. The product, after 
repeated recrystallisation, melts at 220° and contains 4 per cent. of 
chlorine. It was converted into the nitrogen chloride, which, after 
repeated recrystallisation from petroleum, melted at 109°, and con 
tained Cl as :NCI=8°5 per cent. From the purified nitrogen chloride, 
s-tribromoacetanilide melting at 232° was obtained. 
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LXXXVII.—The Replacement of Bromine by Chlorine 
in Anilines. 


By F. D. Caarraway and K. J. P. Orton. 


Tue replacement of one halogen by another in anilines was first 
observed by Wegscheider (Monatsh., 1897, 18, 329). On heating 
s-tribromoaniline with hydrochloric acid at 240°, he obtained nearly 
pure s-trichloroaniline. When s-trichloroaniline was heated with 
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hydrobromic acid, bromine replaced chlorine to some extent, and 
apparently mixtures of chlorobromoanilines were produced. 

About the same time, Hantzsch (Ber., 1897, 30, 2334) showed that 
bromobenzenediazonium chlorides are transformed under certain 
conditions into chlorobenzenediazonium bromides, but that the 
reverse changes never take place. This interchange of bromine and 
chlorine only occurs when the bromine atoms occupy ortho- and para- 
positions relatively to the diazonium group. Hantzsch and Smythe 
(Ber, 1900, 33, 505) further find that the velocity of the reaction in 
certain dibromo-compounds is greater when both bromine atoms occupy 
ortho-positions than it is when one bromine atom is in the ortho- and 
the other in the para-position. From this he concludes that the inter- 
change between the chlorine atom attached to the nitrogen and the 
bromine atom attached to the nucleus takes place more readily when 
the bromine atom occupies an ortho-position relatively to the di- 
azonium group. From among the products of the reaction, Hantzsch 
never isolated any compound in which chlorine had replaced bromine 
inthe ortho- and not in the para-position, nor did he show that the 
chlorobromo-compound he obtained from 2: 4-dibromobenzenediazonium 
chloride possessed the orientation N,:Cl:Br=1:2:4, and not 
N,:Br:Cl=1:2:4. ; 

In the course of our work on the chloroamino-derivatives of: bromo- 
anilides, it was observed that bromine was evolved when acylchloro- 
aminobromobenzenes, in which bromine occupied an ortho- or para- 
position relatively to the nitrogen, were heated with acetic acid in a 
sealed tube. This evolution was very obvious with derivatives of 
s-tribromoaniline, and to a less extent with those of s-chlorobromo- 
anilines. Very little replacement of bromine by chlorine, however, 
takes place under these conditions, the chloroamino-derivatives mainly 
suffering hydrolysis, with regeneration of the anilide. It was found 
impossible to separate from the large quantity of anilide regenerated 
the small amount of material in which chlorine had partly replaced 
the bromine. 

On treating s-tribromoaniline, however, with an acetylchloroamino- 
derivative, the evolution of bromine is very marked; and beside azo- 
compounds* (compare this vol., 461) and colouring matters soluble 
in alcohol, a chlorodibromoaniline can be isolated. To investigate 
this reaction further, we prepared the two s-chlorodibromoanilines and 
the two sdichlorobromoanilines, and studied their behaviour with 
chloroamino-derivatives. 

When molecular proportions of acetylchloroamino-2 ; 4-dichloro- 


* The azo-compound, although it crystallised well, was found, with this and with 


the other anilines investigated, to be a mixture of which the separation was im- 
practicable. 


3L2 


824 CHATTAWAY AND ORTON: THE REPLACEMENT OF 


benzene and one or other of the above anilines were mixed in chloro. 
form solution, it was at once noticeable that those anilines which 
possessed a bromine atom in the para-position gave off bromine at the 
ordinary temperature to a far greater extent than those in which 
bromine was in the ortho-positions only. Thus, 2-chloro-4:6-dibromo- 
aniline gave off a considerable quantity of bromine, whilst the isomeric 
4-chloro-2 : 6-dibromoaniline evolved very little. Further, whilst in 
the case of the latter aniline no dichlorobromo-derivative could be 
obtained, from the former a dichlorobromoaniline was isolated. The 
same holds for the two s-dichlorobromoanilines. From 2:6-dichloro- 
4-bromoaniline much bromine was evolved and_ s-trichloroaniline 
obtained, whilst little bromine was given off from 2: 4-dichloro-6- 
bromoaniline and sufficient s-trichloroaniline was not formed to allow 
us to isolate it. 

By means of the chloroamino-derivatives of the anilides (this vol., 
816), we have been able to prove that the chlorodibromoaniline 
obtained, from s-tribromoaniline has the chlorine atom in the para- 
position, and that 2-chloro-4 : 6-dibromoaniline yields 2 : 4-dichloro-6- 
bromoaniline. In both cases, it is the bromine atom in the para 
position which is chiefly replaced by chlorine. 

We have every reason to believe (this vol., 461) that in the reaction 
between acylchloroamino-derivatives and anilines there is first formed 
a chloroamino-derivative of the aniline, which then undergoes the . 
usual isomeric change, producing a para- or ortho-substituted aniline; 
the chlorine in this case exchanges positions with the hydrogen. In 
the case under consideration, instead of a replaceable hydrogen atom, 
there is a replaceable bromine atom, which is, however, much less 
mobile than the hydrogen. 

The above experiments, as well as all our observations on the trans- 
formation of acylchloroamino- and acylbromoamino-benzenes, clearly 
demonstrate the readiness with which the halogen attached to the 
nitrogen atom is transferred to the para-carbon atom of the benzene 
ring. Whatever the intermediate configurations (if any) through 
which a chloro- or bromo-amino-derivative passes during the isomeric 
change, it is certain that. those which lead to the formation of para 
compounds are assumed more readily than those which lead to the 
formation of ortho-compounds. 

For a considerable time it has appeared to us probable that an 
iminoquinone is the intermediate stage, and quite recently Bamberger 
(Ber., 1900, 33, 3600 ; 1901, 34, 61) has shown that in all probability 
an imino-y-quinol is an intermediate stage in the transformation 
of f-phenylhydroxylamine into p-aminophenol. On this view, the 
transformation of a halogen amino-derivative may be represen 
thus : 
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Of the p- and oquinone forms, which have alone been observed, 
the former seems to be the one which the benzene nucleus most readily 
takesup. The chloroamino-derivative, in assuming animinoquinone form, 
would then be more likely to change into a p-iminoquinone than into 
an @-aminoquinone, and consequently the para-atom would be prefer- 
entially replaced by chlorine. Various substituting groups attached 
to the benzene nucleus or different acyl groups attached to the nitrogen 
might be expected, on this view, to modify the proportion of o- and 
pierivatives formed ; this we have repeatedly shown to be the case. 

It is seen that, by the above method of representing the change, the 
formation of the o- and p-derivatives are not successive stages of the 
same process, but are initially different.* 

We have not so far isolated any substance which might be the in- 
termediate product or the derivative of an intermediate product, and 
must leave unanswered the question, How is the quinone form produced 
from the halogen amino-derivative. In the case of the phenylhydroxyl 
amines, Bamberger thinks that a decomposition of the hydroxylamine 
into the elements of water and a residue C,H,*N< precedes the forma- 
tion of the y-quinol. The observations of Hantzsch (loc. cit.) seem 
to show that the interchange of chlorine for bromine in bromobenzene- 
diazonium chlorides is an intramolecular change and that ionisatio 
of the salt does not facilitate but prevents it. 


EXPERIMENTAL. 


Reaction of Acetylchloroamino-2 : 4-dichlorobenzene with s-Tribromo- 
aniline and s-Trichlorobromoanilines. 


8-Iribromoaniline.—Equivalent quantities of acetylchloroamino- 
2:4-dichlorobenzene and s-tribromoaniline were mixed in dry chloro- 
form, and the solution was allowed to stand in a stoppered bottle. In 
the course of 12 hours it became deep red in colour, and smelt strongly 
of bromine, and 2: 4-dichloroacetanilide had crystallised out. After 


* We know of no instance of the transformation of an o-chloro- or o-bromo~ 
tuiline into a p-compound. 
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filtering off the crystals, the chloroform was evaporated. and the 
residue dissolved in petroleum in order to remove the remainder of 
the anilide, which is thus left undissolved. The petroleum was next 
evaporated, and the residue extracted with boiling alcohol. The azo- 
derivatives remain undissolved, whilst all the aniline and a colouring 
matter which we have not yet isolated in a pure state go into solu. 
tion. The aniline was obtained free from this colouring matter by 
distilling in steam. It represented about 20 per cent. of the s-tri- 
bromoaniline used, and melted at 97°. In order to prove its con- 
stitution, it was acetylated, and the anilide converted into the 
chloroamino-derivative, which melted at 110—111°. 


0:2273 gave 0°4116 AgCl+AgBr and 01555 Cl+Br. Cl=1199; 
Br=56'41, : 
O,H,NCIBr, requires Cl= 12°42 ; Br=56°03 per cent. 
0°2777 liberated I= 15-1 c.c. W/10 iodine. Cl as :-NCl=9°64. 
C,H,ONCI,Br, requires Cl as :NCl=9°8 per cent. 


Acetylchloroamino-2-chloro-4 : 6-dibromobenzene melts at 99—100°, 
whilst acetylchloroamino-4-chloro-2: 6-dibromobenzene melts at 
110—111°. The aniline obtained from s-tribromoaniline is then 
4-chloro-2 : 6-dibromoaniline.* 

4-Chloro-2 : 6-dibromoaniline was treated in exactly the same way 
with a nitrogen chloride. Very little bromine was evolved, and the 
small quantity of aniline isolated from the products of the reaction 
was chiefly unchanged 4-chloro-2 :6-dibromoaniline, Thus it melted at 
94° (pure 4-chloro-2 : 6-dibromoaniline melts at 97°), and the anilide 
yielded a chloroamino-derivative melting at 106°, and containing 
Cl as :NCl=10-2 per cent., whilst the pure chloroamino-derivative of 
this anilide melts at 110—111° and contains Cl as ‘NCl=9°8 per cent, 
Acetylchloroamino-2 : 4-dichloro-6-bromobenzene melts at 91—92°, and 
contains Cl as ‘-NCl= 11°17 per cent. 

A quantitative comparison of the amounts of bromine given off in 
the reaction of acetylchloroamino-2:4-dichlorobenzene with s-tribrome- 
aniline and 4-chloro-2 : 6-dibromoaniline respectively, showed very 
clearly the far greater liberation of bromine from the para-position 
than from the two ortho-positions, 

One gram of the nitrogen chloride (1 mol.) was mixed in chloroform 
solution with 1:5 grams of s-tribromoaniline (1:4 mols.). After stant 


* Using very carefully dried material, we have noticed, on one or two occasions, 
less liberation of bromine. On evaporating the solution, we once obtained 8 solid 
substance which decomposed rapidly with evolution of bromine. In every other 
ease, this decomposition took place during the evaporation of the chloroform. This 
substance did not appear to be a nitrogen chloride or nitrogen bromide, and may 
possibly have been the isomeric quinoneimine. 
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ing for 12 hours, the bromine was driven off by a current of dry 
carbon dioxide into a solution of potassium iodide. The iodine set 
free was equivalent to 13:5.¢.c. WV/10 iodine. In an exactly similar 
experiment, in which 4-chloro-2 : 6-dibromoaniline was used, bromine 
equivalent to 0°8 c.c. V/10 iodine only was evolved. 

2-Chloro-4 : 6-dibromoaniline reacted with the nitrogen chloride with 
marked evolution of bromine. The aniline which separated from the 
product proved to be chiefly 2 : 4-dichloro-6-bromoaniline. It melted 
at 81° (instead of at 83°), and the anilide gave a chloroamino-derivative 
which melted at 89° (instead of at 91—92°), and contained Cl as 
‘NCl=11°33 per cent. (instead of 11°17 per cent.). The isomeric 
2:6-dichloro-4-bromoaniline melts at 93°, and the chloroamino-deriva- 
tive of the anilide at 80°. 

Similar experiments were made with the two s-dichlorobromoanilines. 
With 2 : 4-dichloro-6-bromoaniline, very little bromine was evolved, 
and the aniline isolated was unchanged 2:4-dichloro-6-bromoaniline 
(m p. 83°). When 2:6-dichloro-4-bromoaniline was used, much 
bromine was evolved, and the aniline isolated from the product of the 
reaction yielded an anilide which melted at 206°. The chloroamino- 
derivative of the latter melted at 81°, and contained Cl as :NC1=12°6 
per cent. These data show that the base isolated was s-trichloro- 
aniline, which melts at 77°, whilst the anilide melts at 206°; 
acetylchloroamino-2 : 4: 6-trichlorobenzene melts at 80°, and contains 
Clas :NCl= 12-99 per cent.* 

Finally, when 2 : 6-dibromoaniline reacts with a nitrogen chloride, 
4chloro-2 :6-dibromoaniline is rapidly formed, no bromine being 
evolved. 2:4-Dibromoaniline similarly yields 2-chloro-4 : 6-dibromo- 
aniline, but a slight evolution of bromine takes place. As has already 
been mentioned (this vol., 461), when by the action of a nitrogen 
chloride on an aniline, chlorine replaces hydrogen, either in the 
para- or ortho-position, the reaction proceeds with considerable 
rapidity. The replacement of bromine by chlorine is a much slower 
process. Consequently, if a replaceable hydrogen is present (that is, 
ahydrogen atom in positions 2, 4, or 6), it is always preferentially 
replaced by the chlorine. Again, the slowness with which the 
replacement of bromine by chlorine takes place gives an opportunity for 
other reactions (azo-formation, &c.) to occur. The yield, therefore, of 
aniline containing more chlorine and less bromine is always small. 


CHEMICAL LABORATORY, 
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* The melting point was previously given by us as 74°, but this appears to be too 
low. The melting point of most carefully purified material is about 80°. 
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LXXXVIII.—Optically Active Nitrogen Compounds and 
their Bearing on the Valency of Nitrogen. 4- and 
l-a- Benzylphenylallylmethylammonium Salts. 


By Witiram Jackson Pope and AtrreD WILu1aM Harvey. 


Tue first rigid proof of the existence of enantiomorphously related 
isomerides of quaternary ammonium compounds was given (Pope and 
Peachey, Trans., 1899, '75, 1127) in the case of a-benzylphenylallyl- 
methylammonium salts, and since these compounds still afford the only 
unquestionable instance of the existence of asymmetric optically active 
nitrogen derivatives, it seetmed desirable to continue their study. 


Resolution of a-Benzylphenylallylmethylammonium Iodide. 


The method which we now use for the resolution of Wedekind’s 
externally compensated a-benzylphenylallylmethylammonium iodide 
differs somewhat from that originally given (Joc. cit.). The quaternary 
iodide is boiled with one molecular proportion of silver d-camphorsul- 
phonate in a nearly dry mixture of acetone and ethyl acetate until 
interaction is complete, the silver iodide is then separated and the 
solvent distilled off ; the residue, which is at first very gummy, only 
slowly becomes crystalline. It is convenient to allow the residue to 
become partly crystalline, and then to macerate it with anhydrous 
ethyl acetate and filter. The crystalline product consists almost wholly 
of d-benzylphenylallylmethylammonium d-camphorsulphonate, and the 
mother liquors and washings, on evaporation, yield a further quantity 
of the same salt ; ultimately, however, a syrupy residue containing 
L-benzylphenylallylmethylammonium d-camphorsulphonate is obtained, 
the further working up of which, by the method given by Pope and 
Peachey, offers considerable difficulties. It is convenient to dissolve 
the syrup in water, add to it the proper proportion of potassium iodide 
to precipitate all the base as the crystalline iodide, and, after drying 
this crude /-iodide, to digest it with one molecular proportion of silver 
Lcamphorsulphonate (Pope and Harvey, this vol., 80), repeating the 
whole process of crystallisation in the manner described. The major 
portion of the externally compensated iodide is thus ultimately 
obtained in the form of the enantiomorphously related salts, d-benzyl- 
phenylallylmethylammonium d-camphorsulphonate and /-benzylpheny!- 
allylmethylammonium /-camphorsulphonate. 
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d-Benzylphenylallylmethylammonium d-Camphorsulphonate, 
C,H,*CH,*N(C,H;)(O,H,)(CH;)-O-SO,°C,,H,,0. 


it The crude crystalline salt is readily purified by recrystallisation from 
ethyl acetate, and has the general properties previously described ; the 
carefully purified material melts at 171—173°, instead of at 169—170° 
as originally stated. In order definitely to establish the rotation con- 
stants, a highly purified sample of the salt was crystallised three times 
from ethyl acetate, and the rotatory powers of the three specimens, 
a, b, and c, determined in aqueous solution, with the following results : 


a. 02065 gram, made up to 25:0 c.c. with water at 14°, gave 
a) + 0°77° in a 2 dem. tube ; whence [a], +46°6° and [M], +218°6°. 
b. 0:2100 gram, made up to 25°1 c.c. with water at 14°, gave 
a) +0°78° in a 2 dem. tube ; whence [a], +46°6° and[M], +218°6°. 
c. 02116 gram, made up to 25:1 c.c. with water at 14°, gave 
ay +0°78° in a 2 dem. tube; whence [a], +46°2° and (M]p +217-0°. 


The practical identity of the numbers for the three fractions indi- 
cates the purity of the salt, which thus has the mean molecular rota- 
tory power [M], +218°1° in an aqueous solution containing one-fifth 
gram-molecule per litre ; accepting the value [M], +51°7° given by 
Pope and Peachey (Trans., 1899, '75, 1086) for the molecular rotatory 
power of the d-camphorsulphonic ion, that of the d-benzylphenylallyl- 
methylammonium ion is obtained as [M], +166°4°, a value which 
compares well with the original one of ‘ about 150°.’ 

The aqueous solution of this salt becomes turbid on warming, owing 
to. hydrolytic decomposition, but no change in rotatory power is 
observed on allowing the aqueous solution, prepared in the cold, to 
remain at the ordinary laboratory temperature for 10 days. 


|-Benzylphenylallylmethylammonium 1-Camphorsulphonate. 


The method of purification and the general properties of this salt, 
Which is now described for the first time, are similar to those of its 
énantiomorphously related isomeride; it melts at 171—173°. On 
crystallising a highly purified sample three times from ethyl acetate, 
however, and determining the rotatory powers of the three specimens, 
@, 6, and ¢, an appreciable difference was observed : 


a. 03009 gram, made up to 25°1 cc. with water at 16°, gave 
% —1:09° in a 2 dem. tube; whence [a], — 45°5° and [M], -213°2°. 
b. 03100 gram, made up to 25:1 c.c. with water at 16°, gave 
4 -1'10° in a2 dem. tube ; whence [a]p —44°5° and [M], —208°8°. 
¢. 03132 gram, made up to 25:1 c.c. with water at 17°, gave 
% -1'12° in a 2 dem. tube ; whence [a]p — 449° and [M], -210°5°. 
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Thus, in an aqueous solution containing one-fourth gram-molecule 
per litre, the mean molecular rotatory power of the salt is [MJ], —210-8°, 
a value which is not numerically identical, within the limits of experi- 
mental error, with that obtained for the enantiomorphously related 
isomeride. The difference is remarkable in view of the ease with 
which the two salts are purified and the fact that the rotatory powers 
are not sensibly changed by recrystallisation ; it cannot be attributed 
to admixture of the /-camphorsulphonate with its optical antipodes, 
because the sample of acid used was that which previously gave (this 
vol., 80) the molecular rotatory power [M]) —51°6° for the /-cam- 
phorsulphonic ion. The quantity of salt at our disposal was insufi- 
cient to permit of the further investigation of this anomaly. The 
molecular rotatory power of the /-benzylphenylallylmethylammonium 
ion deduced from these numbers is [M], — 159°. 


d-Benzylphenylallylmethylammonium Iodide, 
O,H,-CH,*N(O,H;)(CsH,)(CH,)I. 

Onadding anaqueous solution of one molecular proportion of potassium 
iodide to a cold aqueous solution of the pure d-benzylphenylallyl- 
methylammonium d-camphorsulphonate, a colourless, crystalline precipi- 
tate of d-benzylphenylallylmethylammonium iodide soon begins to 
separate ; it is purified by crystallising several times as rapidly as 
possible from boiling absolute alcohol, and then forms glistening, 
diamond-shaped plates which melt and decompose at 147°. The crys- 
tallisation from alcohol is best performed by gaslight, because if bright 
sunlight is allowed to fall on the cooling solution, decomposition takes 
place, and only a gummy mass is subsequently separable from the 
solution. In one case, in which a sample of iodide having the specific 
rotatory power [a], +52°3° in cold chloroform was crystallised from 
alcohol in sunlight, a small quantity of crystalline iodide was ulti- 
mately recovered, and this was found to have the specific rotatory 
power [a]) +43°6° in cold chloroform solution. Optical inversion, 
therefore, seems to accompany the decomposition induced by sunlight. 

This salt is so sparingly soluble in most media that Pope and 
Peachey did not find a single solvent in which the substance is sufi: 
ciently soluble, without decomposition, to allow of its rotatory power 
being determined ; the values which they obtained from solutions in 
mixture of acetone and methyl alcohol are, therefore, of no standard 
value. The salt dissolves freely and without undergoing decompo 
sition, however, in cold chloroform which has been very carefully 
purified and preserved in the dark, The following determinations 
were made with two successive crystallisations, @ and 6, from absr 
lute alcohol of a sample which had previously been several times 
similarly recrystallised : 
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a. 0:2648 gram, made up to 25:1 c.c. with cold chloroform at 17°, 
gave ay +1°17° in a 2 dem. tube; whence [a], +55°4°. 

6. 02520 gram, made up to 25:0 c.c. with cold chloroform at 17°, 
gave ay +1°11° in a 2 dem. tube ; whence [a], +55-0°. 

In a 1 per cent. solution in cold chloroform, the mean specific 
rotatory power is therefore [a], +55-2°. 


If the solution of the salt be hastened by heating in contact with 
chloroform, the rotatory power decreases very rapidly, and if the 
warming be continued for more than a few minutes, the solution 
becomes optically inactive. Further, the fresh chloroform solution, 
prepared and preserved in the cold, gradually loses its rotatory 
power; no appreciable loss in rotatory power occurs during the 
first hour, so that the above determinations may be taken as giving 
reliable values; the solutions, preserved at the ordinary winter 
laboratory temperature in the dark and in the absence of air, be- 
come quite inactive within three days. The change here involved 
is, however, very different from that which takes place in the hot 
alcoholic solution exposed to sunlight, for in that case decomposition 
of the salt occurs as the principal change, although accompanied by 
partial inversion of the part which escapes decomposition. That no 
appreciable decomposition takes place on preserving or warming the 
chloroform solutions is shown by the fact that, on evaporation to dry- 
ness, they yield a crystalline residue showing no trace of gumminess ; 
since this residue has the melting point and other properties of the 
externally compensated iodide, the action of the chloroform is wholly 
one of inversion. The optically active iodide, therefore, behaves 
towards solvents in at least the following three ways: 

a, When dissolved in cold chloroform, it gradually undergoes inver- 
sion, but without suffering any obvious decomposition, and as, in this 
case, no question of tautomerism can arise, such as we showed to be the 
probable cause of the inversion of tetrahydro-8-naphthylamine (this 
vol., 74), it is difficult to attribute this inversion to any cause but 
dissociation; as benzyl iodide is produced when the salt is decomposed 
by hydrolytic agents, the dissociation would naturally be represented 
by the following equation : 


C,H, CH,*N(C,H,)(O,H,)(OH,)I = N(O,H,)(O,;H,)"CH, + C,H,°CH,I. 


This is in accordance with Wedekind’s observation (Stereochemie des 
finfwerthigen Stickstoffes, Leipzig, 1899, 45), that a-benzylphenylallyl- 
methylammonium iodide can be prepared by the combination of allyl- 
methylaniline and benzyl iodide. 

6. The salt undergoes decomposition into allylmethylaniline and 


. benzyl iodide in hot aleoholic solution under the influence of sunlight ; 
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slight inversion accompanies the decomposition, that is to say, there 
is some tendency towards reversal of the decomposition. 

ce. The salt undergoes no appreciable dissociation or decomposition, 
as when rapidly crystallised from hot alcohol in absence of sunlight. 

The view has been advanced by Le Bel (Notice sur les travaux de M. 
Le Bel, Paris, 1897 ; Supplement, 1899), and supported by others, that, 
in substituted ammonium compounds, intramolecular vibration of the 
atomic groups attached to the nitrogen atom may lead to their inter- 
change and, consequently, to the inversion of an optically active 
ammonium derivative. This is supported by Le Bel’s statement that 
the feebly levorotatory isobutylpropylethylmethylammonium chloride 
undergoes inversion during conversion into sulphate, mercurichloride, 
aurichloride, or platinichloride, or by the action of hydrochloric acid. 
As the very scanty experimental data do not allow us to distinguish 
whether the occurrence of inactivity is due (1) to decomposition into 
tertiary base, (2) to dissociation, or (3) to permutation between the 
atomic groups, little reason exists for accepting Le Bel’s conclusion 
(Compt. rend., 1900, 180, 1552) that such inversions are caused by the 
mobility of light groups in the molecule. The work of Barlow (Proc. 
Roy. Dub. Soc., 1897, 8, 527) indicates clearly that the fact that 
simple substances, such as carbon tetrabromide, do not always crys- 
tallise in the cubic system, which was previously relied upon as a 
powerful argument in favour of Le Bel’s view, is really without 
bearing on the question. The velocity with which inversion occurs 
in an optically active ammonium compound is more reasonably 
correlated with the velocity of dissociation into tertiary base and 
alkyl salt than with great mobility of the groups attached to the 
nitrogen atom. 

Since information on this question might possibly accrue from experi- 
ments on the velocity of formation of the iodide in various solvents, 
10 grams of benzylmethylaniline were dissolved with the equiva- 
lent quantity of allyl iodide in (a) 50 grams of ether, (}) 50 
grams of absolute alcohol, and (c) 50 grams of carefully purified 
chloroform. After 48 hours at the ordinary laboratory temperature, 
solution a had deposited 1:8 grams of white, crystalline iodide, solution 
6, 12°6 grams of colourless iodide in crystals, some of which were 
5 millimetres long, whilst solution ¢ had naturally deposited no iodide, 
although practically complete interaction had occurred, as was shown 
when the chloroform solution was evaporated, the residue being crystal- 
line, and only very slightly gummy. Formation of the iodide takes place 
most rapidly in chloroform, somewhat less so in alcohol, and far more 
slowly in dry ether ; these experiments on the relative velocities of com- 
bination afford no information as to the velocity of dissociation, but 
merely support Menschutkin’s demonstration of the great influence, 
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exerted by solvents on the velocity of formation of quaternary ammon- 
jum compounds (Zeit. physikal. Chem., 1890, 6, 41; 1895, 16, 193). 
That Menschutkin’s quantitative experiments do not indicate a reversal 
of the combination scarcely affects the question, because similar determi- 
nations of the velocity of combination of ammonia with sulphuric acid 
would indicate no reversal unless made with an accuracy as yet im- 
possible ; but that such a reversal occurs is certain from the gradual 
loss of ammonia observed on boiling the solution. 

It should be noted that Wedekind’s iodide is most conveniently pre- 
pared in a state of purity by mixing the components in alcoholic 
solution, and leaving the mixture for several weeks; the salt then 
separates in large, colourless crystals, and is not contaminated with 
the dark oil produced when Wedekind’s original method of preparation 
is used, 


1-Benzylphenylallylmethylammonium Iodide. 


This substance was prepared from the corresponding -camphorsul- 
phonate in the same way as its enantiomorphously related isomeride. 
After several crystallisations from absolute alcohol, it melts at 147° 
with decomposition, and two successive crystallisations, @ and 6, gave 
the following rotatory power determinations : 


a. 02604 gram, made up to 25°1 c.c. with cold chloroform at 17°, 
gave ay —1°11° in a 2 dem. tube ; whence [a], —53°4°. 

6. 0°2511 gram, made up to 25:1 cc. with cold chloroform at 17°, 
gave ay —1-07° in a 2 dem. tube; whence [a], —53°4°. 


Since the specific rotatory power is not altered by recrystallisation, 
the value given above would seem to apply to the pure compound ; it 
isnoteworthy, however, that just as the purest sample of /-benzylphenyl- 
allylmethylammonium J/-camphorsulphonate has a lower specific 
rotatory power than its enantiomorphously related isomeride, so the 
Liodide gives a lower value than the d-iodide.’ This, too, in spite of 
the fact that the active iodides are far less soluble than the externally 
compensated substance. 

LBenzylphenylallylmethylammonium iodide undergoes and resists 
inversion under exactly the same conditions as its d-isomeride. 


d-Benzylphenylallylmethylammonium Bromide. 


d-Benzylphenylallylmethylammonium bromide was prepared from 
carefully purified d-camphorsulphonate as described by Pope and 
Peachey (Joc. cit., 1130), and by repeated crystallisations of the sub- 
stance from absolute alcohol the melting point was raised to 165—167°. 
The quantity of material available was insufficient to allow of suc- 
cessive crystallisations being examined, but the following determination 
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of optical activity was made with salt which had been several times 
recrystallised from alcohol : 


0°1237 gram, made up to 25:0 cc. with cold chloroform at 165°, 
gave ap +0°635° in a 2 dem. tube ; whence [a], + 641°. 


1-Benzylphenylallylmethylammonium Bromide. 


This salt, after recrystallisation from absolute alcohol, melts at 
166—168° and a solution of 0°1466 gram, made up to 25:1 e,¢, 
with cold chloroform at 17°, gave ap — 0°76° in a 2 dem. tube ; whenes 
|a]p —65°0°. The result of this determination is numerically identi- 
cal within the limits of experimental error with that obtained for the 
enantiomorphously related.salt. 

On keeping the cold chloroform solutions of the d- and /-bromides, 
inversion occurs in just the same way as with the iodides; the in. 
version, however, takes place rather more slowly in the case of the 
bromides, requiring six days for its completion at the ordinary 
laboratory temperature in the dark. 


Crystalline Form of the a-, |-, and i-a-Benzylphenylallylmethylammonium 
Bromides. 


The optically active bromides crystallise from aqueous solution 
in lustrous prisms very closely resembling the crystals of the ex- 
ternally- compensated substance measured by Fock (Ber., 1899, 32, 
3561). As predominant forms they exhibit m{110}, {120}, and 
r{101}, whilst the pinacoids a{100} and 6{010} are small and not 
always present. The forms s{201} and o{121} are very rarely 
observed, and the faces of 0{121}, when present, are observed asthe 
two enantiomorphously related sphenoids 0+x{121} and o-x{12l}, 
the former being exhibited by crystals of the d-bromide (Fig. 1) and 


Fie. 1. Fia. 2. 


ee 


the latter by those of the J-bromide (Fig. 2) only. It is thus proved 
that the two substances crystallise in enantiomorphously related forms, 
and it is hence concluded that Pasteur’s law applies, not only # 
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optically active substances containing an asymmetric carbon atom, 
but also to substances which owe optical activity to the presence of 
an asymmetric nitrogen atom. 


Crystalline system.—Orthorhombic : Sphenoidal Hemihedrism, 
a:b:¢=0°8844 ; 1 :0°6562. 


Forms observed on d-bromide,—a{100}, 5{010}, m{110}, {120}, 
r{101}, s{201}, o+«{121}. 


Forms observed on /bromide.—a{100}, {010}, m{110}, m{120}, 
r{101}, s{201}, o — «{121}. 


The following angular measurements were obtained : 


Number of Limits. Mean. | Calculated. 


Angle. observations. 


:101 26 72°49’— 73°24’ 73° 9’ _ 
: 201 19 6— 19 39 19 24 19°27’ 
7101 53 16 — 53 42 53 29 53 25 
:201 33 31— 34 2 33 47 35 58 
120 2918 — 29 46 29 29 _ 

: 120 18 49 — 19 30 19 11 19 2 
:110 82 41 — 8315 83 4 82 59 
7110 41 0— 41 56 41 24 41 29 
2101 63 4— 63 39 63 20 63 29 
: 201 51 27— 52 2 51 44 51 36 
2121 438 8— 43 57 43 30 43 30 
2121 46 4— 46 42 46 28 46 30 
:121 ' 37 34 — 38 25 37 55 88 2 
2121 | 112 30 —113 26 112 59 112 53 
3121 | 32 49 — 33 57 83°24 33 33 


The measurements given above for the active bromides are, within 
the limits of experimental error, identical with those obtained by 
Fock (Joc. cit.) from crystals of the externally compensated salt, 
This is evident from the following table, which gives the correspond- 
ing numerical values obtained by Fock and by us. A slight differ 
ence is observed in that Fock’s crystals showed a smaller number of 


d-andi-. P. and H. Inactive. Fock. 


@:b:¢ 0°8844 : 1: 0°6562 0°8889: 1: 0°6585 
mm =110 : 110 82°59’ 83°16’ 
tr =101:101 73 9 73 4 
bn =010:120 29 29 29 23 
rm =101:110 63 29 68 33 
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forms than do those of the active substances ; this is perhaps due to 
the greater solubility of the externally compensated substance. The 
optical properties as given by Fock are also confirmed by observations 
made on our own crystals. It follows that the inactive salt is nota 
racemic compound but is either pseudoracemic (Kipping and Pope, 
Trans., 1897, '71, 989) or a mere mechanical mixture of the two com. 
ponent salts. This, as has been previously pointed out, is also true 
for the corresponding iodides (Pope and Peachey, Trans., 1899, 75, 
1129). 


Inactive Benzylphenylallylmethylammonium Nitrate, 
C,H;"CH,*N(C,H;)(CsH,)(CH;)-NO,. 


On treating the hot alcoholic solution of the externally compensated 
iodide with one molecular proportion of silver nitrate dissolved in the 
minimum quantity of water, filtering from silver iodide, and evaporat- 
ing to dryness, a crystalline residue is obtained which may be purified 
by crystallisation from boiling moist acetone. It forms colourless, 
microscopic needles melting at 153—154° with decomposition and is 
very soluble in alcohol or water. 


0°1634 gave 0°4059 CO, and 0°1037 H,O. C=67°75 ; H=7°05. 
©,,H,,0,N, requires C = 67°94 ; H=6°69 per cent. 


d-Benzylphenylallylmethylammonium nitrate, 
O,H,*CH,"N(C,H,)(CsH,)(CH;)-NO,. 


It seemed desirable to prepare from the active haloid salts a salt 
soluble in water which should contain no asymmetric carbon atom, in 
order that a direct determination of the rotatory power of the basic 
ion might be made for the confirmation or otherwise of the value 
deduced from the examination of the d-camphorsulphonate. The 
nitrate was therefore prepared by boiling equivalent proportions of 
d-benzylphenylallylmethylammonium iodide and finely powdered silver 
nitrate in a mixture of alcohol and acetone until reaction was com- 
plete. After filtration and evaporation to dryness, the crystalline 
residue was dissolved in a little dry acetone and dry ether added to 
the warm solution ; on strongly cooling, d-benzylphenylallylmethy!- 
ammonium nitrate separated in colourless, microscopic needles and was 
further purified by several repetitions of the eame process, The salt 
seems much more soluble than the externally compensated isomeride, 
and melts at 164—165°. 


0°1592 gave 0°3958 CO, and 0:1000 H,O. C=67°81; H=6'98. 
C,,H,,0,N, requires C= 67°94 ; H=6°69 per cent. 


The following rotatory power determinations were made with two 


&. 
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successive crystallisations, a and 0b, of material which had already 
been several times recrystallised. 


(a). 0°1956 gram, made up to 25'1 c.c. with cold water at 11°5°, 
gave a, +0°86° ina 2 dem. tube; whence [a], +55°2° and (M]p 
+165°4°. 

(b). 0°3217 gram, made up to 25:1 c.c. with cold water at 14°, gave 
ay + 1°41° in a 2 dem. tube ; whence [a], +55°0° and [M], +165-0°. 

The mean value for the molecular rotatory power of the basic ion is 
thus [M], +165-2°, a value which compares well with that deduced 
from the examination of the d-camphorsulphonate, namely, [M]p 
+166°5°. 
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The fact that asymmetrically substituted ammonium salts exhibit 
optical activity, more especially when taken in conjunction with the 
tetrahedral configuration of sulphonium compounds (Pope and Peachey, 
Trans. 1900, ‘77, 1072), proves conclusively the incorrectness of 
Kekulé’s view that ammonium salts are mere molecular compounds in 
which the two constituent parts preserve their individual molecular 
existence ; such ammonium salts owe their occurrence to the operation 
of the ordinary valency laws, and nitrogen is either ter- or quinque- 
valent according to its state of combination. This being clearly true, 
it becomes interesting to inquire whether, in substances like the sub- 
stituted ammonium platinichlorides or mercuriodides, the nitrogen 
assumes a higher valency than five ; this question must be considered 
partly in the light of the simpler stereo-relations holding amongst 
sulphur compounds. It is customary to suppose that in simple mole- 
cules containing bivalent sulphur, such as that of hydrogen sulphide, 
the three component atoms lie along a straight line, and this view 
derives support from the absence of evidence that any isomerism of a 
syn- and anti- nature occurs amongst organic sulphides or related sub- 
stances, But since the asymmetric quadrivalent sulphur atom gives 
rise to enantiomorphism, it is hardly possible that any two of the 
valency directions of quadrivalent sulphur lie in a straight line; 
during the transition from bi- to quadri-valence, a change in, or redis- 
tribution of, the valency directions has thus apparently taken place, 
A new principle may therefore be stated as probably true—that when 
an element changes in valency the original valency directions may 
also change; the necessity for this is not obviated by aid of the 
speculations of Wunderlich concerning the composite nature of sulphur 
and nitrogen atoms (Configuration organischer Molekule, Wurzburg, 
1886), because the validity of these is already disproved by the dis- 
covery of enantiomorphism amongst sulphonium and ammonium 
derivatives, The introduction of this new factor invalidates the con- 
clusions drawn by Hantzsch, Behrend, and others, from their inability 
VOL, LXXIX, 3M 
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to resolve tertiary bases into optically active components by crystal. 
lising their salts with active acids, that the three nitrogen valencies 
in amines lie in a plane, and also explains the well-known fact that a 
bivalent sulphur atom in a closed ring cannot combine with an alkyl 
iodide and become quadrivalent.* Further, it would seem that if the 
valency of sulphur or of nitrogen changes during formation of a 
platinichloride or mercuriodide from an optically active sulphonium or 
ammonium salt, inversion would very probably accompany the change, 
Suppose, for instance, that the tetrahedrally environed quadrivalent 
sulphur atom in an optically active sulphonium compound becomes 
sexavalent by addition of mercuric iodide, and that, in the mercur- 
iodide, the six groups attached to the sulphur atom are situated at the 
apices of an octahedron, the four groups originally contained in the 
sulphonium compound then necessarily lie in a plane with the sulphur 
atom, and if they attain that position before the elements of mercuric 
iodide become finally attached, the enantiomorphism disappears. Not 
only should this result from the deflection of the valency directions 
which, by their original positions, determined the optical activity, but 
inversion would probably be expected to accompany the intramolecular 
turmoil attending the change of valency. When, therefore, it is 
proved, as is done below, that no trace of inversion attends the 
formation of d-benzylphenylallylmethylammonium mercuriodide, the 
view that such substance contains septavalent nitrogen is rendered 
highly improbable. 

The following compounds were made for the purpose of testing 
these points. 


d-Benzylphenylallylmethylammonium Platinichloride, 
20,H,* CH,*N(O,H,)(C,H,)(CH,)C1,PtCl,. 


This salt separates as a light yellow, microcrystalline powder on add- 
ing hydrochloric acid and platinic chloride successively to an‘ aqueous 
solution of d-benzylphenylallylmethylammonium d-camphorsulphonate ; 
it is insoluble in all the ordinary solvents, and its rotatory power could 
consequently not be ascertained.t After well washing with water and 
drying, it biackens at 155° and melts at 165°; according to Wedekind 
(loc. cit., 51), the corresponding inactive salt melts at 162—163°. The 
active salt was found to contain 22°4 per cent. of Pt, instead of the 
calculated 22°1 per cent. 

* We have ourselves been quite unable to induce any interaction between 
8-methylthiophen and bromoacetic acid, phenacyl bromide, methyl iodide, or allyl 
iodide. 

+ We have observed that many substances, such as platinichlorides, which ar 
ordinarily sparingly soluble, dissolve freely in epichlorhydrin ; this particular salt, 
however, is not soluble in this medium. 
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d-Benzylphenylallylmethylammonium Mercuriodide, 
O,H,° CH,"N(O,H,)(C,H,)(CH,)I,Hgl,. 


On heating a mixture of d-benzylphenylallylmethylammonium iodide 
and mercuric iodide, in molecular proportion, with ethyl acetate, it 
quickly dissolves and, on cooling, the mercuriodide is deposited as 
sulphur-yellow, crystalline scales. After several recrystallisations from 
hot ethyl acetate, it melts constantly at 125—126°, whilst the corre- 
sponding inactive salt, similarly prepared and possessing very similar 
properties, melts at 118—120°. The active salt is sparingly soluble in 
most organic solvents, and is converted into a pasty, yellow mass by 
water. The following rotatory power determinations were made with 
two successive crystallisations, a and b, from ethyl acetate, of a sample 
which had already been several times recrystallised : 


(a). 0°1956 gram, made up to 25:0 c.c. with ethyl acetate at 14°, gave 
ay +0°38° in a 2 dem. tube; whence [a], +24°3°. 

(6). 02028 gram, made up to 25-0 c.c. with ethyl acetate at 18°5°, gave 
ay +0°40° in a 2 dem. tube; whence [a], + 24°6°. 


The substance thus has the mean specific rotatory power [a]p + 24°4° 
in ethyl acetate solution, and on calculating the value on the d-benzyl- 
phenylallylmethylammonium iodide which it contains, the value [a ]p 
+54:7° is obtained ; the latter number corresponds very closely with 
the specific rotatory power of the iodide in chloroform solution. The 
iodide is too sparingly soluble in ethyl acetate to allow of rotatory 
power determinations being made, and the same is true of the mercur- 
iodide in chloroform. The mercuriodide is difficult to analyse, but the 
following rotatory power determination proves its composition, and at 
the same time shows that no trace of inversion attends the conversion 
of the d-iodide into the d-mercuriodide. 

00912 gram of d-iodide of [a], +55°2°, and 0°1135 gram of mer- 
curic iodide, made up to 25-0 c.c. with ethyl acetate at 15°, gave ap + 
0-40° in a 2 dem. tube; whence the value [a], +54°8° for the d-iodide 
and the value [a], +24°4° for the mercuriodide, supposing the latter 
to consist of the above equivalent weights of d-iodide and mercuric 
iodide. 1f, in the preparation of the mercuriodide, less than a molecular 
Proportion of the d-iodide is used, a yellow mass remains insoluble in 
the ethyl acetate, whilst if a slight excess of mercuric iodide is used, 
this salt remains undissolved. 


1-Benzylphenylallylmethylammonium Mercuriodide, 
C,H,-CH,*N(O,H,)(C,H,)(CH,)1,Hgl,. 


This salt, prepared in the same way as the preceding one, also 
crystallises in yellow scales melting at 125—126° ; the following deter- 
3M 2 
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minations were made with two successive crystallisations, a and }, of a 
carefully purified sample : 


(a). 0°2017 gram, made up to 25:0 ¢.c. with ethyl acetate at 145°, 
gave a, —0°38° in a 2 dem. tube; whence [a]p — 23°5°. 

(6). 0°2020 gram, made up to 25:0 c.c. with ethyl acetate at 145°, 
gave ap —0°37° in a 2 dem. tube; whence [a]p — 22°9°. 


The result is thus obtained that, during the formation of a mereur. 
iodide from d- or /-benzylphenylallylmethylammonium iodide, the optical 
activity persists, and this fact, if the principle previously laid down 
concerning the ‘change of valency direction accompanying change of 
valency be accepted, lends a high measure of probability to the view 
that, in compounds of the type of an ammonium mercuriodide, the 
nitrogen is still quinquevalent. This conclusion is of importance, 
because the sulphonium iodides yield mercuriodides so similar to the 
ammonium mercuriodides that any argument concerning the one should 
be directly applicable to the other class of compounds ; Smiles has 
argued (Trans., 1900, '7'7, 160) that the sulphonium mercuriodides 
contain sexavalent sulphur, following in this Dobbin and Masson 
(Trans., 1885, 47, 56), who suggested the possible hexadic nature of 
the sulphur in sulphonium trihalogen compounds, and, as a sequence, 
that the ammonium dichloroiodide discovered by Tilden (Trans., 1866, 
19, 145) may contain septavalent nitrogen. The facts now brought 
forward must be considered as rendering highly improbable the supposi- 
‘tion that, in the compounds mentioned, sulphur and nitrogen exist as 
hexadic and heptadic elements respectively. 


The optically active quaternary ammonium derivatives share with 
the optically active tin and sulphur compounds a constitutional pecv- 
liarity of considerable interest ; they are all salt-like substances in 
which the acidic part of the molecule is ‘immediately connected with 
the asymmetric atom. They are thus electrolytes, and if it be sup 
posed that they undergo electrolytic dissociation in aqueous solution, 
the ionic scission must take place between the acidic group and the 
asymmetric atom ; the basic ion will thus consist of a nitrogen atom 
attached to four atomic groups, but having one bond free. Applying 
this to the asymmetric sulphur and tin compounds also, the following 
ions exhibit optical activity : 


-~S—C,H Bea. 


2°" 5 
\ou,'00,H 3H; 


In these ions, tin and sulphur atoms attached to only three, and a 
nitrogen atom attached to only four, atomic groups exhibit optical 
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activity. The abnormal condition of an asymmetric atom of which 
one bond is free seems to be accompanied by no particularly marked 
tendency towards optical inversion. In these facts should be found 
the basis of an experimental method of directly verifying the truth of 
our current views concerning the nature of ions; these views, being 
derived from the consideration of facts somewhat remotely connected 
with the prime cause, are at present without an absolutely fundamental 
experimental basis, 


Our thanks are due to the Research Fund Committee of the 
Chemical Society for grants defraying the cost of materials used in this 
investigation. 
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LXXXIX.—Hydroxyoxamides. 


By Rosert Howson Picxarp, D.Sc., Ph.D., and WILLIAM CaRTER. 


Rorermund (Annalen, 1875, 1'75, 313) showed that an aqueous solution 
of the potassium salt of dibenzhydroxamic acid evolves carbon dioxide 
and yields s-diphenylearbamide and potassium benzoate. Thiele and 
one of us subsequently (Annalen, 1899, 309, 189) have shown that, 
in general, the salts of acylhydroxamic acids easily decompose, forming 
carbimides, which, in presence of water, yield carbon dioxide and a 
s-disubstituted carbamide ; in presence of an alcohol, the corresponding 
carbamate; and in presence of ammonia, a monosubstituted carb- 
amide, thus, for example : 


0,H,-NCO + HOEt = 0,H,-NH-CO,Et. 


Since it is not necessary to isolate the carbimides formed in the course 
of these reactions in order to obtain the carbamides, &c., this method 
appeared a suitable one for preparing from monohydroxyoxamides the 
monosubstituted biurets and allophanates, of which up to the present 
only the phenyl derivatives are known. 

Monohydroxyoxamides, R-NH:CO:CO-NH-OH, are quantitatively 
obtained by the hydrolysis of ethyl oxamates, RY-NH-CO:CO,Et, with 
an anhydrous alcoholic solution of hydroxylamine ; they have all the 
characteristics of hydroxamic acids, giving cherry-red colorations 
With ferric chloride, and forming insoluble, grass-green, copper salts ; 
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they easily form acetyl derivatives, RNH-CO-C(OH):NOAc, which 
are well defined, crystalline substances, do not give the characteristic 
reactions of hydroxamic acids, are, however, acid in reaction, and form 
well-defined, crystalline salts. 
The salts of acetylhydroxyoxamides decompose in presence of water, 
yielding compounds of the type of carbonyldicarbamide, 
CO(NH:CO-NH,), ; 
when boiled with water containing a little ammonia, they decompose, 
often with great violence, giving quantitative yields of monosubstituted 
biurets, R-NH-CO-NH-CO-:NH,. Similarly, when these salts are 
boiled with ethyl alcohol, the corresponding allophanate, 
R:NH:CO-NH:C0,Et, 
is obtained. 
Hydroxyoxamide. 


Hydroxyoxamide, NH,*CO-CO*NH-OH, has been prepared by Schiff 
and -Monsacchi (Annalen, 1895, 288, 290). The yield is quanti- 
tative, if the oxamethane is hydrolysed with an anhydrous alcoholic * 
solution of hydroxylamine. The acetyl derivative (Joc. cit.) gives an 
acid reaction with litmus, but is so very slightly soluble in water or 
alcohol that the preparation of any salts was impossible. When the 
acetyl derivative is warmed with the calculated quantity of sodium 
carbonate solution, if dissolves, and a very violent reaction starts, 
When this is over, small crystals of carbonyldicarbamide (Schmidt, 
J. pr. Chem., 1872, [ii], 5, 39) are deposited. This was identified by its 
solubilities, and by the fact that, when warmed with potash, “it yielded 
ammonia and cyanuric acid. 

A quantitative yield of ‘biuret is obtained when acetylhydroxy- 
oxamide is boiled with a dilute solution of ammonia, The acetyl 
compound dissolves, a very vigorous reaction ensues, and on cooling 
the solution deposits long, acicular crystals of biuret. This was ider- 
tified by its melting point, the reaction with copper sulphate and 
potassium hydroxide, and the following analysis: 


0°1059 gave 31-6 c.c. moist nitrogen at 14° and 756 mm. N =34'92. 
C,H,0,.N,,H,O requires N =34°71 per cent. 


Phenylhydroxyoxamide. 
Phenylhydroxyoxamide (Schiff and Monsacchi, Joc. cit.) is obtained 
quantitatively by the hydrolysis of ethyl oxanilate with an anhydrous 


alcoholic solution of hydroxylamine. The acetyl derivative is acid in 
properties and slightly soluble in alcohol. When the calculated 


* Commercia] methylated spirit distilled first over lime and then over caleiam 
arbide was used. 
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quantity of sodium dissolved in anhydrous alcohol is added to an’ 
anhydrous alcoholic solution of the acetyl compound, the sodiwm salt 
js precipitated as a colourless, gelatinous mass; this explodes when 
heated, and is soluble in water, giving an alkaline solution. 


. 04705 gave 0°1423 Na,SO,. Na=9:79. 
C,,H,0O,N,Na requires Na = 9°42 per cent. 
Carbonyldiphenylcarbamide, CO(NH:CO:NH°O,H,)., is precipitated 
when an aqueous solution of the sodium salt of phenylacetylhydroxy- 


oxamide is warmed on a water-bath for half an hour. It ecrystallises 
from alcohol in large, prismatic needles which melt at 140°. 


0:2080 gave 0°4592 CO, and 0:0900 H,O. C=60:20; H=4-80. 
0'1612 gave 26°6 c.c. moist nitrogen at 17° and 754 mm. N=18-99 
C,;H,,0,N, requires C= 60°40; H=4:69; N=18-79 per cent. 


It is slightly soluble in hot water, and when boiled with hydro- 
chloric acid yields carbon dioxide, ammonium chloride, and aniline 
hydrochloride. Monophenylbiwret, C,H,-NH*CO-NH-CO'NH,, is pre- 
cipitated when a solution of phenylacetylhydroxyoxamide in dilute 
ammonia is warmed. It crystallises from water in slender needles 
which melt and decompose at 150°; when crystallised from chloroform, 
it melts at 154° and decomposes at 156°. 


0:1310 gave 02570 CO, and 0:0628 H,O. C=53°50; H=5-32, 
01256 ,, 25°6 c.c. moist nitrogen at 13° and 733 mm. N=23-20. 
0,H,O,N, requires C=53°63; H=5°02; N = 23°46 per cent. 
When heated with aniline, monophenylbiuret yields ammonia and 
s-diphenylbiuret (m. p. 210°), so that it appears to be identical with 
the product obtained by Weith (Ber., 1877, 10, 1744) by the action of 
phosphorus trichloride on phenylearbamide. 


p-Tolylhydroxyoxamide. 


p-Tolylhydroxyouamide, CH,*C,H,*NH:CO-CO-NH-OH, is obtained 
in the form of an amorphous hydroxylamine salt, when ethyl p-tolyl- 
oxamate (1 mol.) dissolved in anhydrous alcohol is hydrolysed with an 
anhydrous alcoholic solution of hydroxylamine (2 mols.). The 
hydroxyoxamide is obtained by boiling the hydroxylamine salt with 
dilute acetic acid. It crystallises from acetic acid in clusters of 
beautiful, slender needles or in laminew with a pearly lustre, and melts 
and decomposes at 155°. 


01788 gave 22°8 c.c. moist nitrogen at 17° and 742mm. N=14-44. 
C,H,,0,N, requires N = 14°43 per cent. 
It gives the coloration with ferric chloride characteristic of 
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hydroxamic acids, and when boiled with its own weight of a mixture 
of equal parts of acetic anhydride and glacial acetic acid yields 
p-Tolylacetylhydroxyoxamide, CH,°C,H,"CO-C(OH):NO-CO-CH,, 
which crystallises from acetic acid in shining lamine melting and 
decomposing at 178°. 
0°1483 gave 154 c.c. moist nitrogen at 17° and 752mm. N-=11-92, 
C,,H,,0,N, requires N = 11°86 per cent. 


It is moderately soluble in hot alcohol, and when neutralised with 
alcoholic solutions of ammonia and sodium ethoxide forms well- 
defined salts. The ammonium salt crystallises in lustrous laming 
which decompose at 137:5°. The sodium salt is a microcrystalline 
powder ; this dissolves easily in water, and the solution, when boiled, 
deposits 

Carbonyldi-p-tolylcarbamide, CO(NH-CO-NH°C,H,°CH,),, which 
crystallises from dilute alcohol in prismatic needles melting at 170°. 


0°1300 gave 19°6 c.c. moist nitrogen at 17° and 746mm. N=17'16, 
C,,H,,0,N, requires N= 17-17 per cent. 


The sodium salt of p-tolylacetylhydroxyoxamide dissolves in absolute 
ethyl alcohol after boiling for some hours, and the solution then con- 
tains sodium acetate and 

Ethyl p-tolylallophanate, CH,*C,H,-NH°CO:NH°CO,:C,H,, which is 
obtained by extracting with ether the residue left after evaporation of 
the alcohol. It crystallises in long, white, acicular needles and melts 
at 145°. 


0°1641 gave 18°3 c.c. moist nitrogen at 17°and 760 mm. N=12°94. 
C,,H,,0,N, requires N = 12°61 per cent. 


When heated at 100° for six hours in a sealed tube with concen- 
trated aqueous ammonia, it is converted into = 

p-Tolylbiuret, CH,°C,H,-NH:CO-NH:°CO-NH,, which is, however, 
best prepared by boiling a solution of the ammonium salt of p-tolyl- 
acetylhydroxyoxamide in dilute aqueous ammonia, It crystallises in 
needles from dilute ammonia or alcohol and melts and decomposes 
at 194°, 


0°1241 gave 23 c.c. moist nitrogen at 17° and 760 mm. N=21°50, 
C,H,,0,N, requires N = 21-76 per cent. 


It is insoluble in ether, and does not give the biuret reaction. 


a-Naphthylhydroxyoxamide. 


a-Naphthylhydroxyoxamide, C,,H,-NH*CO-CO-NH-OH, is obtained 
in an analogous manner to the p-tolyl compound by the hydrolysis of 
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ethyl a-naphthyloxamate with hydroxylamine. The hydroxylamine 
salt melts and decomposes at 152°, and when boiled with dilute acetic 
acid is converted into the hydroxyoxamide. This crystallises from 
acetic acid in needles which melt at 172°. 


01071 gave 114c.c. moist nitrogen at 16° and 745°5 mm. N =12°16. 
C,.H,,0,N. requires N = 12°17 per cent. 


It gives the coloration with ferric chleride characteristic of hydr- 
oxamic acids, is slightly soluble in most organic solvents, and when 
boiled with acetic anhydride and glacial acetic acid yields 

a-Naphthylacetylhydroxyoxamide, C,,H,*NH-CO-C(OH):NO:CO:CH,, 
which crystallises in clusters of felted and silky needles and melts and 
decomposes at 170°. 


01478 gave 12°9 c.c. moist nitrogen at 16° and 746 mm. N=9-98. 
C,,H,,0,N, requires N = 10°25 per cent. 


The sodium salt is deposited in lustrous lamin, when an alcoholic 
solution is neutralised with sodium ethoxide. The ammonium salt 
erystallises from anhydrous alcohol in needles which melt and decom- 
pose at 140—141°. 

Carbonyldt-a-naphthylearbamide, CO(NH*CO:NH°C,,H,),, is precipi- 
tated when an aqueous solution of the sodium salt of a-naphthylacetyl- 
hydroxyoxamide is boiled. It crystallises from dilute alcohol in 
rosettes of lustrous needles, melts at 202—203°, then solidifies, and is 
still solid at 290°. 


* 0:1795 gave 22-4 c.c. moist nitrogen at 16° and 746 mm. N=14-27. 
C.,H,,0,N, requires N = 14-07 per cent. 


Ethyl a-naphthylallophanate, C,,H,-NH-CO:NH-CO,°O,H;,, is ob- 
tained in an analogous manner to the tolylallophanate. It crystallises 


from ether, light petroleum, or benzene in long, prismatic needles and 
melts at 170—170°5°. a4 


0'1407 gave 13:2 c.c. moist nitrogen at 18° and 752 mm. N=10°72. 
C,,H,,0,N, requires N = 10°85 per cent. 
When heated in a sealed tube at 100° for 6 hours with concentrated 
aqueous ammonia, it is converted into 
a-Naphthylbiuret, C,,H,"-NH-CO:NH:CO:-NH,, which is also readily 
obtained by boiling an aqueous solution of the ammonium salt of 
a-naphthylacetylhydroxyoxamide with a solution. of ammonium car- 


bonate. It crystallises from alcohol in small needles which melt at 
210—211°, 


0'1119 gave 17-7 c.c. moist nitrogen at 16° and 746 mm, N=18-09, 
C,,H,,0,N, requires N = 18°34 per cent, 


846 PICKARD AND CARTER: HYDROXYOXAMIDES, 


It is slightly soluble in water and ether, but does not give the 
biuret reaction. ! 


B-Naphthylhydroxyoxamide. 
8-Naphthylhydroayoxamide, C,,H,*NH*CO:CO:NH:OH, is easily 
obtained by the hydrolysis of ethyl B-naphthyloxamate* with hydroxyl- 
amine. It crystallises from dilute acetic acid, and melts and decom- 
poses at 174°. 


0°1858 gave 20 c.c. moist nitrogen at 17° and 740 mm. N=12°15, 
C,,H,,0,N, requires N =12°17 per cent. 


The acetyl derivative crystallises from acetic acid in needles, and 
melts and decomposes at 172°. 


0°2079 gave 18°6 c.c. moist nitrogen at 15° and 740 mm. N=10'19. 
C,,H,,0,N, requires N = 10°25 per cent. 


The ammonium salt crystallises in lustrous laminz, and melts and 
decomposes at 140°. The sodiwm salt was obtained as a micro- 
crystalline powder. 

The following compounds were obtained by methods analogous to 
those used for preparing the a-naphthyl compounds. 

Carbonyldi-B-naphthylcarbamide, CO(NH:CO-NH-C,,H,),, crystal- 
lises from dilute alcohol in needles which soften at 213° and decom- 
pose at about 290°. 


0°1014 gave 12:4 c.c. moist nitrogen at 19°5° and 760 mm. N=1402. 
C.,H,,0,N, requires N = 14-07 per cent. 
Ethyl B-naphthylallophanate, C,)H,*NH-CO-NH:CO,0,H,, crystal- 
lises from alcohol in prismatic needles and melts at 140°. 
0°1579 gave 15°3 c.c. moist nitrogen at 19° and 756 mm. N=1108, 
C,,H,,0,N, requires N= 10°85 per cent. 
B-Naphthylbiuret, C,,H,*"NH-CO-NH-CO-NH,, crystallises from 
alcohol in small prisms which melt and decompose at 203°. 


0°1301 gave 20°4 c.c. moist nitrogen at 14° and 742 mm. N=18°09. 
C,,.H,,0,N, requires N = 18°34 per cent. 


s-Dihydroxyoxamide, OH*NH-CO-CO-NH:OH (oxaldihydroxamic _ 
acid), has been prepared by Hantzsch (Ber., 1894, 27, 801), who has 


* No descriptions of ethyl 8-naphthyloxamate and s-di-B-naphthylocamide are to 
be found in the literature. These substances are easily prepared by heating calet- 
lated quantities of 8-naphthylamine and ethyl oxalate and are easily se 
since the oxamide is practically insoluble in alcohol. The oxamide crystallises from 
toluene in silky needles and melts at 274—275°. The oxamate crystallises 1 
needles from alcohol and melts at 121°. 
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also described a tetracetate (m. p. 141°). This acetate, however, 
appears to be a diacetate of the formula [C(OH):NOAc],, since deter- 
minations of its molecular weight in acetic acid solution, by the 
freezing point method, gave 202 and 210 (the diacetate would have 
a molecular weight 204 and the tetracetate 312). Further, this 
diacetate has a slightly acid reaction and dissolves in a solution of 
sodium carbonate; the resulting solution, after warming, contains 
small quantities of hydrazine; the presence of hydrazine in the 
solution was proved by the reduction of Fehling’s solution and the 
formation of benzalazine (m. p. 92°) when the solution was shaken 
with benzaldehyde. The formation of hydrazine can be explained 
by the general reaction of hydroxamic acids, thus : 


[(C(ONa):NOAc], > (ONC-CNO) > OCN-NCO. 
OCN-NCO + 2H,0 = N,H, + 2C0,. 


The preliminary work in connection with this research was car- 
ried out by one of us (R. H. P.) when holder of a Priestley Re 
search Scholarship at Mason University College. 


MunictpaAL TECHNICAL SCHOOL, 
BLACKBURN, 


XC.—Note on Pyromucylhydroxamic Acid. 


By Rozert Howson Pickxarp, D.Sc., Ph.D., and ALLEN NEVILLE, B.Sc, 


TaE reactions of pyromucylhydroxamic acid have been studied with the 
view of obtaining the furfuran-carbamides and -carbamates by Thiele 
and Pickard’s method (Annalen, 1899, 309, 189). These are, how- 
ever, uncrystallisable oils, which decompose on hydrolysis (compare 
Freundler, Bull, Soc. Chim., 1897, [iii], 1'7, 419). 

Pyromuecylhydroxamic acid, C,H,O*CO-NH-:OH, is formed when 
ethyl pyromucate * is hydrolysed with an anhydrous alcoholic solution 
of hydroxylamine. By precipitation with a solution of copper acetate, 
the grass-green copper salt is obtained, which is then suspended in 
alcohol and decomposed by hydrogen: sulphide ; on evaporation, the 
filtered solution yields the hydroxamic acid, which crystallises from 
water in lustrous, white needles and melts at 124°. 


* In preparing pyromucic acid by Frankland and Aston’s method (Trans., 1901, 
79, 511), a better yield is obtained if the solution of the pyromucates and lime is 
just rendered acid (to litmus) and then concentrated before the pyromucie acid ig 
liberated by the addition of more sulphuric acid, 
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0°1351 gave 0:2329 OO, and 0°0467 H,O. C=47:01; H=3°84. 
0°1686 ,, 16°8c.c. moist nitrogen at 14° and 727 mm. N=11-20, 
C;H,O,N requires 0 = 47:24 ; H=3:93 ; N=11-02 per cent. 


It gives the usual cherry-red coloration with ferric chloride, is 
comparatively stable towards boiling hydrochloric acid, and at first the 
compound appeared to have an analogous constitution to the 5-phenyl- 
3-isoxazolone obtained by Ruhemann and Stapleton (Trans., 1900, 
77, 239) by the action of hydroxylamine on ethyl phenylpropiolate. 
It was, however, proved to be a hydroxamic acid by comparing the 
properties of its benzoyl derivative with those of 5-phenyl-3-benzoyl- 
isoxazolone. 

Benzoylpyromucylhydroxamic acid, C,H,0°C(OH):NO-CO-C,H,, is 
precipitated when an aqueous solution of the hydroxamic acid is 
shaken with the calculated quantity of benzoyl chloride and sodium 
acetate. It crystallises from alcohol in needles and melts at 134°. 


02025 gave 10:9 c.c. moist nitrogen at 15° and 763 mm. N =6:32. 
C,,H,O,N requires N = 6-06 per cent. 

It has an acid reaction and dissolves in a solution of sodium car- 
bonate, whilst the monobenzoyl derivative of 5-phenyl-3-isoxazolone, 
which melts at 106°, is insoluble in the reagent. 

The sodium and ammonium salts are precipitated when ether is 
added to their alcoholic solutions. An aqueous solution of the sodium 
salt, when boiled with water, evolves carbon dioxide, and an oil (con- 
taining nitrogen) is obtained when the solution is evaporated. 

This oil is presumably the difurfurancarbamide, but decomposes 
completely when hydrolysed. No better success was attained on 
attempting to prepare the carbamates by boiling the sodium salt with 
alcohols. 


MUNICIPAL TECHNICAL SCHOOL, 
BLACKBURN. 


XCI.—The Absorption Spectra of Cyanogen 
Compounds. 


By Watter Noe Harvey, F.R.8,; James J. Dossrz, D.Sc, MA, 
and ALEXANDER Lauper, B.Sc. 


Tue following investigation was undertaken with the view of ascér 
taining whether, by an examination of the absorption spectra of the 
eyanogen compounds, it might be possible to throw some light upon the 
vexed question of the constitution of these substances, 
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Some of the substances of a simple constitution belonging to this 
group had previously been examined. W. A. Miller and also L. 
Soret proved the transparency of hydrocyanic acid and the cyanides 
(Phil. Trans., 1862, 861 ; this Journ., 1864, 2, 59 ; Arch. Sci. Phys. Nat. 
1878, 61), and Hartley independently found that hydrocyanic acid is a 
remarkably diactinic substance which exhibits no trace of selective ab- 
sorption (Trans., 1882,41, 45). Oyanuric acid, owing to difficulties in 
its examination arising out of its sparing solubility and the necessity 
for examining warm solutions, at first appeared to give evidence of selec- 
tive absorption. It was subsequently proved, however, that there was 
no absorption band even in layers of liquid 200 mm. thick, but that the 
rays between wave-lengths 3330 and 2572, to where the spectrum was 
sharply cut off, were only feebly transmitted (Proc., 1899, 15, 46). 
In the present research, some derivatives of cyanic acid have been 
included, but we have directed our attention chiefly to cyanuric acid, 
melamine, and their respective alkyl derivatives. 

The derivatives of cyanic acid which were examined are highly 
diactinic, and show only general absorption. 

Cyanuric acid is commonly represented as a closed chain compound 
in- which the chain is formed of alternate atoms of carbon and 
nitrogen, united by alternate double and single bonds (formula I), 
and a similar structure is assigned to the methyl ester (methyl cyan- 
urate, m. p. 135°), which is obtained from cyanuric chloride by the action 
of sodium methoxide. The methyl derivative (methyl ésocyanurate ; 
methyl tricarbimide ; m. p. 175°), on the other hand, which is prepared 
by the distillation of potassium cyanate with potassium methyl sul- 
phate, is represented as a derivative of isocyanuric acid (formula II), 
which contains three ketonic groups, and has the carbon and nitrogen 
atoms united by single bonds only. In this derivative, the alkyl 
groups are directly united to the nitrogen atoms. 


HO-C:N-C-OH 


OC-NH:CO 
I, _ II . x 
N:C:N * HN-CO-NH 
H 


Cyanuric acid. éso-Cyanuric acid or 
tricarbimide. 


Pyridine and dimethylpyrazine, in which there are carbon and 
nitrogen atoms, united by alternate double and single bonds,* exhibit 
strong and persistent absorption bands, the selective absorption being 
more marked in dimethylpyrazine (Trans., 1900, '77, 846), which con- 
tains two nitrogen atoms, than in pyridine, which contains only one, 


* That is, which possess the true benzenoid structure represented by alternate 
double and single bonds, or by the cyclic formula. 
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It was therefore to be expected that substances possessing the con 
stitution assigned to normal cyanuric acid and its esters would like- 
wise exhibit marked selective absorption, and that even to a greater 
degree than dimethylpyrazine. 

On the other hand, it was to be anticipated that the alkyl derivatives 
of isocyanuric acid (formula II) would behave like piperidine and other 
substances composed of a closed chain of singly linked carbon and 
nitrogen atoms, or of a closed chain of singly linked carbon atoms, 
which exhibit general absorption only. All the cyanuric compounds, 
however, which we have examined show only general absorption, and 
give no indication of the presence of absorption bands. This result is 
what we anticipated in the case of derivatives of tsocyanuric acid, but 
so far as cyanuric acid and its esters are concerned, it is remarkable, 
especially when considered in connection with the fact that no strict 
experimental evidence has yet been advanced in support of the com- 
monly received structural formula for cyanuric acid and its derivatives, 
The more complete study, therefore, of this acid and its derivatives 
renders doubtful the correctness of the formula which was deduced in 
the first instance from the examination of its optical properties, 

Methyl cyanurate (m. p. 135°) yields cyanuric acid and methyl 
alcohol on hydrolysis with alkalis. It is therefore regarded as the 
ester of normal cyanuric acid (formula I), a conclusion which is 
supported by its method of formation from sodium methoxide and 
eyanuric chloride, Trimethylearbimide (m. p. 175°), on the other hand, 
yields methylamine on treatment with alkalis, and is therefore re- 
garded as a derivative of isocyanuric acid (formula II). It is gene 
rally admitted, however, that chemical evidence of this kind is, in 
such cases, frequently misleading (Goldschmidt and Meissler, Ber., 
1890, 23, 253; Michael, J. pr. Chem., 1888, [ii], 37, 513 ; Hartley 
and Dobbie, Trans., 1899, '75, 640). In this instance, the spectrographic 
examination confirms the results arrived at on purely chemical grounds, 
The spectra of methyl cyanurate, m. p. 135°, bear a close resemblance 
to those of cyanuric acid, the absorption being somewhat greater owing 
to the replacement of three hydrogen atoms by three methyl groups. 
On the other hand, the spectra of trimethylearbimide, m. p. 175°, 
notwithstanding a similar replacement of hydrogen by methyl groups, 
show considerably less absorption than those of cyanuric acid. In none 
of the cyanogen compounds is there any trace of an absorption 
band. 

Melamine and its esters show only general absorption, the amount 
of absorption being somewhat greater than in the case of cyanuric 
acid. Melamine is regarded as the triamide of normal cyanuric acid 
(formula I). 
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ie NH 
L N: y IL. ny Ofs 
H,N-C-N:0-NH, HN:O-N- O:NH 
H 


Melamine isoMelamine 
or cyanurtriamide, or tsocyanurtriimide, 


The triethyl derivative (m. p. 74°), which is obtained by the action 
of ethylamine on cyanuric chloride, is, from its method of formation, 
considered to be a derivative of melamine; the ‘ethyl derivative 
(m. p. 92°), on the other hand, which is prepared by the desulphurisa- 
tion of thiourea, is regarded as a derivative of isomelamine, Here 
again the results of the spectrographic investigation are in accord with 
the conclusions arrived at on chemical grounds, The spectra of mel- 
amine and the triethyl derivative, m. p. 74°, are almost identical, 
whilst the general absorption exhibited by tlie spectra of the isomeric 
compound is considerably less, 

The general result of the examination of these substances is in 
complete agreement with the views now generally held as to their 
relations to one another. As already observed, however, the absence 
of selective absorption is not in harmony with the constitution of 
cyanuric acid, as represented by a formula which is closely analogous 
to that of pyridine and still more closely to that of dimethylpyrazine. 
It may therefore be fairly considered as doubtful whether the consti- 
tution of cyanuric acid is rightly understood. 


EXPERIMENTAL. 


Potassium Cyanate.—Two specimens of potassium cyanate were 
examined ; one obtained from Schuchardt of Gérlitz, the other pre- 
pared by oxidising potassium ferrocyanide with manganese dioxide 
according to the method given by Wurtz (Ann. Chem. Phys., 1854, 
[iii], 42, 44). This substance is highly diactinic, 50 mm. of a solu- 
tion containing 1 milligram-molecule in 4 c.c. water, transmitting all 
rays to 1/\ 4128 (A 2422), | 

Potassium cyanate has also been examined by Soret (Arch. Sci. Phys. 
Nat., 1893, [iii], 10, 429), who found that it gave a strong absorption 
band, of which we could find no indication. 

In the preparation of ethylcarbimide from potassium cyanate and 
potassium ethyl sulphate, it is essential to the success of the experi- 
ment that the potassium cyanate should be freshly prepared. From 
this it might be supposed that the potassium cyanate undergoes some 
change on keeping. If this is the case, the change is not one which 
can be detected by means of the spectrograph, as we found the absorp- 
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tion spectra of specimens photographed immediately after preparation 
and again after standing for six months to be identical. 


Ethyl isoCyanate ; LHthylcarbimide, b. p. 60°. Methyl isoCyanate; 
Methylearbimide, b. p. 44°. 


These derivatives were prepared by the interaction of potassium 
cyanate with potassium ethyl sulphate and potassium methy! sulphate 
respectively (Ann. Chem. Phys., 1854, [iii], 42, 43; Chem. Centr, 
1898, i, 445). As no suitable solvent could be found for these esters, 
they were photographed in thin layers. 

Cyanuric Chloride.—This substance was prepared by passing dry 
chlorine and anhydrous hydrocyanic acid into dry chloroform, care 
being taken always to keep the chlorine in excess. The chloroform 
was evaporated in a current of dry air and the crystalline residue of 
cyanuric chloride purified by repeated crystallisation from carefully 
dried ether ; it melted at 146°. 

Cyanuric Acid.—Samples of cyanuric acid obtained from various 
sources as well as several specimens prepared by us from urea were 
examined and were found to give indentical spectra. Owing to the insolu- 
bility of cyanuric acid, considerable difficulty was experienced in 
making the spectroscopic examination. On this account, layers of 
greater thickness than usual of the cold saturated aqueous solution were 
employed, but no indication of selective absorption was observed. 
A layer 60 mm. in thickness of a solution containing 1 milligram- 
molecule in 60 c.c. uf water transmits all rays to 1/A 3886 (A 2573), 

Methyl Cyanurate (m. p. 136°).—This substance was prepared by 
the interaction of sodium methoxide and cyanuric chloride. As will 
be seen from the curves, its spectra show close agreement with those 
of cyanuric acid. A layer 25 mm. in thickness of a solution contait- 
ing 1 milligram-molecule in 20 cc. of alcohol transmits all rays 
1/r 3922 (A 2549). 


Ethyl isoCyanurate ; Ethyltricarbimide, m. p. 95°. Methyl isoCyanurate; 
Methyltricarbimide, m. p. 175°. 


Two specimens of ethyl isocyanurate were examined ; one purchased 
from Schuchardt, the other obtained in the preparation of ethylearb- 
imide by the polymerisation of the latter substance. The photographs 
of the absorption spectra of the two specimens were identical. The 
specimen of methyl isocyanurate examined was obtained in the same 
way during the preparation of methylcarbimide. The photographs 
of the trimethyl and triethyl derivatives show almost complete agr 
ment, They are more highly diactinic than the corresponding deriva- 
tives of normal cyanuric acid. 


Seg S23 08 "= 


2. 


See PERE 
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Melamine.—The specimen examined was prepared by heating pure 
cyanuric chloride with excess of strong ammonia in a sealed tube at 
100° for 5 hours, The melamine was extracted from the residue 
with water and purified by repeated recrystallisation. This substance 
is less diactinic than cyanuric acid, owing to the replacement of the 
three OH by three NH, groups. A layer 50 mm. in thickness of a 
solution containing 1 milligram-molecule in 40 c.c. of water transmitted 
all rays to '/A 3638 (A 2748). 

Triethylmelamine (m. p. 74°).—The specimen examined was prepared 
by heating pure cyanuric chloride with excess of an alcoholic solution 
of ethylamine in a sealed tube at 100° for 6 hours. It was purified 
by crystallisation from dilute alcohol. As will be seen from the curve, 
its absorption is in close agreement with that of melamine. A solu- 
tion of 1 milligram-molecule in 20 c.c. of alcohol transmits all rays to 
1/\ 3525 (A 2836). 

Triethylisomelamine.—The preparation of this substance in a state of 
purity was found to be most tedious and difficult. The method followed 
was that described by Hofmann (Ber., 1869, 2, 452), The yield of 
mustard oil was very small ; this was also Hofmann’s experience. On 
the other hand, no difficulty was experienced in converting the ethyl 
mustard oil into monoethylthiourea, although, so far as could be ascer- 
tained, the method which we followed did not differ from that given 
by Hofmann. It was found also that little heat was evolved by the 
action of ammonia on the ethyl mustard oil, and that the solution, on 
evaporation, crystallised without difficulty. The melting point of the 
crystals differed by only 1° from that given by Hofmann. The de- 
sulphurisation of the ethylthiourea was effected by repeatedly boiling 
with freshly precipitated and carefully dried mercuric oxide until the 
oxide was no longer darkened. On filtering the solution and evaporat- 
ing, a thick syrup was obtained which crystallised only after long 
standing and upon subsequent repeated treatment with solvents, not- 
withstanding that every precaution was taken, as recommended by 
Hofmann, to thoroughly purify and dry both the mercuric oxide and 
the alcohol. Details are given of the preparation of this substance, as 
it seems to have been but little investigated since the publication of 
Hofmann’s paper. 

The spectra of triethylisomelamine show less absorption than mel- 
amine and triethylmelamine, in this respect they bear the same relation 
to those substances that ethyl isocyanurate bears to cyanuric acid and 
ethyl cyanurate. 

Notes on the Cwrves.—For an account of the method employed in 
drawing the curveson p. 854, see Trans., 1899, 75, 649, and the 
papers mentioned therein. 

The thickness of the layer of liquid in millimetres is given in the 
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column headed ‘mm.’ on the left-hand side of each of the figures A 
and B, 

In the case of cyanuric acid, 1 milligram-molecule was dissolved in 60 
cc. of water, and layers of 3—60 mm. in thickness were photographed. 
For the sake of easy comparison with the curves of the esters, 60 mm, 
of this solution are taken as equivalent to 20 mm. of a solution contain- - 
ing 1 milligram-molecule in 20 c.c., and the curve plotted accordingly. 

The curves for the stronger solutions of melamine and triethyl- 
melamine are not given, as we were unable to obtain photographs of 
the corresponding solutions of triethylisomelamine for comparison. 

The difference between the curves II and III (Fig. A) is due to the 
greater molecular weight of the ester, which contains three methyl 
groups in place of three hydrogen atoms, and therefore has greater 
absorption than the acid. The difference between curves I and III 
expresses the difference in the amount of absorption which is caused 
by the difference in constitution of the two esters. Assuming the 
relation between the unknown isocyanuric acid and its alkyl derivative 
to be the same as that between the normal acid and its ester, the curve 
of isocyanuric acid would be represented approximately by the dotted 
lineIV. The difference in the amount of absorption due to the differ- 
ence in constitution between the normal and the iso-acid would then be 
expressed by the difference between the curves II and IV. 

The melamine curves (Fig. B) are to be interpreted in the same 
manner. 


Potassium cyanate. NiC-OK or O:C:NK. 


1 milligram-mol. in 4 c.c. water. 


Thickness 


f | 
Tigud in Description of spectrum. 


millimetres, 


Spectrum continuous to 
Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 


Same as 4 mm., with lines showing 
faintly at 
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Methyl isoCyanate ; Methylearbimide. CO:NH°CH,. B. p. 44°. 


Thickness 

of layer of 

liquid in 
millimetres. 


Description of spectrum. 


2 Spectrum continuous to 
Dat weeks Fee... 5 


Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 


Ethyl isoCyanate; Ethylcarbimide. CO‘NH-O,H,. B. p. 60° 


Thickness 
of layer of 

liquid in 
millimetres. 


Description of spectrum. MA. 


Spectrum continuous to 
Complete absorption beyond. 


Cyanuric Chloride. C,N,Cl, M. p. 146°. 


1 milligram-mol. in 4 ¢.c. aleohol. 


Thickness 
of layer of 
liquid in 
millimetres. 


Description of spectrum. A. 


Spectrum continuous to 
Faint line at 
Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 


Spectrum continuous to 
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Cyamurie Chloride—(continued). 


1 milligram-mol. in 20 c.c. alcohol. 


Thickness 
Toca in Description of spectrum. 
millimetres. 


25 Spectrum continuous to 
Complete absorption beyond. 
20 Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 


Cyanuric Acid, C,N,0,H,. 


Schuchardt’s specimen recrystallised from water. 


1 milligram-mol. in 60 c.c, 


Thickness 
of layer of 
liquid in 
millimetres, 


-_—_— 


Description of spectrum. 


60 Spectrum continuous to 
Weak prolongation to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Faint prolongation to 
Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
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Methyl Cyanurate, O,N,(O°CH,), M. p. 134:¥. 


1 milligram-mol. in 8 ¢.c. alcohol. 


Thickness 
of layer of 
liquid in 
millimetres, 


Description of spectrum. Ma, 


Spectrum continuous to 
aint line at 

Complete absorption beyond. 
Spectrum continuous to 

Complete absorption beyond. 
Spectrum continuous to ... .......-...06- 
Complete absorption beyond. 
Spectrum continuous to 

Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 


Methyl Cyanurate—(continued). 


1 milligram-mol. in 20 c.c. 


Thickness 
of layer of 
liquid in 
millimetres. 


Description of spectrum. 


25 Spectrum continuous to 

20 Complete absorption beyond. 
15 Spectrum continuous to 
Complete absorption beyond. 
Same as 15 mm., but faint prolonga- 

tion to 

Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
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Methyl isoCyanurate ; Methyltricarbimide. O,0,(N-CH,),. M. p, 175°. 


1 milligram-mol. in 8 c.c. alcohol, 


Thickness 
of layer of 
liquid in 
millimetres. 


Description of spectrum. MA, 


50 Spectrum continuous, but weak to .... 
Very faint indication of lines at 


Complete absorption beyond. 
Spectrum continuous to 

Complete absorption beyond. 
Spectrum continuous to 

Complete absorption beyond. 

Same as 30 mm., very faint prolonga- 


Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 


Spectrum continuous to .............0.6.. 
Complete absorption beyond. 


Methyl isoCyanurate ; Methyltricarbimide—(continued). 


1 milligram-mol. in 20 c.c,. alcohol. 


Thickness 

of layer of 

liquid in 
millimetres, 


Description of spectrum. 


Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Substantially as above. 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
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Ethyl isoCyanurate ; Ethyltricarbimide. C,0,(N°C,H,),. M. p. 95°, 


1 milligram-mol. in 20 c.c. alcohol. 


Thickness 
Tiqued in Description of spectrum. #/a. 


millimetres. 


25 Spectrum continuous to 
Feeble transmission to 
Complete absorption beyond. 
20 Spectrum continuous to 
Feeble transmission to 
Complete absorption beyond. 
15 Spectrum continuous to 
Lines transmitted at 


Complete absorption beyond. 
Spectrum continuous to 
Lines at 

Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 


Spectrum continuous to 


Complete absorption beyond. 


Melamine ; Cyanurtriamide. C,N,(NH,),. 


1 milligram-mol. in 40 c.c. water. 


Thickness 
ot layer of 
liquid in 
millimetres. 


Description of spectrum. War. 


Spectrum continuous to .....6.........00 
Complete absorption beyond. 


Spectrum continuous to 

Complete absorption beyond. 
Spectrum continuous to 

Complete absorption beyond. 
Spectrum continuous to .........c0.0. « 
Complete absorption beyond. 
Spectrum continuous tO .......s.sceeeees 
Complete absorption beyond, 
Spectrum continuous to 

Complete absorption beyond. 


THE ABSORPTION SPECTRA OF CYANOGEN COMPOUNDS. 861 


Melamine ; Cyanurtriamide—(continued). 
1 milligram-mol. in 100 c.c. water. 


Thickness 

of layer of 

liquid in 
millimetres. 


Description of spectrum. tL 


5 Spectrum continuous to 
i} Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 


1 milligram-mol. in 500 ¢.c. water. 


Thickness 
of layer of 
liquid in 

nillimetres. 


Description of spectrum. 1/A. 


Spectrum continuous to 4080 
Feeble transmission to 4315 
Complete absorption beyond. 
Spectrum continuous to 4125 
Feeble transmission to 4362 
Complete absorption beyond. 
Spectrum continuous to 4200 
Feeble transmission to 4407 
Complete absorption beyond. 


Triethylmelamine. C,N,(NH°CH,;), M. p. 74°. 
1 milligram-mol. in 20 c.c. alcohol. 


Thickness 


f . * 
ii ~ phd Description of spectrum. 


nillimetres, 


Spectrum continuous to 
Strong line transmitted at 
Complete absorption beyond. 


Spectrum continuous, but weak, to ... 
Complete absorption beyond. 


Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Strong line transmitted at 
Complete absorption beyond, 
Spectrum continuous to 
Complete absorption beyond. 
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Triethylmelamine—(continued). 
1 milligram-mol, in 100 ¢,c. 


Thickness 
of layer of 
liquid in 


Description of spectrum. Ma. 
millimetres. ; 


5 Spectrum continuous to 
ty Strong line transmitted at 
Complete absorption beyond. 
3 Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 


1 milligram-mol, in 500 ¢,c. 


Thickness 

of layer of 

liquid in 
millimetres. 


Description of spectrum. 


Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond.- 
Spectrum continuous to ........ 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 


Triethylisomelamine. C,N,H,(N-C,H,), + 4H,0, 
1 milligram-mol. in 100 c.c. alcohol. 


Thickness 
of layer of 
liquid in 

millimetres. 


Description of spectrum. 


20 Spectrum continuous to 
Line feebly transmitted at 
Complete absorption beyond. 
15 Spectrum continuous to 
Complete absorption beyond. 
10 Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 
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Triethylisomelamine—(continued). 
1 milligram-mol, in 500 c.c. alcohol, 


Thickness 
of layer of 
liquid in 

millimetres. 


Description of spectrum. MA, 


5 Spectrum continuous to 
Complete absorption beyond. 
j Spectrum continuous to 
Complete absorption beyond. 
3 Spectrum continuous to 
Faint line at 

Complete absorption beyond. 
Spectrum continuous to 
Complete absorption beyond. 


XCIIL—A New Method for the Determination of Hydro- 
lytic Dissociation. 


By Ropert Crosbigz Farmer, B.Sc. (Vict.), Ph.D. (Wiirzburg), Priestley 
Scholar in the University of Birmingham. 


Ir is well known that salts of weak acids or weak bases are partially 
dissociated in aqueous solution into free acid and base. This is due to 
the fact that water is to a slight extent ionised, and is therefore 
capable of acting at the same time as a weak acid and a weak base, 
In many cases, it becomes a matter of importance to determine to 
what extent this hydrolytic dissociation takes place. 

Walker has recently shown (Zeit. physikal. Chem., 32, 1900, 137) 
that the relation between the dissociation constant of an acid, and the 
hydrolysis of its salts may be expressed mathematically, and that if 
the dissociation constant for pure water is known, the, hydrolysis of 
asalt may be calculated from the conductivity of the corresponding 
acid or base, and vice vers@. For this reason, a more complete study 
of hydrolytic dissociation seems desirable. 

Of the methods at present in use for the determination of hydrolysis, 
the chief ones are (Ley, Zeit. physikal. Chem., 1899, 30, 193), 

(i) The determination of the electric conductivity of the salt in 
question at different dilutions. 

(ii) The measurement of the free acid or alkali present in the system 
by the velocity of hydrolysis of esters, or of the inversion of sugar by 
4 solution of the salt. 

Of these, the former can scarcely claim anything more than a quali- 
lative significance. It is known for instance, that in the case of 
all sodium salts which are not hydrolysed in aqueous solution, the 

nce between the molecular conductivity at the dilution v=32 
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litres, and that at v= 1024 litres approximates to 10 units. If the salt 
is hydrolysed, this difference will exceed 10 units, the higher conduc- 
tivity at the dilution v= 1024 litres, being due to the excess of sodium 
hydroxide which is set free from the salt by the water. 

This method is, however, neither sensitive nor exact, and so far no 
attempt appears to have been made to calculate the extent of the 
hydrolysis from the increase of the conductivity with the dilution. 
The method of determining the- amount of free acid or base by the 
velocity of hydrolysis has, on the other hand, been used with con- 
siderable success. With the aid of a somewhat complicated formula, 
Shields (Zeit. physikal. Chem., 1893, 12, 167) has applied the method 
to the measurement of hydrolysis in the case of the salts of weak 
acids, such as phenol, dc. Still, there are certain cases in which 
Shields’ method becomes inapplicable, and it is with the view of 
supplying this deficiency that the following method was devised. 

If we attempt to apply the method described by Shields to the 
determination of the hydrolysis of a salt whose acid is sparingly 
soluble in water, we are met with the difficulty that the free acid 
begins to separate out from the solution before the reaction has pro- 
ceeded very far. The equilibrium of the system is thereby upset, and 
the formula for the calculation of the results ceases to hold. It also 
occasionally happens, in working with unstable substances, that the 
acid decomposes during the progress of the hydrolysis, especially if the 
latter requires several days for its completion up to a point where 
accurate results may be deduced from it. This was found to be the 
case, for instance, when the attempt was made to determine the hydro- 
lysis of sodium nitrosophenolate (Farmer and Hantzsch, Ber., 1899, 
32, 3106). To overcome these difficulties, advantage has been taken 
of the fact that a substance distributes itself between two immiscible 
solvents in a constant ratio, independent of the dilution, that is, if we 
except the case of substances which exist in one of the two solvents 
in a state of abnormal molecular aggregation. The determinations 
are easy to carry out and involve much simpler calculations than the 
last-mentioned method. 

The substance used in the following experiments was one to which 
Shields’ method was inapplicable, owing to its sparing solubility ip 
water, namely, hydroxyazobenzene. If an aqueous solution of a salt 
of hydroxyazobenzene is shaken with benzene, some free hydroxyaz0- 
benzene is taken up by the benzene layer. From the quantity of 
hydroxyazobenzene thus extracted, it is possible to calculate to what 
extent the salt is hydrolysed in aqueous solution. 

It is first necessary to determine the coefficient of distribution for 
hydroxyazobenzene between benzene and water. To determine the solu- 
bility of hydroxyazobenzene in benzene, a certain quantity of a saturated 
solution was evaporated down and the residue weighed. Owing 

a 
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its volatility at 100°, the hydroxyazobenzene could only be slightly 
warmed during the evaporation (which was accelerated by a current 
of air), and was then dried in a desiccator until the weight was con- 
stant. To determine its solubility in water, the usual method of 
evaporation could not be used, owing to the volatility of the hydroxy. 
azobenzene. The most convenient method was to extract the hydroxy- 
asobenzene from the aqueous solution with ether, and evaporate down 
the ethereal extract. On account of the great solubility of hydroxy- 
azobenzene in ether, it was quite sufficient to extract the aqueous 
solution twice. 

The residue from the ether was dried in a desiccator as before and 
weighed, The dried hydroxyazobenzene showed no traces of volatility 
on continued standing over sulphuric acid in a desiccator at the 
ordinary temperature. 

In the carrying out of the distribution experiments, we have not 
to do with pure benzene and water, but with mutually saturated 
solutions of the two solvents. The solubility determinations were 
therefore also carried out with benzene containing water and with 
water containing benzene. 

For the solubility of hydroxyazobenzene in water at 25°, the fol- 
lowing values were obtained : 


Solubility of hydroxyazobenzene in pure water free from carbon dioxide, 
Temp. 25°. 

(i) 1000 c.c. of the solution gave 0°0227 gram hydroxyazobenzene. 

(ii) 1000 ef 0:0223_,, 


Solubility in water containing benzene. 


1 c.c. of the solution gave 0° gram roxyazobenzene. 
i) 1000 f the solution g 0:0268 hydroxyazobe 
(ii) 1000 » 00265 _ ,, 
” 
(iii) 500 os “ 00159 ,, . 
Mean = 00284 ,, per litre. 


”? 


” 


Solubility in benzene containing water. Temp. 25°. 


Ten c.c. of saturated solutions gave successively 0°1525, 0°1524, 
01508, 0-1513, 0°1524, and 0°1528 gram of residue. Mean = 0:1520 
gram in 10 c.e. 


This gives as the ratio of solubilities 


0°1520 x 1000 


mini 


This was confirmed by distributing between water and benzene a 
quantity of hydroxyazobenzene insufficient to saturate the two solvents 
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Distribution of hydroxyazobenzene between benzene and water, 
Temp. 25°. 
Hydroxyazobenzene Hydroxyazobenzene Coefficient 
f 


from 1000 c.c. of the from 10 c.c. of the 0 
aqueous solution. benzene solution. Distribution, 


0:0198 0°1125 568 
0°0198 0*1025 518 
0*0217 0°1135 528 
0°0199 0'1096 551 
0°0215 0°1152 536 


—. 


Mean = 539 


The mean of these values, namely, 539, was taken as the true co- 
efficient of distribution in the following experiments, 

In the determination of the hydrolysis, the barium salt of hydroxy- 
azobenzene was used, as it is almost impossible to prepare a caustic soda 
solution absolutely free from carbonate. 

A weighed quantity of hydroxyazobenzene was brought into a 
large stoppered bottle of about 1400 c.c. capacity and a known 
quantity of benzene added. In the following experiments, 60 cc, 
of benzene were taken. A solution of barium hydroxide in 1000 cc. 
of water was then added, and the whole brought to 25° in a thermo- 
stat. Hereupon, the benzene and water were well mixed by shak- 
ing, and again allowed to stand in the thermostat until the two 
layers had completely separated. The water was then syphoned off 
and 50 c.c. of the benzene removed by means of a. pipette. The 
- benzene solution was evaporated down, and the residue dried in 4 
desiccator until of constant weight. 

As the solubility of benzene in water is very slight, it was not 
considered necessary to make allowances for the small changes in 
volume in calculating the concentrations of the solutions. 


Calculation of the Results. 


The coefficient of distribution for hydroxyazobenzene between benz- 
ene and water was found to be 539, that is, benzene always takes up 
539 times as much hydroxyazobenzene as water, if the two solvents 
are present in equal volumes. We will designate this coefficient by /. 
If the two solvents are present in unequal quantity, say 1 litre of 
water to q litres of benzene, the hydroxyazobenzene will distribute 
itself between them in the ratio 1:¢f,. 

If we take a solution of hydroxyazobenzene in baryta water and 
shake it with benzene, the benzene will extract free hydroxyazobenzene 
from the barium salt until the two following equilibria have adjusted 
themselves. 
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i, O,H,"N:N-C,H,OH + baOH = C,H,"N-N-C,H,-Oba + H-OH. 
ii, Hydroxyazobenzene in water —+ Hydroxyazobenzene in benzene, 


From the quantity of hydroxyazobenzene taken up by the benzene, 
the degree of hydrolysis can be calculated as follows. 

Let the concentration of the hydroxyazobenzene in the aqueous solu: 
tion be c, gram equivalents per litre, and that of the barium hydr- 
oxide c, equivalents per litre. For each litre of water we take, as above, 
qlitres of benzene. After equilibrium has been reached, a certain 
quantity of the benzene is removed by a pipette, filtered, and evapor- 
ated. The residue is weighed, and from its weight the quantity of 
hydroxyazobenzene in the whole 60 c.c. is calculated. We can calcu- 
late from this, by multiplying by 1/¢/, how much free hydroxyazo- 
benzene is present in the aqueous solution. This quantity must be 
expressed in gram equivalents per litre. We will call this concentra- 
tion ¢. 

The following quantities are therefore known : 


¢,= Original concentration of hydroxyazobenzene, 

= - - barium hydroxide. 

c=Concentration of free hydroxyazobenzene in the water after 
shaking up with benzene. 

For the equilibrium : 

0H, N:N-C,H,OH + baOH = C,H,'N:N-C,H,*Oba + H-OH, } 
we have the equation m,d, x m,d,=m,d, x m,d,, where m,, mg, mz, and 
m, are the concentrations, and d,, d,, d,, and d, are the degrees of dis- 
sociation of the four substances. It has been shown (Arrhenius, Zeit. 
physikal. Chem., 1890, 5, 17) that this equation may be simplified so as 
to read 

mm, = kmym, 
We have now : 
m,=Concentration of the free hydroxyazobenzene in the water =c. 


If this quantity is c, a. corresponding quantity, cg¥, must have been 
taken up by the benzene. The total quantity of free hydroxyazo- 
benzene is therefore c (in the water) +cqg¥ (in the benzene). Total= 
dl+qF). 

_ The remainder of the hydroxyazobenzene is present in the form of 
its barium salt. The concentration of the barium salt which has 
escaped hydrolysis is therefore c,—c(1+9q/). 

m,=c,-c(1+qF). 

The total concentration of baryta is c,. Of this, part is free and 
part is combined as barium salt. The quantity of barium salt is 
m;; the quantity of free barium hydroxide is therefore equal to 
-ms, that is, 

M, =, —¢,+e(1+qF). 
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m,=Concentration of the water. This is practically constant, 
Consequently, km, is also constant. 
The equation m,m, =km,m, must therefore be written : 


e{e,-c,+e(1+qF)} = km,{e,—¢(1+¢F)}, 

e{e,—¢,+e(1+9F)} 
¢,—¢e(1+¢F) 

From this equation, km, can be calculated. 


km, = 


Let us now consider the normal system, 
C,H,"N:N-C,H,-OH + baOH = C,H,-N:N-C,H,-Oba + H-OH, 
in absence of benzene and without any excess of baryta. We have 


the condition 
mm, = kmym,. 


In this case, however, it is evident that m,=m, and m,=c,-m, 


Consequently, 
m,> = kmeg—m,). . . . . « « (ii) 


From this equation, m, can be calculated. 


Finally, the degree of hydrolysis 


and the percentage hydrolysis ———, ‘> « nn 


The carbon dioxide of the air must of course be excluded as 
rigidly as possible. It has the effect of setting free too much 
hydroxyazobenzene and thus giving values which are too high, 
This effect shows itself most strongly when approximately equivalent 
quantities of hydroxyazobenzene and barium hydroxide are taken. 
It may, however, be almost completely avoided by using excess of 
barium hydroxide, so that the quantity of carbon dioxide which 
finds its way into the solution is small in comparison with the 
total amount of free alkali present. For instance, by taking dif 
ferent excesses of barium hydroxide, the following values were 
obtained. 

Concentration = V/64. Temp. = 25°. 
Excess of barium hydroxide, approx. - 5 0 . 10 20 per cent. 
Percentage of hydrolysis (found) ... 145 1:34 1:26 1:21 » 


Concentration = 4/100. Temp. = 25°. 


Excess of barium hydroxide, approx. 0 11 20 94 percent 
Percentage of hydrolysis (found) ... 2°36 1:80 155 165 » 


In the case of hydroxyazobenzene it is advisable to use an & 


cess of baryta amounting to 10 to 20 per cent. Thus, the error due 
to carbon dioxide is reduced to a minimum, and the quantities of 
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hydroxyazobenzene in the benzene extract are still sufficiently large 
to be easily weighed. 

The effect of dilution on the hydrolysis is expressed, as has been 
shown by Arrhenius, by the equation 2?/(1 - x)v = const., where 
a2 = degree of hydrolysis, and v = dilution. If we omit the results 
which were, as above shown, most affected by the action of carbon 
dioxide, we obtain the following 


Table of results. 

Dilution. Percentage of hydrolysis. x*/(1 — x)v = const. 
32 0°90 
32 0:92 
50 107 
50 110 
64 1:26 
64 1-21 
80 1°33 
80 1°32 
100 1°55 
100 1°65 


bo bo bo LO 


bo 
Go ex bo b> wo 


bo 


Mean 243 ,, 


According to Walker (Zeit. physikal. Chem., 1900, 32, 137), the 
dissociation constant of an acid may be calculated from the hydrolysis 
of its salts. If x is the degree of hydrolysis and & the dissociation 
constant, we have the relation, 


x2 _ (1:09 x 10-7)? 

(l-ao | k 
This would give a dissociation constant for hydroxyazobenzene of 
4-9 x 10-®. A discussion as to the bearing of this on the question of 
the constitution of the hydroxyazo-bodies must be postponed until 
more accurate measurements of the electric conductivity of hydroxy- 
azobenzene have been made. The present paper is concerned only 
with the application of the method of distribution to the determina- 
tion of hydrolysis. In most cases, it would probably be advantageous 
to determine the amounts of acid by titration instead of gravimetric: 
ally. This was inapplicable in the case of hydroxyazobenzene, on 
account of the intense colour of the solutions. The method of 
distribution is of course as well adapted to the investigation of the 

salts of weak bases as to that of the salts of weak acids, 


CHEMICAL LABORATORIES, 
UNIVERSITY OF BIRMINGHAM. 


ANNUAL GENERAL MEETING, 


Marcu 28ru, 1901. 
Professor I, E, THorpe, C,B., LL.D., F.R.S., President, in the Chair, 


The following Report was read by the President :— 


Tue CuEemicaL Society was founded about four years after the accession 
to the Throne of the Gracious Lady whose recent loss we deplore, and the 
memory of whose virtues and worth, as a woman and as a monarch, will 
for ever abide with us. We are proud to think that this Society, in so 
far as it has ministered to the progress of chemistry, may have contri- 
buted in some measure to the lustre of a reign which has been pre- 
eminently associated with the development and spread of science in 
this country, and with the extension of those arts which rest upon 
chemistry. We have never been unmindful of what our science’ owes 
to the Royal Family, and in particular to the late Prince Consort, 
whose appreciative interest in the fortunes of the Royal College of 
Chemistry, of which he was the President, and whose friendship for 
the eminent man who made it the first organised school of chemical 
research in this country, has directly ministered to the activity, welfare, 
and usefulness of our Society. We sought to give utterance to these 
sentiments in an Address which we ventured to submit to His Majesty 
on his accession to the Throne, and in respectfully tendering our con- 
gratulations, and in offering our homage, we expressed the hope that 
his reign might be marked by discoveries in the science we represent 
not less brilliant than those which have characterised the reign of his 
illustrious mother. 

We enter upon the twentieth century mustering 2370 members, made 
up a8 follows : 


Number of ordinary Fellows on March 29th, 1900 .., 2292 
” ” reinstated by Council ... 5 
since elected........... ‘nn ae 


” 
Withdrawn 
Removed on account of non-payment of arrears... 
Deceased 


Number of ordinary Fellows on March 28th, 1901 .. 
Foreign Fellows 
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Since the last anniversary the following have withdrawn :—f, [, 
Allhusen ; J. Allport ; Frank Bastow; F. Barker Cooke ; G. H. Cross; 
Sir Michael Foster ; J. Frost; H. E. Gardner ; J. F. H. Gilbard ; William 
Goddard ; Frederic Gotbard; Robert Hamilton; Harold Ellershaw 
Head ; William M. Heller ; Henry Leonard Hinnell ; Alfred Kingsby 
Howard ; Edgar Joseph ; A. E. Lewis ; C. T. Macadam ; Fred Marsden; 
James Maso; John Charles Platts; Perey Morrice Randall; §, G, 
Rosenblum ; Edward Rosling ; James Spencer ; James H. Stebbins; 
Sydney Steel ; William Ward ; A. Swainson Waterfield ; P. A. Wier, 

The names of those removed. were :—Carl Bennert ; G. F. Brindley; 
R. E. Brown ; James Crowther; W. B. Edwards ; Sidney Fawns; 
D. A. Griffiths; W.T. Gronow; R. Glode Guyer; W. G. Lasseter; 
H. E. Law; J. A. MacFarlane; Angus Mackay; E. MacSwiney; 
S. M. Martin ; Robert McClumpha; W. B. McVey ; E. E. Milnes; 
H. J. Monson; R. H. Owen; J. B. Reid; H. J. Phillips; James 
Speakman; Thomas Stormouth; J. B. Thornley; H. W. Wallis; 
A. W. Warwick ; R. H. Wilson. 

The names of the deceased Fellows are :—Edmund Atkinson ; John 
Borland ; Alfred Hunter Boylan ; William Harcourt Branscombe ; Sir 
John Conroy ; Henry Howard Crawley ; Thomas Flower Ellis ; Frank 
W. Harris; Herbert A. Hotblack ; Sir John Bennet Lawes ; Stevenson 
Macadam ; Frederick Alfred Manning ; William McConnell ; William 
Parsons ; Richard Reyndlds ; Saville Shaw ; George Smith ; C. J. H. 
Warden ; Augustus A. Wood; Thomas M, Wyatt. 


In Edmund Atkinson we have lost a fellow of marked individuality, 
a strong and vigorous personality, the memory of whose genial pre- 
sence, sturdy common sense, and mordant yet kindly humour those of us 
who knew him will not willingly let die. He is best known, of course, 
as a physicist, as the editor of a popular text-book of physics, and as an 
officer of the Physical Society. But he began his scientific career as 
a chemist, studying under Bunsen and Wohler, and working on glycol 
and on lophine. He joined our Society in 1859, was a member of the 
Council in 1868—1871, in 1882—1885, in 1891—1892, and became a 
Vice-President in 1893—1896. A more extended notice of his life 
and works will be contributed to our Journal by his life-long friends, 
Professor Carey Foster and Dr. Hugo Miller. 


By the death of Lieutenant Thomas Flower Ellis we have lost a 
young metallurgical chemist of considerable promise, of great per- 
sonal charm, beloved by all who learned to know his frank and 
manly nature, He passed through the Chemical Courses of the 
Royal College of Science, working for a time in the research 
laboratory under my direction. After spending some years at the 
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Straits Trading Company’s Tin Smelting Works, at Pulo Brani, as 
an assayer, he went to South Africa as a mining engineer, and at 
the outbreak of hostilities joined Thorneycroft’s Mounted Infantry, 
and was mortally wounded at the disastrous reverse of Spiom Kop. 
With what courage and hardihood he faced that terrible ordeal, and 
how he met his end, has been told by Mr. Oppenheim in the , 
January number of this year’s Nineteenth Century and After, 


Sir John Bennet Lawes, at the time of his death, had completed 
fifty years of membership of our body. His name is inseparably con- 
nected with that of his life-long friend and coadjutor, our veteran 
President—Sir Henry Gilbert, the father of the Society—in the de- 
velopment of scientific agriculture in this country, more especially in 
the famous field experiments at his ancestral home of Rothamsted. 
Sir John Lawes served on the Council in 1862—1865, and much of 
the outcome of the experimental inquiries which we owe to his broad- 
minded munificence is to be found in the pages of our Transactions, 

We hope to have a fuller account of Sir John Lawes’s life-work from 
the pen of Professor Warington. 


Richard Reynolds, a former Lecturer in Chemistry at the Leeds 
School of Medicine, now incorporated within the Yorkshire College— 
aconstituent college of the Victoria University—who died on April 5th, 
1900, at the age of 70, was a man who deserves to be had in remem- 
brance, not only as a representative pharmacist, singularly well cul- 
tured and strenuously active in all that concerned the best and truest 
interests of his calling, but as the type of a good citizen whose 
highest ambition was to do what in him lay to further the social 
and intellectual welfare of the community with which his lot was 
cast. Born in Banbury, of Quaker parents, he went to Leeds in 
1844 as an apprentice to the late Thomas Harvey, also a member 
of the Society of Friends, and a well-known citizen of that town, 
where his memory is still cherished as a man of rectitude, zealous 
and active in everything relating to the public good. The firm, 
which ultimately became known as Harvey and Reynolds, was origin- 
ally established by William West, also a Quaker, a Fellow of the 
Royal Society, and an original Fellow of this Society, who published 
anumber of analyses of Yorkshire mineral springs, and who preceded 
Reynolds as Lecturer in the Leeds Medical School. Reynolds, also 
like West, became one of the secretaries of the Leeds Philosophical 
Society, and both were presidents of the Pharmaceutical Conference. 
Reynolds, in fact, was one of the founders of the Conference, and 
acted as Honorary Secretary until 1871. He also took an active part 
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in the work of the Yorkshire Geological Society, and served for some 
years on its Council. He was, too, one of the founders of the Priestley 
Club in Leeds, a constant attendant at its meetings, and an occasional 
contributor—his communications having invariably a note of interest, 
expressed with a fastidious neatness and precision of statement emin- 
ently characteristic of the man. Most of his published work appeared 
in the Pharmaceutical Journal, in the Reports of the British Associa 
tion, and in the Proceedings of the Yorkshire Geological Society. He 
joined our Society in 1857. 

Richard Reynolds will be mainly remembered for the share he 
took, in conjunction with the late Lord Frederick Cavendish and 
Dr. Heaton, of Leeds, in establishing the Yorkshire College, now 
one of the most important and most successful of the provincial 
colleges founded upon the type of Owens College, Manchester, 
Richard Reynolds may be said to have dedicated his life to this 
work. He pursued it with a tenacity of purpose and an untiring 
zeal which no amount of opposition or discouragement could damp. 
To a quiet and somewhat reticent manner he added the saving grace 
of a sense of humour ; he was an excellent observer, and a good judge 
of men. Although not a Yorkshireman by birth, he thoroughly un- 
derstood, and was quick to recognise and appreciate, the sterling 
qualities of shrewdness, directness of purpose, and strong common 
sense which characterise the people with whom he identified himself. 
It was this intelligent sympathy, combined with a singular trans 
parency of motive, an obvious unselfishness, and a simple, earnest 
manner, that, by compelling confidence, constituted the secret of 
his influence among the men with whom he worked. He was 
satisfied, however, to exercise his power in a quiet, unobtrusive 
way ; platform appearances and public display were utterly uncom 
genial to him; self-seeking or anything approaching to ostentation 
was absolutely foreign to his nature. It is owing to the circum- 
stance that I knew him to be quite unmindful of his own fame, 
content indeed with the mens sibi conecia recti, that I desire now 
to add my meed of appreciation of the man and of the work which 
hezachieved. I lived with him through the struggling infancy of 
the College, with which we both were associated, he as Honorary 
Secretary to its Council, and I as its first teacher of Chemistry. I 
should be wanting in common gratitude if I neglected this oppor 
tunity of stating how much I owe to his broad and intelligent 
sympathy with the objects of my chair—a sympathy springing, 00 
doubt, in part from his old association with the work of a 
of chemistry, but, and in no less measure, also to his inherent love 
of the science. His quiet trust, his courage, his resourcefulness, 
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never failed even at the most critical juncture in the early history 
of the College. Although naturally wary, cautious even to a degree, 
he could be bold on occasion, and seize with an unerring instinct the 
psychological moment which made for success, and carry with him 
coadjutors who had learned to trust the soundness of his judgment, 
and to put their confidence in his instinctive recognition of expediency 
and right. What the Yorkshire College has now become is largely 
due to the character which he and those who worked with him im- 
pressed upon it in the first years of its existence, and their names 
deserve to be writ in imperishable letters upon its chief corner- 
stone. 

Men with the civic virtues of Richard Reynolds are the highest 
ornaments of the State. We see their monuments in the number of 
rapidly developing places which, like Owens College and the Yorkshire 
College, adorn our towns and cities—colleges which have moulded, and 
are destined to mould still more profoundly, the intellectual features of 
our social and industrial life. 


Saville Shaw, the honorary local secretary and treasurer of the 
Newcastle Section of the Society of Chemical Industry, died on 
November 5th, 1900, in the 36th year of his age. He was born at 
Ardwick, Manchester, and in 1880 went to Owens College, and eventu- 
ally became an assistant in Sir Henry Roscoe’s laboratory. In 1884 
he was elected to a Demonstratorship in Chemistry in the Durham 
College of Science, Newcastle-on-Tyne, and was made Lecturer on 
Metallurgy and Assaying. He did a considerable amount of extension 
lecturing throughout the counties of Northumberland and Durham, and 
- in recognition of his services was given the degree of M.Sc. by the 
University of Durham. He was a member of various committees of 
the North of England Institution of Mining and Mechanical Engineers, 
for whom he carried out several experimental investigations, particu- 
larly on matters connected with flameless explosives, and on the micro- 
structure of metals and alloys. In 1883, he communicated to us a paper 
on the preparation of the pentathionates, in which he established the 
existence of these salts, in opposition to the statement of Spring, 
who had impugned the accuracy of Prof. Lewes’ observations published 
in our Journal, He was elected into the Society in 1890. 


On the last anniversary, it was my melancholy duty to have to 
chronicle the loss of an unusually large proportion of our limited 
number of honorary foreign members. I am pleased to have to report 
on this occasion that Death has stayed his hand for a while, and that 
the number of our foreign Fellows remaius the same as at this time 
last year, namely, 33. 


876 ANNUAL GENERAL MEETING. 


I have the pleasure to offer, on behalf of the Society, our warm con- 
gratulations to our former President and Treasurer, Dr. Russell, on the 
attainment, this -year, of his Jubilee as a Fellow of our body. Dr, 
Russell, we are glad to see, wears his years so lightly that it will be 
news, I am sure, to most of the Fellows to learn that he was elected 
into the Society so far back as the epoch of the Great Exhibition, 
within ten years, in fact, of its foundation. He has lately, as we 
know, renewed his youth, and we may confidently hope that he will 
continue to cultivate, with unabated ardour, those congenial inquiries 
which the calls of office, and of professional duty, left him but little 
leisure to pursue. : 

Mr. Nevil Story Maskelyne, late Professor of Mineralogy in the 
University of Oxford, sometime Keeper of the Minerals in the British 
Museum, and a former Vice-President of this Society, also attains his 
Jubilee as a Fellow this year. I beg to offer him our congratulations 
on this event, and to express the hope that he may speedily recover 
from the illness with which he has recently been attacked. 

Sir David Gamble, C.B., a well-known leader of chemical industry 
in South Lancashire, and Mr. Edward Riley, the veteran analyst, who 
served on the Council in 1878—1879, and was a frequent contributor to 
our Journal, more particularly on subjects connected with the metal- 
lurgy of iron, are also to be congratulated on reaching, this year, the 
fiftieth anniversary of their election into the Society. 

In the early part of this year, our Foreign Secretary had the 
pleasure of tendering, by direction of the Council, our felicitations to 
our eminent Foreign Member, Professor Wladimir Markownikoff, of 
the Uniyersity of Moscow, on the occasion of the commemoration of 
the 40th year of his Doctorate. Courtesies like these add to the 
comity of nations and serve to show that whatever political or racial 
divisions may separate people, men of science are linked together in a 
common brotherhood. 

Since the last Anniversary, 182 communications have-been made to 
the Society, as against 175 on the last occasion. This number 18 
greater than we have had in any preceding year. In character and 
variety, the last year’s communications will, I think, compare favour- 
ably with those of any previous session. Abstracts of all have 
appeared in the Proceedings, and 106 have already been published in 
the ‘'ransactions. The volume of Transactions for 1900 contains 127 
memoirs, occupying 1210 pages; in the preceding year 120 papers 
were published, occupying 1166 pages. Of the 127 memoirs, 19 were 
concerned with General and Physical Chemistry, 17 with Tnorganie 
Chemistry, 84 with Organic Chemistry, 6 with Analytical Chemistry, 
and 1 with Mineralogical Chemistry. Papers on Physiological 
Chemistry or on the Chemistry of Vegetable Physiology and Agricul: 
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ture are comparatively seldom brought before our Society, and not a 
single communication on these departments of science appears in the 
Journal of last year. 

I ventured on the last occasion to impress upon contributors the 
wisdom of condensation ; if brevity is the soul of wit, diffuseness is 
noless the bane of science. The profit with which one reads a contri- 
bution is not always in direct proportion to itslength. It is a remark- 
able fact that memoirs which have been, as it were, points of departure 
in the history of our science, such, for example, as Cavendish’s famous 
paper on the synthesis of water, Davy’s papers on the discovery of 
potassium and on the nature of chlorine, Williamson on etherification, 
have occupied only a few pages of printed matter. The list of famous 
memoirs of which the same may be said might be greatly extended. 
You have only to glance at the publications of the Alembic Club, or at 
Ostwald’s reprints of Chemical Classics, to see how tersely all that we 
esteem best in our literature has been expressed. 

The character of our published work is, of course, the true index of 
our usefulness, and we have a just pride in the regard which is every- 
where paid to our Journal. But to those who are entrusted with the 
management of the affairs of the Society the steadily increasing mass 
of literature to be dealt with is a subject of no little concern. The 
cost of publication is increasing even more rapidly than the increase 
of matter to be published, and each year sees an addition to-the 
expenses on account of the Journal and Proceedings in the Treasurer’s 
Balance Sheet, with no proportionate increase in the income of the 
Society. We trust, therefore, that contributors may bear these facts 
in mind, and extend their sympathy towards that most hardly, worked 
of all our Committees—the Publication Committee. Its methods may 
at times appear draconian, but, after all, we must, to use the homely 
phrase, cut our coat according to our cloth. Those coats are not neces- 
sarily the best cut which contain a superfluity of cloth. 

The volumes for 1900 contain 3758 abstracts of papers, published 
mainly in continental journals, occupying 1492 pages. Although the 
number of abstracts dealt with is 141 more than in the preceding fear, 
Which in its turn was nearly 800 more than in 1898, the space occupied 
is less by 300 pages than last year. I venture to think that the 
character of the abstracts as faithful réswmés of contemporary chemical 
literature has in no wise suffered from the condensation to which they 
have been subjected. 

The abstracts may be classified as follows :— 
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Pages. No. of Abstracts, 
Organic Chemistry ............ Favens civeapererinres 712 1355 


Part IT. 


General and Physical Chemistry 467 
Inorganic Chemistry ..................0+ iasiasthe 383 
Mineralogical Chemistry 174 
Physiological Chemistry 336 

Chemistry of Vegetable Physiology and Agri- 
culture 368 
675 


2403 


—. 


Total in Parts I. and IT 3758 


I am sure, too, the Fellows must have noted with satisfaction the 
unvarying regularity with which the Journal now makes its appear- 
ance with the beginning of the month. 

I am also able to congratulate the Society on the more prompt 
appearance of the Annual Index. For some years past the annual 
volumes have been indexed by a special staff under the direction of 
the Sub-Editor, but after the work of compiling the Collective Index, 
extending from 1873 to 1892, was finished, the Index Committee 
suggested to the Council the propriety of entrusting the duty of pre- 
paring the Annual Index to one person, who should be responsible, 
under the direction of the Editor, for its speedy publication. Mrs 
Dougal, who compiled the Collective Index, has, at the request of the 
Council, taken charge of this work, and the new Index has, I trust, 
now reached the Fellows. Although this degree of promptitude 
compares very favourably with that obtained under the former syste, 
we have reason to hope, from the experience of the last twelve months, 
that it may be possible, by a fresh arrangement with our printers, to 
issue the Annual Index within six or eight weeks after the completion 
of the year to which it relates, 

In addition to the 127 memoirs, the volume for 1900 contains 20 
fewer than four Memorial Lectures on the life-work of distinguished 
Foreign Members, namely, Victor Meyer, Bunsen, Friedel, and Nilson. 
In the January number of the present volume appears the admirable 
account of Rammelsberg’s life and labours, which we owe to Professor 
Miers. The Society has now accumulated a considerable number—@ 
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all 13—of these monographs of the work of eminent Fellows of this 
Society —men who have been largely instrumental in moulding the 
chemistry of the last half-century. Among them are masters of deter- 
minative chemistry, Stas, Bunsen, Marignac, Nilson, and Rammelsberg ; 
leaders in organic chemistry, Hofmann, Kekulé, Victor Meyer, and 
Friedel ; Pasteur, the greatest of biological chemists ; distinguished 
workers in the borderland connecting physics and chemistry, Kopp 
and Helmholtz ; and Lothar Meyer, historian and systematist, Now 
that the end of the century has been reached, the Couneil has deter- 
mined to put together these memoirs, and to issue them, as indeed was 
intended from the outset, in a separate volume. The whole work will 
constitute a most interesting record of the personal history of chemical 
science during the last half-century. It forms, too, a worthy monu- 
ment to those whom we seek to commemorate, and a token of our 
gratitude for the services which they have rendered to humanity. 

The mention of the name of Helmholtz recalls to our minds the 
graceful and eloquent tribute which was paid to the genius and labours 
of that eminent man in this room by one whose voice is now for ever 
hushed. Fitzgerald was not of our number, but with that frank and 
ready courtesy so characteristic of his generous nature, he promptly 
responded to our invitation to act as the exponent of our homage to 
the memory of the great philosopher who, in that never-to-be-forgotten 
lecture of 1881, had himself testified before this Society, and in one of 
the most remarkable gatherings of which I have personal knowledge, 
to the feeling with which the whole civilised world regards the name 
of Michael Faraday. No man was more fitted to discharge the duty 
we had imposed upon him than Fitzgerald ; himself a man of singular 
originality, he possessed a fine critical insight and a power of just 
appraisement which, joined to a scrupulous love of trath and a con- 
tempt for the mere commonplaces of eulogy, made his estimate of the 
power and true place in science of Helmholtz one of the most weighty 
and most convincing contributions yet made to the series of our 
Memorial Lectures. 

During the last Session of Parliament, the attention of the Council 
was directed to the possible influence of the Copyright Bill, then 
before a Committee of the House of Lords, upon the Society’s activity 
asa publishing agency. The Bill,‘as originally drafted, appeared to 
affect our interests very considerably. Indeed, the position of journals 
like our own, which are largely concerned with scientific matter 
derived from foreign journals, to which our own Journal is equally 
accessible, had apparently not been considered by the promoters 
of the measure. Representations made to Lord Monkswell’s com- 
mittee, as the result of the consideration which was given to the 
subject by our Publieation Committee, and by committees of societies 
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similarly affected, led to modifications in the Bill which largely, if not 
entirely, removed our objections, The measure, however, was not 
proceeded with in the Commons, and of course lapsed with the disgo- 
lution of Parliament. But it is to be reintroduced, I understand, 
during the present Session, and in its new form may need to be recon- 
sidered by the Society. 

As regards the Library, it appears that 810 books have been issued 
to Fellows during the last year, as against 790 during the previous 
year. The additions during the last year have been 102 books, 327 
volumes of periodicals, and 30 pamphlets, as against 114 books, 397 . 
volumes of periodicals, and 24 pamphlets in the previous year. Fifty. 
nine of the books have been presented by authors, publishers, and 
others. 

A number of books and periodicals not bearing in any way on the 
work of the Society have been removed from the Library. Some pro- 
portion of these have been offered to, and accepted, by the British 
Museum, arid the remainder will be disposed of either by presentation 
to kindred societies or by sale. 

The books belonging to the Society are now distributed through 
various rooms in the building, not only in the Library proper, but also 
in the Tea Room, in the Council Room and in the Secretary’s office, 
It is a matter of some anxiety to the Library Committee to make pro- 
vision for the inevitable and necessary growth in the number 
of our books, and at the present rate of increase in our collec 
tion—and it is difficult to see how this can be greatly diminished—the 
time is not far distant when the whole of the available shelf-room 
will be occupied. From a careful measurement made for me by the 
Assistant Librarian, it appears that we at present possess 1786 
feet of shelving, of which 1623 feet were occupied at the end of 1900. 
Some portion of this shelving already bears two rows of books, but it 
appears that little, if any, space can be gained by “ backing,” or by 
rearranging the position of the shelves in the cases. We have there- 
fore not more than about 165 linear feet of shelf-space left in all the 
rooms together, and this, at our present rate of accumulation of 
books, will be wholly occupied within the next 2} years. The matter 
will no doubt soon require to be considered by the Library Committee. 
T am informed that the only other available storage place for books is 
the room adjoining the Meeting Room, hitherto known as the Prepara- 
tion Room, and which to fit up as a library will need very consider- 
able structural rearrangement. ‘ 

On the last occasion I made reference to the fact that the condition 
of the Library Catalogue had received the attention of the Library 
Committee, and that on their reccommendation the Council had 
decided that a new Catalogue should be prepared upon 4 plan 
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suggested by the Committee. It is now within sight of completion. 
The Author catalogue is finished, and consists of 4713 book entries 
and 1586 entries of pamphlets. The subject index is sufficiently 
advanced to allow of an estimate being made of its size ; it will pro- 
bably contain 5500 entries. The volume when printed will amount to 
about 360 pages. An estimate for printing is now in course of prepar- 


ation. 

The question of altering the day and hour of the Ordinary Meetings 
has recently been brought under the consideration of the Fellows. The 
expediency of making a change has been suggested on more than one 
occasion, and in fact the past records of the Society’show that the 
Council have made alterations from time to time in the day of meeting 
on good cause shown, although, as might be anticipated, such changes 
have been invariably resisted by a minority. The Ordinary Meetings 
were originally on Tuesdays; the day was subsequently altered to 
Monday, and was changed to Thursday on the removal of the Society 
to its present quarters. 

As the present day and hour have been so long in vogue, the Council 
resolved, rightly, in my opinion, to deprecate any change unless it could 
be shown to meet with the distinct approval of the greater number of 
the Fellows. It was urged by those who advocated the alteration that 
a great change had come over the social life of London during the sixty 
years of the Society’s existence. A greater number of what used to 
be called the ‘resident’ Fellows now live in the suburbs which are 
extending in all directions, and are further and further removed from 
london proper. Moreover, it must not be lost sight of that the facilities 
for reaching town during recent years have so greatly increased that it 
seemed worth while toa inquire whether a rearrangement of the day and 
hour of the meeting might not render it possible for the country Fellows 
to attend in greater numbers than hitherto. No better way of testing 
the question seemed to present itself than that of placing a definite 
suggestion before the general body of the Fellows, and of inviting them 
to express an opinion. A Committee, consisting of the officers and 
nominees of the Council and of the Fellows appointed to examine the 
replies which were received, reported that of the 1900 cards issued to 
Fellows, exactly 1000 were returned as replies. Of these 581 were un- 
reservedly in favour of the change, namely, 256 London Fellows and 
$25 Country Fellows. 118 Fellows, whilst not voting unreservedly for 
thechange, said they offered no objection to it. 172 Fellows were un- 
reservedly opposed to the change. Of the 128 Fellows remaining, 88 
expressed no objection to the’change of day, but offered suggestions as 
tochange of hour, 3 suggested meeting at 3, 1 at 4, 1 at 4.30, 12 at 
5, 12at 6, 9 at 6.30, 10 at 7, 5 at 7.30, 15 at 8, and 2 at 8.30. 11 
suggested a later hour than 5.30 without particularising it, and 4 
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alternately 5,30 and 8, 24 Fellows suggested meeting on some other 
day than Wednesday or Thursday, namely, 2 on Monday at 5.30, 1 on 
Tuesday at 8, 14 on Friday, 10 of whom preferred 5.30. Of the remaip. 
ing 4, 2 indicated no preference as to hour, 1 suggested 8, and 1 sug. 
gested 8.30. 7 Fellows suggested various hours on Saturday afternoon 
or evening. 16 Fellows preferred Thursday, but suggested some other 
hour than 8, 11 suggested 5.30, 1 preferred 6, and 3 preferred 7, 1 sug- 
gested 8.30. 4 Fellows deprecated the change on the ground that 
it clashed with the present arrangements of the Society of Public 
Analysts. 

Analysing the voting cards of those Fellows who have contributed 
papers to the Society, 266 of whom have responded, 188 have voted 
for the change and 78 against it. 

In view of this expresson of opinion, the Council came to the con- 
clusion that it is desirable that the suggested change should be provision- 
ally tried during the coming session. The Ordinary Meetings of next 
session will therefore be held on the Ist and 3rd Wednesdays of the 
month at 5.30. It is suggested that the Fellows should have the 
opportunity of meeting for tea about half an hour before the time at 
which the chair will be taken. : 

Experience can alone decide whether the alteration suits the general 
convenience of the Society. 

For some time past our sister society in Berlin has had under con- 
sideration the desirability of establishing, with the co-operation of the 
various Chemical Societies in Europe and America, a uniform system 
of atomic weights. Professor Landolt, as chairman of the German 
Committee which initiated the suggestion, addressed an invitation to 
this Society to participate in the movement, and the Council appointed 
a small Committee to consider the question. On their report, it has 
been decided that we should take part in the formation of the Inter- 
national Committee suggested by the German Chemical Society, and that 
the delegates of this Society to the International Committee should be 
Professor Thorpe, Professor Tilden, Professor Dunstan, Dr. Scott, 
Professor Meldola, Sir William Crookes, Professor Dewar, and Dr, 
Russell. With a view of arriving, if possible, at a basis of agreement, 
or at least of narrowing the area of disagreement, the Committee, a 
desired, considered certain questions put before them by the German 
Chemical Society and it was decided to recommend 

(1) That O=16 be taken as the basis of calculation of atomic 
weights. 

(2) That in assigning a number as the atomic weight of any element 
only so many figures should be employed that the last may be regarded 
as accurately known to one unit in that figure, 

We have also concurred in the suggestion of the German Committee 
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that it would be desirable to form a small sub-committee of the inter- 
national body of delegates to settle details when agreement has been 
reached upon points of principle, and we have nominated Dr. Scott as 
the British member of this Committee. These decisions have been 
communicated to the German Committee, and steps are being taken to 
form the International sub-Committee with a view to the compilation of 
the uniform table of atomic weights suggested. 


In vacating the office to which, by your kindness, I was elected two 
years ago, it only remains for me to thank you for the consideration 
and forbearance which have been uniformly extended to me, not only 
during the term of my presidency, but also throughout the whole period 
of my official connection with the Society. This connection which, as 
a member of Council, as a Vice-President, as Treasurer, and, lastly, as 
President, has covered some 17 years, constitutes one of the happiest 
memories of my life. Those with whom I have worked have, I know, 
recognised with a generous appreciation that whatever may have been 
my shortcomings I have tried, to the best of my poor ability, to faith- 
fully discharge the trust and obligation imposed upon me. And of this 
Iam convinced, that whatever measure of success I may haye had— 
whatever measure of approval I may have gained—is to be ascribed to 
the constant kindness and sympathetic co-operation of those with whom 
it has been my good fortune to be associated. 


Dr. ARMSTRONG proposed a vote of thanks to the President, coupled 
with the request that he would allow his address to be printed in the 
Transactions. 

Prof. SmiTHELLS seconded the motion, which was carried by acclama- 
tion. 

The Presipent having returned thanks, 

Prof. TinpEn, F.R.S., the Treasurer, in giving an account of the 
Balance Sheet which he laid before the Society, duly audited, 
said :— 

The receipts had been :—By admission fees and subscriptions, 
£4290 ; by sale of Journal and advertisements, £880 12s. 9d. ; and by 
dividends on invested capital, £464 14s. 4d. The total receipts 
from all sources amounted to £5668 19s. 8d. The expenses had been: 
—On account of the Journal, £3512 9s. 1ld.; on account of the 
Proceedings, £250 15s.; on account of the preparation of a new 
Catalogue, £51 16s. 4d.; on account of the Library, £238 15s. 11d. ; 


- House expenses, £210 98. 1ld.; the total expenditure being £4832 


38. 9d. 


The TrrasurER, in concluding, proposed a vote of thanks to the 
auditors, which was acknowledged by Mr. Pace. 
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Prof. Emerson Reyno.ps, F.R.S., proposed a vote of thanks to the 
Officers and Council. 

Prof. Coutts, F.R.S., seconded the motion, which was unanimously 
adopted. Prof. Dunsran, F.R.8., responded. 

The Scrutators having presented their report to the President, he 
declared that the following had been duly elected :— 


President : J. Emerson Reynolds, D.Sc., M.D., F.R.S. 


Vice-Presidents who have filled the office of President: Sir F. A. Abel, 
Bart., G.C.V.O., K.C.B., D.C.L.,F.R.8.; H.E. Armstrong,Ph.D.,LLD, 
F.R.S. ; A. Crum Brown, D.Sc., LL.D., F.R.S. ; Sir W. Crookes, F.R.S. ; 
James Dewar, M.A., LL.D., F.R.S,; Sir J. H. Gilbert, Ph.D., LL.D, 
F.R.S. ; J. H. Gladstone, Ph.D., D.Se., F.R.S. ; A. Vernon Harcourt, 
M.A., D.C.L., F.R.S. ; H. Miiller, Ph.D., LL.D., F.R.S.; W. Odling, 
M.B., F.R.S.; W. H. Perkin, LL.D., Ph.D., F.R.8, ; Sir H. E. Roscoe, 
D.C.L., LL.D., F.R.S.; W. J. Russell, Ph.D., F.R.S. ; T. E. Thorpe, 
C.B., Ph.D., D.Se., LL.D., For.Sec.R.8.; A. W. Williamson, LLD,, 
F.R.S. 


Vice-Presidents: E. Divers, M.D., D.Sc., F.R.S.; C. E. Groves, 
F.R.S.; Prof. Herbert McLeod, F.R.S.; Prof. H. A. Miers, M.A., 
F.R.8S.; T. Purdie, Ph.D., F.R.S. ; T. Stevenson, M.D. 


Secretaries: Wyndham R. Dunstan, M.A., F.R.S.; A. Scott, M.A, 
D.Sce., F.R.S. 


Foreign Secretary : Raphael Meldola, F.R.S. 


Treasurer: William A. Tilden, D.Sc., F.R.S. 


Other Members of Council : H. Brereton Baker, M.A. ; F. D. Chatta- 
way, Ph.D., D.Sc.; Frank Clowes, D.Sc.; A. W. Crossley, Ph.D., 
D.Sc. ; A. KE. Dixon, M.D. ; Prof. J. J. Dobbie, M.A., D.Sc. ; H. J. H. 
Fenton, M.A., F.R.S.; M. O. Forster, Ph.D., D.Sc.; D. Howard; 
S. U. Pickering, M.A., F.R.S.; W. J. Pope ; James Walker, D.Sc. 
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OBITUARY NOTICES. 


EpMuND ATKINSON was born in 1831, at Lancaster, where his father 
carried on business as a pharmaceutical chemist. He was educated at 
the Lancaster Grammar School. After leaving school he entered his 
father’s business, and at the same time became a student of the old 
Mechanics’ Institute, in the working of which he took great interest, 
and in July, 1849, when only eighteen years of age, was elected a 
member of the committee of management. Shortly after this, he 
entered Owens College, then recently. founded, where the late Sir 
Edward Frankland, the fir stProfessor of Chemistry, was among his 
tutors. After going through a course of study, he proceeded to 
Germany, spending three years at the Universities of Marburg, Heidel- 
berg, and Gottingen, where he graduated as Ph.D., and then continued 
his studies under Adolphe Wurtz, in Paris. While working with Wurtz, 
he succeeded in considerably simplifying the preparation of acetate of 
glycol, a substance at that time of great interest, and “ Atkinson's 
process ” soon came into general use. 

After returning to England, he spent some time at Queenwood 
College, Hampshire, where he was associated_in the teaching staff 
with Tyndall, Hirst, and Debus. He then became assistant to the 
late Sir Benjamin Brodie, first in London and afterwards at Oxford. 
Subsequently he was appointed lecturer on chemistry and physics at 
Cheltenham College, and ranks as one of the earliest systematic 
teachers of these subjects in a large public school. From Cheltenham 
College, he passed on to the Royal Military College, Sandhurst, and 
afterwards to the Staff College, as Professor of Experimental Science. 

In 1887 he retired from his Professorship, but continued to live 
near the Staff College, and for many years took an important and 
useful part in local affairs. One of the services that he rendered to 
his neighbours was that of obtaining the official recognition of the 
change of the name of the locality from Cambridgetown to the more 
euphonious Camberley. 

He was elected a fellow of the Chemical Society in 1859, and was 
repeatedly a member of the Council. It was he who suggested that 
the Society’s memorial to Faraday should take the form of a lecture 
ship, to bear his name and to be held from time to time by a foreign 
man of science selected for the office by the Council. 

He was one of the founders of the Physical Society, and was, with 
short interval, treasurer of the Society from its foundation until s 
short time before his death. if 

Dr. Atkinson’s services to science by the translation of numerous 
French and German works, among which we may specially mention 
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Ganot’s “ Physics,” Helmholtz’s “‘ Popular Lectures,” Dubois’s “ Mag- 
netic Circuit,” and Mascart and Joubert’s “Electricity and 
Magnetism,” are well-known. For many years, too, he contributed 
to the Philosophical Magazine periodical reports on chemical 
papers published in France and Germany. Of late years, however, 
these have been superseded by the much fuller and more systematic 
Abstracts published by the Chemical Society. He had an intimate 
knowledge of German, such as is not common among Englishmen, even 
when they are chemists, and was remarkably well read in English, 
French, and German literature. His clear-sighted, but genial, common 
sense caused his counsel to be much sought after by his many friends, 
and his kindly humour made his advice as pleasant to receive as it 
was profitable to follow. 

Dr, Atkinson was married in 1869 to Mary Lang, daughter of 
Christopher Thomas, Esq., of Bristol. He died in May, 1900, after 
avery short illness, leaving four sons and two daughters. 


Siz Joun Conroy, Bart., was born in 1845. He was the grandson of 
the first baronet, who was Equerry to the Duchess of Kent. He was 
educated at Eton and Christ Church, taking, in 1868, a first class in 
the Final Honour Schools of Natural Science. Leaving Oxford in that 
year, he devoted much of his time to original research. He published 
his first paper in our Journal in 1873. He returned in 1880 to Oxford 
as Science Tutor at Keble College. In 1887 he became Science Tutor 
at Balliol, being elected to a fellowship three years later. He was 
elected to the Royal Society in 1891. His original work comprises 
papers on the borderland of Physics and Chemistry. He published in 
all sixteen papers, “On the dioxides of calcium and strontium” (this 
Journal, 1873), “On the polarisation of light by crystals of iodine” 
(Proc. Roy. Soc., 1876), “On the absorption spectrum of iodine” 
(Proc. Roy. Soc., 1876), “On light reflected from potassium perman- 
ganate crystals” (Phil. Mag., 1878), “On the distribution of heat in 
the visible spectrum ” (Phil. Mag., 1879), four papers on metallic 
reflection (Proc. Roy. Soc., 1879, 1881, 1883, 1884), “Spectrum of the 
light emitted by a glow worm” (Nature, 1882), “A new photo- 
meter” (Phil. Mag., 1883), “The amount of luminous and non-luminous 
radiation emitted by a gas flame” (Proc. Roy. Soc., 1889), “The 
amount of light reflected and transmitted by certain kinds of 
glass” (Phil. Trans., 1889), “The change in the absorption spectrum 
of cobalt glass produced by heat” (Phil. Mag., 1891), “ The refractive 
index of water at temperatures between 0° and 10°” (Proc. Roy. 
Soc, 1895). 

He was an ideal college tutor. His unfailing tact and real kindness 
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endeared him to all who knew him. Both his College and the 
University at large will feel his loss for many years to come. He 
died on December 15, 1900. By his will he left much valuable 
apparatus and a large sum of money for the benefit of the laboratory 
of the College which he had served so well. H. B. B, 


By the death of Sir Jonn Bennet Lawes, Bart., we have lost one 
who, for two generations, filled a conspicuous place in the world of 
chemistry and agriculture. He was born at the Manor House of 
Rothamsted, Herts, on December 28, 1814. His father, Mr. John 
Bennet Lawes, died when his son was eight years of age. The boy 
was sent to Eton, and afterwards to Brasenose College, Oxford, where 
he did not take a degree. He has described his youthful pursuits as 
‘“‘of a most desultory character” ; they included the performance of 
chemical experiments at home, to the natural disgust of his elders, At 
the age of twenty he entered on the personal management of the family 
estate, which included a farm of 250 acres. One of his first acts was to 
fit up one of the rooms in the house as a laboratory. His chief chemical 
friend and instructor at this time was Dr. Anthony Todd Thomson, 
Professor of Materia Medica at University College. The inspiration 
thus afforded naturally led to pharmaceutical work. Medicinal plants 
were grown at Rothamsted, with the object of isolating their active 
principles. Dr. Thomson’s process for making calomel and corrosive 
sublimate, by the combustion of mercury in chlorine gas, was started 
on a manufacturing scale in one of the barns belonging to the farm, 
but after some serious accidents was given up. The earliest experi- 
ments relating to agriculture began in 1837, plants being grown in 
pots with various manures. The pot experiments were continued in 
1838 and 1839, and led to the discovery of the manurial value of 
superphosphates. The first phosphate treated with sulphuric acid was 
the waste animal charcoal of sugar works; apatite and other phos 
phates were soon treated in a similar way. In 1840 and 1841, the 
experience gained in pots was confirmed by trials on a larger scale 
in the field. In 1842, a patent was taken out for the manufacture 
of superphosphate. 

The life work of Sir John Lawes divides itself at this point into two 
distinct branches. The manufacture and sale of superphosphate led 
him into a most successful career as a chemical manufacturer. The 
field experiments led, on the other hand, to the establishment and 

gradual development of the wonderful series of agricultural investiga- 
_ tions now connected with the name of Rothamsted. We will glance 
first at his work as a chemical] manufacturer, 


OBITUARY. 891 


The first chemical manure factory was established on Deptford 
Creek in 1843. The work soon outgrew the size of these premises, 
and, in 1857, 100 acres of land were purchased at Barking Creek, and 
asecond and much larger factory erected. The whole of the manure 
business was sold in 1872 for £300,000. 

Superphosphate was at first prepared from bones, bone-ash, waste 
animal charcoal, and apatite ; the use of Suffolk (crag) coprolites and 
of Cambridge (green sand) coprolites followed. The vast deposits of 
mineral phosphates in other countries have since taken the place of 
English coprolites, and superphosphate is now chiefly prepared from 
South Carolinan, Floridan, Algerian, and Belgian phosphates. The total 
imports of phosphates to Great Britain in 1899 amounted to about 
500,000 tons ; this would probably yield about 900,000 tons of super- 
phosphate. The manufacture abroad is on an equally large scale. The 
beneficial results which have followed the introduction of superphos- 
phate as an agricultural manure are incalculable. 

The manufacture of artificial manures was by no means the only 
enterprise in commercial chemistry conducted by Sir John Lawes. In 
1866 he became, unwillingly, the owner of the tartaric and citric 
acid factory at Millwall, and at once proceeded to develop the work 
with his accustomed energy. He sent Mr. Grosjean to Sicily in 

_ 1868, and started the manufacture of citrate of calcium at Palermo, 
the citrate being sent to England in place of boiled lemon 
juice. He introduced the manufacture of tartaric acid from wine lees, 
in place of the crystallised tartar previously employed, and had agents 
abroad to purchase lees from the wine-makers. By these, and a variety 
of other economies and improvements, he was able, not only to with- 
stand the powerful competition of Germany, but to increase the 
business till he became by far the largest producer of tartaric and 
titric acid in this country. Sir John Lawes was always ready to allow 
the publication of work done in his laboratories, and a number of 
papers by Warington and Grosjean, describing results obtained in 
the laboratory at Millwall, will be found in the Transactions of this 
Society, and in the Journal of the Society of Chemical Industry. Sir 
John Lawes had several other commercial ventures, including a large 
sugar estate in Queensland ; but we need speak here only of work 
having a chemical interest. 

We turn now to the agricultural investigations conducted at Roth 
amsted. While the commercial work was extending so rapidly in 
Iondon, the agricultural researches were developing as quickly at 
home. In 1843 Sir John Lawes engaged Dr. (now Sir) J. H. Gilbert, 
who had previously acted as assistant to Dr. A. T. Thomson, to assist in 
the management of these researches. The association of Lawes and 
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Gilbert as agricultural investigators continued for fifty-seven years, 
and was only terminated by the death of Sir John Lawes, 

Previously to the commencement of the Rothamsted investigations, 
the only systematic study of the problems of practical agriculture was 
that made by Boussingault, on his own farm at Bechelbronn ; his re. 
searches were of great value, but were not permanently continued, 
The work at Rothamsted has been carried on continuously to the 
present day, and thus the Rothamsted station is now the oldest of the 
existing agricultural stations. The earliest German station, that at 
Méckern, dates from 1852; and the first American station, that at 
Middletown, from 1875. There are now several hundred stations in 
Europe and America. It is to the work done at these stations that we 
owe the gradual creation of agricultural science. 

The development of the work at Rothamsted must now be noticed, 
In 1843 were commenced the systematic field experiments on turnips 
and wheat. The wheat field has grown wheat without intermission 
ever since, In 1847 the field experiments on beans commenced, and 
in 1848 those on clover, and on a four-course rotation, In 1851 the 
rotations of wheat and fallow, and wheat and beans were started. In 
1852 the field experiments on barley commenced. In 1856 those on 
grass land. In 1869 those on oats. In 1870 those on sugar beet. In 
1876 those on potatoes and mangel wurzel. In all, about forty acres 
were brought under experiment. The plan in every case was to grow 
the same crop year after year on the same land, both without manure, 
with farmyard manure, and with manures supplying nitrogen (as 
ammonium salts or nitrates), phosphates, and salts of potassium, 
sodium and magnesium in known quantities. The same kind of 
manure was applied every year to the same plot. The produce of 
each plot was carefully weighed, and at the laboratory the propor- 
tion of dry matter and ash was determined, while in selected instances 
the percentage of nitrogen was ascertained, and the plant ash was 
submitted to analysis. Later in the experiments the soil and subsoil 
of the plots have been subjected to chemical examination, and in the 
case of the wheat field the drainage waters from all the plots have 
also been analysed. Such, in few words, has been the scheme of the 
Rothamsted field experiments; the object in view has been to study 
the character of each crop, and to obtain statistics as to the influence 
of cropping and manuring upon the composition and fertility of the 
soil. Nowhere else have field experiments been attempted on such 4 
comprehensive scale. 

Experiments on sheep-feeding with various foods commenced in 
1848, In 1848—1850, ten animals—oxen, sheep, and pigs—-of various 
ages and condition as to fatness, were analysed ; the water, fat, nitro- 
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genous matter and ash in the several parts of the body being deter- 
mined. Subsequently the composition of the ash was ascertained. 
With the exception of the analyses of the bodies of pigs since 
made in America, these analyses still remain the only ones which 
have been attempted on farm animals. In 1850 an extensive series of 
pig feeding experiments were made, which greatly helped to prove 
the production of fat from carbohydrates, and showed the fallacy of 
reckoning the nutritive value of foods from the proportion of nitro- 
genous constituents which they contained. 

The old barn continued to be the only chemical laboratory at 
Rothamsted up to 1855. In 1854 a subscription was opened for a 
testimonial to Sir John Lawes, for his great services to agriculture; - 
the testimonial at his request took the form of a laboratory, which 
was opened at a-public gathering on July 19, 1855.* Large out- 
buildings have since been added for the storage of samples. In the 
new laboratory, the classical research on the assimilation of nitrogen 
by plants was carried out ; the whole of the experimental work of 
this research was conducted by Dr. E. Pugh. Here, too, the numerous 
exact analyses of plant ash by Richter were made; and here in later 
years the researches on nitrification by Warington were conducted. 
The laboratory has also been largely used for the botanical analyses 
of the hay grown by various manures in the permanent grass experi- 
ments. In recent years, the determinations of nitrogen and nitric 
acid in the soils and subsoils of the experimental fields have occupied 
a large share of the laboratory work. 

Investigations have also been conducted by outside workers on 
Rothamsted material, as the analyses of drainage waters by 
Voelcker and Frankland, and the recent laborious researches of Dyer 
on the amount and solubility of the phosphoric acid and potash in 
manured and unmanured soils of known history. 

Among the important investigations conducted by Sir John Lawes 
we must not omit to mention his work on the Royal Commission 
appointed in 1857, “To inquire into the best mode of distributing the 
sewage of towns, and applying it to beneficial and profitable uses.” 
Two members of this Commission, Lawes and Way, conducted for 
several years important experiments on sewage irrigation at Rugby: 
the investigation dealt with the quantity and composition of the grass 
matured with sewage, and its value as food for fattening oxen and 
nilking cows, including the composition of the milk obtained. The 
eluent waters from the irrigated fields were also analysed, and the 
formation of nitrates in large quantities was demonstrated. 


* Sir John Lawes’ characteristic speech on this occasion has fortanately been 
preserved, see Herts Guardian, July 28, 1855, or Gardeners’ Chronicle and Agri- 
tullural Gazette, July 15, 1871, p. 918. 
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Again, in 1863, the aid of Rothamsted was sought by the Govern. 
ment, the object in this case being to ascertain whether the malting 
of barley resulted in any increase of its value as a food. A con. 
siderable bulk of barley was divided into two lots, one of which was 
malted, and the loss in dry matter ascertained ; feeding experiments 
were then made, in which the nutritive effect of a given weight of barley 
was compared with that shown by the quantity of malt which could 
have been produced from it. The trials with oxen, sheep, and pigs 
were made at Rothamsted, and those with milking cows at Rugby. 
The full report was presented to Parliament in 1866. 

It is impossible to enumerate here the various reports on agricultural 
subjects which have issued from Rothamsted ; these have appeared in 
very various publications, the majority of them in the Journal of the © 
Royal Agricultural Society. Some of those communicated to the 
Chemical Society will be presently noticed. The collected Rothamsted 
reports now occupy ten volumes ; copies of these have been presented 
by Sir John Lawes to numerous Institutions in this country and 
abroad. We should also mention the annual “ Memoranda,” giving 
an account of the manuring and produce of the experimental fields, 
and intended primarily as a guide to visitors. In middle life, Sir John 
Lawes was a frequent contributor of short practical papers to agricul- 

_ tural newspapers, both English and American. He also occasionally — 
lectured to Farmers’ Clubs and Agricultural Societies. 

Sir John Lawes early formed the resolution of providing for the 
continuance of the work at Rothamsted after his own death, He 
made public mention of this intention at the opening of the new 
laboratory in 1855. When disposing of the manure business in 1872, 
he announced that he had set aside £100,000 as a permanent endov- 
ment of the Rothamsted Experiment Station. In 1889 the sum 
named was placed in the hands of trustees, and the future manage- 
ment of the institution was vested in a committee of nine members, 
nominated by the Royal Society, the Linnean Society, the Chemical 
Society, and the Royal Agricultural Society. As an example of 
private munificence for the furtherance of scientific investigation, the 
establishment, the maintenance, and the endowment of the Rothamsted 
Agricultural Experiment Station stands in this country without 4 
parallel. 

One provision of the trust deed should perhaps be noticed ; it directs 
that a person shall be sent occasionally to the United States to lecture 
on the results of the Rothamsted experiments. Four courses of 
these lectures have been already given by R. Warington, J. H 
Gilbert, H. E. Armstrong, and B. Dyer. 

The jubilee of the Rothamsted experiments was celebrated on July 
29th, 1893, the arrangements being made by the Royal Agricultural 
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Society. A meeting was held in front of the laboratory, the Minister 
for Agriculture (the Right Hon. Herbert Gardner) in the chair, 
Numerous addresses were presented to Sir John Lawes and to Dr. 
J. H. Gilbert by various public bodies, including one from the 
Chemical Society. Sir John Lawes also received his portrait painted 
by Herkomer, while Dr. Gilbert was presented with a piece of plate. 
A granite boulder with an inscription commemorating the fifty years 
of experimental work already accomplished was erected in front of 
the laboratory. Dr. Gilbert afterwards received the honour of 
knighthood from the Queen. 

The honours bestowed on Sir John Lawes in recognition of his 
labours as an investigator were very numerous. He was elected a 
Fellow of the Royal Society in 1854, and in 1867 one of the Royal 
Medals was awarded to him and Dr. Gilbert. In 1882 Mr. Lawes 
was created a baronet. The degree of doctor was conferred on him 
by the Universities of Edinburgh, Oxford, and Cambridge. In 1894 
the Albert Gold Medal of the Society of Arts was presented to Sir 
John Lawes and Sir Henry Gilbert “for their joint services to 
scientific agriculture, and notably for the researches which, through- 
out @ period of fifty years, have been carried on by them at the 
Experimenta] Farm, Rothamsted.” Foreign distinctions were equally 
numerous. He received a gold medal from the Imperial Agricultural 
Society of Russia. In 1881 the German Emperor awarded to Lawes 
and Gilbert a gold medal for agricultural merit. In 1893 Lawes 
and Gilbert received the Liebig Silver-Medal from the Bavarian 
Academy of Sciences. Sir John Lawes was elected a corresponding 
member of the Institute of France in 1879, and was a Chevalier du 
Mérite Agricole, and a member of many Societies. 

A few words must be said as to the relations between Sir John 
lawes and the Chemical Society. He was elected a Fellow in 1850 
and in 1862 became a member of the Council. His colleague, Dr. 
Gilbert, was a still earlier Fellow, and became a member of the 
Council in 1856. The work carried out at Rothamsted was chiefly 
concerned with the chemical aspects of agriculture, and was thus of 
the greatest interest to chemists. Feeling this, Sir John Lawes was 
in the habit of frequently inviting the members of the Council to 
Rothamsted during the month of June. In early days, when no rail- 
way had found its way to Harpenden, the chemists stayed at Roth- 
amsted for the night, and after a day spent in studying the experi- 
ments in progress, devoted the evening to equally welcome relaxations, 
and, according to a well preserved tradition, sometimes played at leap- 
frog round the lawn! It was remarked at the commencement of this 
notice that the work at Rothamsted has already extended through the 
lives of two generations ; this fact is brought vividly,before one when 
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memory recalls the scenes of these early visits. The present writer 
can look back to chemical parties at Rothamsted, including Graham, 
Brodie, W. A. Miller, Mathiessen, Williamson, Hofmann, De la Rue, 
and Warington, senior. : 

The communications of Rothamsted work to the Chemical Society 
include four lectures by Dr. Gilbert—“ The chemical statistics of the 
animal body,” May 21, 1855; “The composition of the animal 
portion of our food, and on its relations to bread,” Feb. 17, 1859; 
“The assimilation of nitrogen by plants,” March 5, 1863; “The 
composition, value, and utilisation of town sewage,” Feb. 1, 1866, 
Also a paper on the composition of wheat grain and its products in 
1857 ; and a more complete investigation on the composition of the 
ash of wheat grain and wheat straw in 1884. The composition of 
soils was dealt with in a paper in 1885. There are also eighteen 
papers in the Transactions on work done in the Rothamsted laboratory 
by various investigators. 

In conclusion, we must try to say a few words as to the man himself, 
the founder and inspirer of the work we have now described. It is 
almost needless to say that Sir John Lawes was a man of great 
physical vigour and untiring energy. When past 85 he still exhibited 
few of the infirmities of old age. He was a keen observer, and knew 
the experimental fields better than any of the Rothamsted workers, 
Not the fields only, but the birds and every living thing on the estate, 
The large amount of business he was able to get through was in no 
small degree due to his calm and cheerful temperament, which no 
disaster seemed to disturb. This quiet, self-contained temperament 
sometimes appeared as reserve or even shyness, and led to a reluctance 
to accept public positions or to take part in public functions ; but his 
work doubtless gained by this refusal to expend his energy on outside 
occupations. The reserve we have mentioned was, however, a mood 
rather than a character, and disappeared the instant he was appealed 
to by any scientific or benevolent question. To speak to him of agri- 
cultural science would at once open the storehouse of thought and lead 
to a discourse of ready eloquence, interspersed with shrewd observa. 
tions and humorous remarks. 

Sir John Lawes was an enthusiastic investigator of agricultural 
problems, with the consideration of which his mind seemed to be con 
tinually occupied. His view of all questions was broad and states 
manlike, and he was cautious of adopting untried theories or recom- 
mending a new practice to farmers, Having farmed his own land all 
his life, he knew what was practicable for a farmer, and what were 
the necessary conditions of profitable work. With regard to his own 
achievements, no one could be more modest. He seemed without 
personal ambition. He rejoiced that the agricultural investigations 
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prospered, and looked forward to their growing in importance, but he 
was ever ready to ascribe their success to the workers whom he had 
gathered round him. Whatever may be the future of the Rothamsted 
experiments, the original mind cannot but be greatly missed. Teeming 
with suggestions and fresh views, carefully criticising results, grasping 
atonce the practical bearing of each new fact, Sir John Lawes was 
throughout his life the inspirer and the best exponent of the 
Rothamsted experiments. 

We speak in these pages of Sir John Lawes as a scientific man, but 
the record of his life would be very incomplete without some reference 
to his efforts to benefit the agricultural labourers of his parish and the 
workmen of his factories, and his readiness to help in every good 
work, Allotment gardens, co-operative stores, schools, mission rooms, 
anda savings bank were all started and continuously supported by 
him. One instance of his personal service shall suffice. Finding that 
the poor people of Harpenden did not like that others should know 
the extent of their savings, he used to come down himself on Saturday 
evening to receive their deposits. This savings bank was started by 
him in 1856, and continued till the opening of the Post Office banks. 

Sir John Lawes died at Rothamsted after a short illness on August 31, 
1900, R. W. 


Stevenson Macapam was the second son of William Macadam, Burgess 
of Glasgow and delaine manufacturer in Kilmarnock, and was born in 
Glasgow in 1829. He received his first chemical instruction from his 
brother John at the Mechanics Institution in Glasgow, and afterwards 
proceeded to the University of Giessen, where he graduated as Doctor 
of Philosophy. On John leaving for Melbourne to take up the position 
of Professor of Chemistry in the newly started University there, Steven- 
son came to Edinburgh to occupy the position vacated by his brother of 
assistant to Dr. George Wilson. This post he held until Wilson became 
Professor of Technology in the University, when Macadam was appointed 
Extra-Mural Lecturer on Chemistry in the School of Medicine, 
Surgeons’ Hall, which post he held until the time of his death. 

Shortly after coming to Edinburgh, Stevenson Macadam was elected 
a Fellow of the Royal Society of Edinburgh and ever after took an 
active part in its work, contributing many papers as well as taking 
part in the general work of the Society. In 1856, he joined the 
Royal Scottish Sogiety of Arts, to which he contributed in all some 
44 papers and addresses, and was twice elected President. 

In the formation of the Society of Chemical Industry he took a part 
and was one of the founders. Several papers were communicated by 
him to this Society and appear in the journal, He was also one-of | 
the founders of the Institute of Chemistry. 
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His published papers cover a wide range. In his earlier days he 
gave much attention to the physical side of chemistry, and his papers 
on such subjects are numerous and at the time received much 
attention. One of the first physical papers -had_as its subject the 
physico-chemical properties of gases, in which he referred especially 
to the specific gravity, solubility, diffusion, and transpiration, as well 
as dialysis and absorption, of this state of matter. This paper was 
printed in 1851. In the same year, a paper appeared in the New 
Philosophical Journal on “A new theory of the central heat of the 
earth and the cause of volcanic phenomena,” as well as one on the 
‘Cause of the phenomena exhibited by the geysers of Iceland.” In 
1852 and 1858, papers appeared in the same journal on the “ General 
distribution of iodine,” in which it was proved that that element 
did not occur in the atmosphere, in rain water, and in snow, as had 
been maintained by M. Chatin in a paper read before the Academy 
of Sciences, Paris. Water supply also took up much of Dr. Macadam’s 
attention and led to the publication of many papers, not only on the 
subject of drinking waters and the sources of pollution, but also on 
the contamination of such by public works, &e. 

The Tradeston flour mill explosion in 1872 led to an inquiry in 
which Dr. Macadam took an active part, and during the investigation 
of the cause it was shown, not only that flour might be highly 
explosive, but that this property was shared by coal dust, sawdust, 
and other finely divided substances. 

In 1870, the Northern Lighthouse Board employed Dr. Macadam 
to investigate the illuminating properties of paraffin oil as well as the 
safety of such illuminant in lighthouses. This investigation proceeded 
until 1878, when, as the result of the work, all the Scotch lighthouses 
were illuminated by means of paraffin oil. 

The valuation of fuels, both solid and liquid, received much attention 
and many investigations, and reports were published by him on this 
subject. 

He conducted a large consulting practice, but yet found time for 
sport, and was a keen angler and otter hunter as well as a splendid 
walker and oarsman. 

He died in January, leaving a widow, two sons (both Fellows of this 
Society), and two daughters. 
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XCII.—The Chlorine Derivatives of Pyridine. 
Part VII. Some Condensation Products. 


By W. J. Seti, M.A., F.R.S., and F. W. Dootson, M.A., D.Sc. 


Ix Part III of this series of papers (Trans., 1899, '75, 979) a number 
of compounds were described as resulting from the action of dry 
chlorine on pyridine hydrochloride. Among these was a substance to 
which the empirical formula C,,HN,Cl,, was assigned, but no struc- 
tural formula was offered. The present communication deals with 
sme of the reactions of this compound, and the bearing which 
the results have on the constitution which should be assigned 
to it. 

(1) In the communication referred to above, it was stated that the 
substance interacts with water, forming hydrogen chloride, and a new 
compound, also insoluble in water, having the molecular formula 
(,,HON,Cl,. In order, if possible, to gain a clearer insight into the 
relationship between the two compounds, a quantitative examination 
of the interaction was made. In the result, there remained no doubt 
that the reaction takes place according to the equation : 


C,,HN,Cl,, + H,O = C,,HON,Cl, + 2HCl. 


With water at a higher temperature (120—130°), the substance 
darkens in colour, evidently decomposing, and in the liquid there is 
found 2-amino-3 : 4 : 5-trichloropyridine (Trans., 1900, '7'7, 771), held in 
slution by the hydrogen chloride also formed. 

When the substance C,,HN,Cl,, is crystallised sive ethyl alcohol, a 
similar interaction takes place, and the compound C,,HON,Ol, is 
deposited. 

The ready interaction with water and with ethyl alcohol, with the 
formation of an oxy-derivative, accompanied by hydrogen chloride in 
one case and alkyl chloride in the other, suggested the possibility 
that organic acids, for example, acetic or benzoic acid, might interact 
with formation of the acid chloride. This was found to be the case, a 
theoretical yield of benzoyl chloride being produced from benzoic acid. 
In the case of acetic acid, acetyl chloride was recognised as one of the 
products formed. 

The crystalline residual product of these interactions was identical 
in properties and composition with that left by treatment of the 
parent substance C,,HN,Cl,, with water. Hence the change may be 
thus represented : 


0,,HN,Cl,, + C,H,*CO,H = C,,HON,Cl, + C,H,-COC] + HOL ~ 
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This behaviour is remarkable, and, so far as we are aware, is the 
first recorded instance in which the acid chloride has been formed by 
the interaction of an acid with a purely organic substance. 

It may here be pointed out that, in the cases cited, the oxygen is in 
the OH condition. Ketonic oxygen does not appear to react under 
these conditions, inasmuch as the compound may be recrystallised 
unchanged from acetone. 

(2) When the substance C,,HON,Cl, is treated with a solution of 
sodium hydroxide and the resulting magma distilled in steam, a bulky 
crop of filamentous needles separates out from the distillate. This was 
found to be 2-amino-3:4:5-trichloropyridine (compare Part III, 
Trans., 1899, '75, 981 ; also Trans., 1900, '7'7, 771). 

(3) Interesting results were obtained by treating the substance with 
sulphuric acid containing approximately 80 per cent. of the acid. The 
experiments were made under varying conditions of time and tempera- 
ture. When the compound was merely dissolved in the acid ata 
temperature not exceeding 150°, and the whole poured into water as 
soon as solution had been effected, a white precipitate was obtained 
which on purification from acetic acid proved to have the composition 
C,,HO,N,Cl,. The filtrate from this precipitate, on addition of am- 
monia in excess, yielded 2-amino-3 : 4 : 5-trichloropyridine. 

It was, moreover, found that as the heating was continued for a 
greater length of time the yield of the substance C,,HO,N,Cl, dimin- 
ished and that of the 2-amino-3: 4: 5-trichloropyridine increased until, 
in the maximum, a theoretical yield of the latter was obtained. When 
the substance, after being brought into solution, was rapidly raised 
to the boiling point and boiled, the products obtained were penta- - 
chloropyridine, hydrogen chloride, and carbon dioxide. At the same 
time, the liquid remained perfectly colourless, and contained 2-amino- 
3: 4:5-trichloropyridine in solution, _ 

(4) When the compound C,,HN,Cl,, is heated alone under diminished 
pressure, it melts, and at a higher temperature decomposes, yielding 
chlorine and pentachloropyridine. Nothing of a crystalline character 
has so far been recovered from the residue. 

(5) A similar experiment was carried out with the substance 
C,,HON,Cl,, obtained from the parent compound by recrystallisation 
from acetic acid. In this case also, free chlorine was given off and 
pentachloropyridine distilled over. The experiment was stopped at 
an earlier stage than in the preceding one, and before complete 
decomposition had been effected. The residue, dissolved in acetie 
acid, on cooling yielded crystals melting at 225° and having the 
composition C,,HON,Cl,. 

(6) The same substance, O,,HON,Cl,, was also obtained by reduc- 
tion of the compound O,,HN,Cl,, by means of anhydrous stannous 
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chloride in acetone solution, and subsequent recrystallisation of the 
reduced product from acetic acid. 

From these facts, the following appear to be legitimate deductions. 

I. That the compound C,,HN,Cl,, consists of two pyridine nuclei 
linked by the 2-position of the one (which for reference may be callod 
the a ring) to the nitrogen atom of the other (4 ring) (compare 2 and 
3, above). 

II. That the hydrogen atom of the compound C,,HN,Cl,, occupies 
the 6-position in the a ring. 

Ill. That the 6 ring, since it is capable of yielding pentachloro- 
pyridine, must contain at least six chlorine atoms, as shown by the 
formula, 


The two additional atoms of chlorine contained in the molecule 
which are still unaccounted for in this formula are regarded as being 
united to the 6 ring for the following reasons. 

1, The oxy-derivative of the formula C,,HON,Cl, yields, on heating 
either pentachloropyridine, or a compound, C,,HON,CI,, according to 
the conditions of the experiment. The latter, with sulphuric acid, 
yields 2-amino-3 : 4 : 5-trichloropyridine, but cannot be made to yield 
pentachloropyridine by any of the reactions mentioned above. 

2. The compound C,,HO,N,Cl,, obtained by the action of sulphuric 
acid on the parent substance C,,HN,Cl,,, may be made to yield 2-amino- 
3:4: 5-trichloropyridine, but no pentachloropyridine. 

It may be observed that when decomposition takes place it has only 
hitherto been possible, in the same change, to isolate derivatives from 
one ring which throw any light on the constitution of the compounds, 
(the cleavage of the molecule following the line a or £), 


° a Bp 


Aina 
a7! b » 


as is shown in the quantitative experiments described later. The 
chief derivative of the a ring is 2-amino-3 : 4 : 5-trichloropyridine ; of 
the 6 ring, pentachloropyridine. It is possible, and even probable, 
that there are tautomeric forms of the compound. With this reserva- 
tion, the changes and formule described above may be represented 
in the following way (p. 902) : 

VOL. LXXIx. 3 Q 
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EXPERIMENTAL, 


Interaction with Water.—A quantity of the substance, C,,HN,Cl,,, 
weighing 0°7925 gram was heated on the water-bath with 50 c.c. of 
water for 3 hours and then filtered. The filtrate, after neutralisation 
with pure chalk, was found to require 29 c.c. of V/10 silver nitrate for 
complete precipitation. This indicates that, by interaction with water, 
100 grams of the compound give 13°35 grams of hydrogen chloride, The 


equation 

C,,HN,Cl,, + H,O = C,HON,Cl, + 2HCI 

requires the production of 13°53 grams of hydrogen chloride from 100 

grams of the compound. 
Interaction with Alcohol.—The parent substance, C,,HN,Cl,,, dis 

solved in boiling alcohol, on cooling deposited crystals melting # 

171—172° (uncorr.) which were analysed with the following results: 


0°5790 gave 0°5250 CO, and 00127 H,O. C=24:'73; H=0:24. 
02200 ,, 05870 AgCl. Cl=65-99. 
C,,HON,Cl, requires C = 24°82; H=0-21 ; Cl= 65°86 per cent. 


Interaction with Benzoic and Acetic Acids.—In the vase of benzoic acil 
2 grams of the acid were mixed with 10 grams, or rather more thi 
the theoretical quantity, of the chlorinated derivative, and the mixtur 
distilled from a metal-bath. The distillate, which weighed 2°3 gram 
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was almost pure benzoyl chloride, as shown by its boiling point and 
general properties, and was gradually resolved by interaction with 
water into a solid mass of crystals of benzoic acid. The residue left 
in the distillation flask was recrystallised from acetic acid and was 
found, by its melting point and general character, to be identical with 
the product formed by interaction of the substance ©,,HN,Cl,, with 
water or alcohol. The equation 


(,,HIN,Cl,, + O,H,"CO,H = 0,H,-COC] + 0,,HON,Cl, + HCl 


requires that 2 grams of benzoic acid should produce 2°3 grams of 
benzoyl chloride, so that the yield obtained is seen to be quantitative. 

When acetic acid was substituted for benzoic acid in the above 
experiment, a distillate was obtained from which acetyl chloride was 
isolated by fractionation. 

Interaction with Sodiwm Hydroxide.—Since the parent substance 
(,HN,Cl,, invariably yields the monoxy-derivative, C,,HON,Cl,, on 
treatment with water as shown above, the latter substance was used 
in this experiment. Ten grams of this material were treated with an 
excess of dilute sodium hydroxide (1 in 10) and distilled with steam 
util nothing further was carried over. The aqueous distillate on 
cooling deposited the calculated quantity of 2-amino-3 : 4 : 5-trichloro 
pyridine, recognised by its melting point (159—160° uncorr.), and a 
nitrogen determination. 


03827 gave 46°7 c.c. nitrogen at 19° and 764mm. N=14'11. 
C,;H,N,Cl, requires N=14-20 per cent. 


8o far, nothing crystalline has been isolated from the contents of the 
distillation flask. 

Interaction with Sulphuric Acid containing 80 per cent. of H,SO,— 
The first product of the interaction of sulphuric acid on the parent 
substance under the conditions tried is the compound C,,HON,Cl, in 
all cases. Ten grams of the latter were heated to incipient boiling 
with 100 c.c. of acid, but not boiled. Hydrogen chloride was freely 
evolved, and on cooling the mass was poured into several times its 
volume of water. The precipitate was collected, washed, and dried, 
and was found to weigh 1°6 grams. On recrystallisation from glacial 
wetic acid, this compound was obtained in large, lustrous cubes which 
melted at 146—147° (uncorr.), and furnished the following numbers 
on analysis : 

03149 gave 0°3195 CO, and 0:0067 H,O. C=27-73; H=0-23, 

02905 ,, 17-4 ¢.c. nitrogen at 17° and 759 mm. N=6-95, 

01546 ,, 0:3603 AgOl. Cl=57-66. 
¢,HO,N.Cl, requires C = 27-90 ; H = 0:23; N=6-51;C1=57°85 percent. 


The filtrate from the above, on being made alkaline with ammonia, 
3Q 2 
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deposited a bulky crop of filamentous needles, weighing 3-2 grams 
after washing and drying. These, on recrystallisation and subsequent 
analysis, proved to be 2-amino-3: 4 :5-trichloropyridine, melting at 
159—160° (uncorr.). A nitrogen determination was made, with the 
following result : 


0°2192 gave 27°5 c.c. nitrogen at 22° and 762 mm. N=14-25, 
C,H,N,Cl, requires N=14-20 per cent. 


On calculating the weight of the precipitategabove into the corre. 
sponding weight-of the material which was originally taken (1°6 grams 
corresponds to 1°8 grams), and subtracting this from the 10 grams 
used, it will be seen that 8-2 grams of the compound C,,HON,(l, 
underwent the more complete decomposition. This amount should 
yield theoretically 3:3 grams of aminotrichloropyridine, as against 3°) 
grams actually found. 

In a second experiment, 10 grams of the compound were heated 
with 170 c.c. of 80 per cent. sulphuric acid in a distillation flask 
immersed in a metal-bath, the temperature being gradually raised to 
160° and maintained there for 45 minutes. On cooling, the contents 
of the flask were distilled with steam until practically nothing further 
was carried over. From the aqueous distillate, 1‘3 grams of penta- 
chloropyridine were obtained by filtration. The contents of the distilling 
flask deposited nothing on standing for 24 hours, but on addition of 
ammonia yielded a crop of crystals of 2-amino-3 : 4: 5-trichloropyridine, 
which, after washing and drying, weighed 2°8 grams. The latter 
weight is the theoretical yield of aminotrichloropyridine from 68 
grams of the substance C,,HON,Cl, taken. The material not thus 
accounted for, 3:2 grams, should theoretically yield 1°6 grams of penta- 
chloropyridine, as against 1‘3 grams actually obtained. 

A further experiment, in which the interaction of sulphuric acid 
with the compound C,,HON,Cl, was studied, showed by its yielding 
2-amino-3 : 4: 5-trichloropyridine that the former is essentially 
derivative of the parent substance C,,HN,Cl,,, from which it has been 
obtained by reduction with stannous chloride and subsequent recrys- 
tallisation from acetic acid, as also by partial decomposition by heat 
of the hydrolysed product, C,,HON,Cl,. 

Influence of Heat.—The parent caumiinen C,,HN, Cl, was heated in 
a distillation flask with a wide delivery tube immersed in a metal-bath 
and under a pressure of 15—20 mm. Beyond melting, no change was 
observed to take place until the temperature of the bath reached 
230—240°, when an oil distilled over which solidified in the delivery 
tube. As the temperature of the bath approached 260°, the amount of 
the distillate increased, and the apparatus was full of chlorine. On 
every occasion at this stage a slight explosion was noticed, which wa 
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succeeded by an increased flow of liquid in the delivery tube. The 
temperature of the bath was slowly raised to 300°, when the experi- 
ment was stopped. 

The residue, which was light brown in colour and showed no traces 
of charring, was completely soluble in glacial acetic acid, imparting to 
itan intense greenish-yellow fluorescence, but nothing erystalline could 
be obtained from it. The distillate gave a very pure specimen of 
pentachloropyridine, identified by its melting point (124—125° uncorr.) 
and by a chlorine determination. 


01296 gave 0°3700 AgCl. Cl= 70°66. 

C;NCl, requires Cl= 70°51 per cent. 

A repetition of the above experiment in which the temperature of 
the bath was not allowed to exceed 270° led to precisely similar results. 

In view of the foregoing, it became of interest to examine the effect 
of heat on the oxy-derivative of the original substance. With this 
object, 20 grams of the compound C,,HON,Cl, were heated in a similar 
way, the condenser in this case containing crystals of potassium iodide 
moistened with water. The volatile products were the same, namely, 
chlorine (which, of course, reacted in part with the potassium iodide) and 
pentachloropyridine. The reaction was in this case stopped when the 
temperature of the bath reached 270° and the pentachloropyridine was 
sill coming over. The residue was recrystallised from acetic acid, and 
the first crop of-crystals, melting at 225—226° (uncorr.), was analysed, 
with the following results : 

05815 gave 0°6317 CO, and 00111 H,O. C=29°62; H=0-21. 

03405 ,, 08246 AgCl. Cl=59°82. 

C,HON,Cl, requires C= 29:07 ; H=0°25 ; Cl= 60°00 per cent. 

It is thus seen that the compound C,,HON,Cl,, obtained by incom- 
plete chlorination of pyridine hydrochloride (Trans., 1899, 75, 980) 
and by the reduction of the parent substance, C,,HN,Cl,,, by stannous 
chloride and subsequent crystallisation from acetic acid, may also be 
obtained by heating the oxy-derivative, C,,HON,Cly. 

Reduction by means of Stannous Chloride.—The compound C,,HN,Cl,, 
was dissolved in acetone containing an equal weight of anhydrous 
stannous chloride. The mixture, when heated on the water-bath in a 
relax apparatus, reacted energetically. The product obtained on 
dilution was recrystallised from acetic acid, from which it separated in 
tectangular prisms melting at 223— 224° (uncorr. ). A chlorine deter- 
uination furnished the following numbers : 

0:2098 gave 05050 AgCl. Cl=59-75. 

C,,HON,Cl, requires Cl = 60°00 per cent. 


University CHEMICAL LABORATORY, 
CAMBRIDGE. 


906 DORAN: THE ACTION OF LEAD THIOCYANATE ON THE 


XCIV.—The Action of Lead Thiocyanate on: the Chloro. 
carbonates. Part II.  Carboxymethyl- and Carb- 
oxyamyl-thiocarbimides and their Derivatives. 


By Rosert Extiorr Doran. 


In the Society’s Transactions for 1896 (p. 324, e¢ seg.), the author 
described the preparation and properties of carboxyethylthiocarbimide, 
and dealt with the further proof which it afforded of the generic 
character of the interaction, discovered by Miquel, which occurs when 
certain of the acidic chlorides are heated under suitable conditions 
with lead thiocyanate. The present communication is chiefly con- 
cerned with the homologous methyl compound, and as the methods of 
preparation were usually carried out in the same way as those 
described in Part I., briefer details will be sufficient. 

Preliminary experiments showed that there was no apparent sign of 
interaction when methyl chlorocarbonate alone was heated with lead 
thiocyanate, and only traces of a thiocarbimide could be detected 
when the mixture was diluted with benzene and’ again heated. 
When, however, a mixture of benzene and toluene was used as solvent 
for the chlorocarbonate, interaction took place fairly readily on heat- 
ing, and was completed, as a rule, after ten to twenty minutes’ boil- 
ing. Working on a larger scale, 20 grams of methy! chlorocarbonate 
were dissolved in a mixture of equal volumes of benzene and toluene, 
and added, in a flask, to a quantity of dry lead thiocyanate about one 
and a-half times that required by the equation : 


20H,0-COCI + Pb(SON), = 20H,0-CO-NOS + PbCl,. 


The flask was connected with a reflux apparatus, and the mixture, 
with frequent shaking, cautiously heated to boiling. Interaction set 
in rapidly, as was indicated by a change of colour in the liquid and in 
the lead salt, but brisk ebullition had to be maintained for upwards 
of twenty minutes before the liquid (now bright yellow), when cooled 
and allowed to clear by subsidence, was found to be free from chlorine. 
The lead chloride and unchanged thiocyanate were removed by filtra- 
tion, washed with benzene, and the filtrate further diluted with this 
solvent until, assuming an approximately quantitative yield, each 
c.c. should contain 0°5 gram of the thiocarbimide. From this solution, 
some of the derivatives to be described presently were prepared. It 
is desirable to note here that the yields of the thiocarbimide, as esti- 
mated from the yields of its derivatives, only approached that 
theoretically obtainable on one or two occasions. Much greater dif 
culty has, in fact, been experienced in getting complete interaction 
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between methyl chlorocarbonate and lead thiocyanate than between 
its ethyl homologue and the same salt. So far, the cause of this has 
not been ascertained, but it has been noticed occasionally that the 
formation of the thiocarbimide apparently stopped when rather less 
than half the chlorocarbonate taken had undergone change. No 
variation in the amount of solvent used, or in the relative proportions 
of its constituents, or the use. of toluene alone, with the object of 
getting a higher temperature, appeared to have any appreciable effect 
incompleting the interaction ; whilst the possible influence of mass 
and of surface coating of the thiocyanate was eliminated as far as 
possible, both by the use of a very large excess of the lead salt and 
by filtering off that partly acted on, replacing it by a fresh charge 
and reheating. An extended series of experiments was made with 
several of the other thiocyanates, those of silver, mercury, ammonium, 
and potassium being tried, and the last-named was the only one that 
gave anything like satisfactory results. It has been found that 
when methyl, ethyl, or amyl chlorocarbonate is diluted with dry 
benzene and allowed to stand in contact with dry, finely-powdered 
potassium thioeyanate, interaction commences at the ordinary tem- 
perature on the third or fourth day (when the clear liquid’ becomes 
faintly yellow and gives a slight but distinct black precipitate with 
ammoniacal silver nitrate), and continues until, after a period of two 
to three months, it approaches completion. Unfortunately, however, 
whilst there is still unchanged chlorocarbonate present, decomposition 
sets in, accompanied by the formation of mercaptans, chlorides, carbon 
dioxide, and an amorphous, orange-yellow solid, insoluble in water, 
which has not yet been examined ; nevertheless the greater part of the 
chlorocarbonate used undergoes change in accordance with the 
equation : 
R0-COC] + KSCN = R’0:CO-NCS + KCl. 


Solutions of carboxymethylthiocarbimide obtained in this way have 
been used in the preparation of some of the derivatives to be 
described later. The action of heat appears to have little effect in 
increasing the rate at which the change takes place, unless the opera- 
tio is conducted under pressure, when, in two experiments made 
at the temperature of the water-bath, it resulted in decomposition 
with explosive violence, 

On account of the poor yields, and partly on account of the fairly 
complete examination of the corresponding ethyl compound (loc. cit.), 
no attempt was made to isolate carboxymethylthiocarbimide. Its 
properties, as determined in solution, in respect to its action on . 
desulphurising agents, and lack of any action on ferric chloride, are 
identical in every way with those of its homologue, EtO*CO-NCS. It 
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was found that the presence of upwards of 50 per cent. of unchan 
chlorocarbonate did not affect the preparation of the derivatives 
described, although of course it resulted in the simultaneous forma- 
tion of the urethanes and hydrochlorides corresponding to the indi- 
vidual amines used, as well as the required sulphuretted compound, in 
accordance with the general equation, 


MeO-COCIl + 2R’-NH, ='MeO-CO-NHR’ + R’-NH,,HCl. 


As the hydrochlorides thus formed are practically insoluble, and 
the urethanes usually freely soluble in benzene, whilst the thiocarb- 
amides and thioureas as a rule occupy a conveniently intermediate 
position, the separation and purification of the last, when obtained in 
sufficient quantity, were readily effected. 

Turning now to the derivatives themselves, it will prevent un- 
necessary repetition to state beforehand that they were all prepared in 
the same way, by adding the bases, dissolved in benzene or alcohol, to 
the benzene or benzene-toluene solution of the thiocarbimide, in the 
proportions required by the equation, 


R’-NH, + MeO:CO-NCS = MeO-CO-NH:CS-NH-R’. 


Interaction occurred immediately with development of heat, and 
usually with separation of a solid consisting of the required thiocarb- 
amide or thiourea, or mixtures of them with the hydrochloride of the 
base used, in those cases where the parent substance was not obtained 
free from unchanged chlorocarbonate, In all instances where no definite 
yield is mentioned, this condition prevailed in a greater or les 
degree. 


Aromatic Derivatives. 
ab-Carboaymethylphenylthiocarbamide, CH,0*CO-NH-CS:NH‘0,H,, 


—This substance was obtained from aniline and the thiocarbimide. 
When recrystallised from alcohol, it formed long, white needles melting 
at 158° without decomposition. On analysis: 


0'2008 gave 0°2248 BaSO,. S=15-39. 
C,H,,0,N.8 requires S= 15-25 per cent. 


The compound is freely soluble in hat, but only sparingly so in cold, 
alcohol or benzene, and is sparingly soluble in hot water. In alcoholic 
solution, it is readily desulphurised on warming with neutral silver 
nitrate, or on boiling with alkaline lead tartrate, and at once in the 
cold with alkaline silver nitrate. 

ab-Carboxymethylbenzylthiocarbamide, 

CH,O-CO-NH:CS:NH-CH,°C,H,. 
—Only a very poor yield of this derivative was obtained, and when 
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recrystallised from aqueous alcohol, from which it separated in tufts 
of needles, it melted at 134° without decomposition. 


0124 gave 0°130 BaSO,. S=14°41. 
C,)H,,0,N.8 requires S=14°3 per cent. 


It is freely soluble in hot, and moderately so in cold, alcohol or 
benzene, but is insoluble in water. Its alcoholic solution gives a white 
precipitate, blackening on heating, with neutral silver nitrate, an 
immediate black precipitate with the ammoniacal nitrate, and is 
slowly desulphurised on boiling with alkaline lead solution. 

ab-Carboxymethyl-o-tolylthiocarbamide, 

CH,0°CO-NH°CS-NH-C,H,°CH,. 
—The yield of the crude product amounted to 96 per cent. of the 
theoretical. The pure substance melted at 172° without decomposition. 


0'1999 gave 0°2092 BaSO,, S=14°38. 

C,,H,,0,N,S_ requires S=14°30 per cent. 

The compound is moderately soluble in hot, and sparingly so in 
cold, benzene or alcohol, separating from the former in needles and 
from the latter in feathery plates. It is insoluble in water. With 
desulphurising agents, it behaves like the phenyl derivative. 

ab-Carboxymethyl-p-tolylthiocarbamide, 

CH,0°CO-NH°CS:NH°-C,H,°CH,. 
—A 35 per cent. yield was obtained in the form of thick, short prisms 
melting at 158° without decomposition. 


0:20 gave 0°2101 BaSO,. S=14°44. 
C,,H,,0,N,8 requires S= 14-30 per cent. 


For all practical purposes, the properties of this compound are 
identical with those of the o-derivative. 
ab-Carboxymethyl-a-naphthylthiocarbamide, 
CH,0°CO-NH:CS:NH-C,,H,. 
—This compound crystallises from alcohol in tufts of long, flexible 
needles melting at 193° with copious effervescence. 


02212 gave 0°20 BaSO,. S=12°43. 
C,,H,,O,N.S requires S= 12°32 per cent. 


The substance is moderately soluble in hot, and sparingly so in 
cold, benzene, rather sparingly soluble in hot, and nearly insoluble in 
told, alcohol, and is insoluble in water. The behaviour of this and 
the following compound, with the usual reagents for the removal of 
sulphur, is practically the same as that of the tolyl derivatives. 

ab-Carboxymethyl-B-naphthylthiocarbamide, 

CH,0°CO-NH’CS-NH°C,,H,. 
—By recrystallisation from mixed alcohol and benzene, this compound 
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was obtained in microscopic needles melting at 184° with decom. 
position. . 


0°2014 gave 0°1822 BaSO,. S=12°43 per cent. 


It is freely soluble in hot, and moderately so in cold, benzene, 
sparingly soluble in hot, and nearly insoluble in cold, alcohol, and 
very sparingly soluble in hot water. 


Fatty Derivatives. 


ab-Carboxymethylmethylthiocarbamide, CH,0°CO-N H-CS:NH-CH,.— 
This compound was obtained in the form of fine, white needles melting 
at 146° without decomposition. 


02028 gave 0°3219 BaSO,. S=21°8. 
C,H,O,N,S requires S=21°63 per cent. 


It is moderately soluble in hot, and sparingly so in cold, alcohol, 
benzene, or water. Its alcoholic solution gives a white precipitate 
with neutral silver nitrate, which blackens on heating ; it is at once 
desulphurised by the ammoniacal nitrate, but only darkens slightly 
on prolonged boiling with alkaline lead solution. 


ab-Carboxymethylethylthiocarbamide, CH,O°CO*-NH-CS:NH‘C,H,, 
occurs in tufts of white, feathery needles melting at 86° without de. 
composition. 


0:203 gave 0°295 BaSO,. S=19:9. 

C;H,,0O,N,8 requires S=19-76 per cent. 

The compound is freely soluble in hot or cold alcohol or benzene, 
moderately so in hot, but sparingly so in cold, water, and is nearly 
insoluble in cold light petroleum. With desulphurising agents, it 
reacts like the preceding compound. 

ab-Carboaymethylisobutylthiocarbamide, CH,0°CO-NH-CS:NH‘C,H,, 
—This substance, of which only a very poor yield was obtained, crys- 
tallises from light petroleum in long prisms melting at 83° without 
decomposition. 


0°153 gave 0°1895 BaSO, S=17-02. 
C,H,,0,N.S8 requires S= 16°85 per cent. 


It is freely soluble in hot or cold aleohol or benzene, moderately so 
in hot, and only sparingly so in cold, light petroleum. It behaves 
like the methyl and ethyl derivatives with lead and silver salts. 

Carboxymethylthiourea, CH,O-CO-N:O(NH,)-SH.—On passing 4 
stream of ammonia through a quantity of the benzene-toluene solution 
of the thiocarbimide, vigorous action occurred, accompanied by the 
evolution of heat and traces of hydrogen sulphide. -A little solid 
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separated while the liquid was still hot, and on cooling 4 considerable 
crop of crystals was obtained which, when collected, washed with 
benzene and recrystallised, first from water and then from alcohol, 
from which it separated in short prisms, melted at 166° with copious 
effervescence, the gas evolved being apparently methyl mercaptan. 


0:20 gave 0°348 BaSO,. S=23°92. 
O,H,O,N,S8 requires S=23°89 per cent, 


The substance is moderately soluble in hot, sparingly so in cold, 
benzene, freely but slowly soluble in hot, and sparingly so in cold, 
alcohol, moderately so-in hot, and nearly insoluble in cold, water. Its 
aqueous solution is readily desulphurised by the usual reagents, and 
gives a very fine mirror of lead sulphide with alkaline lead tartrate. 


Trisubstituted Thioureas. 


Of these, three were prepared, from piperidine, and methyl- and 
benzyl-anilines, but only one of them, that derived from the first- 
named base, was obtained in quantity sufficient for satisfactory 
identification, 


Carboxymethylpiperidylthiourea, | CH,O-CO-N:C(SH):NC,Hyy.— 


The yield of the crude substance amounted to 11 per cent. of the 
theoretical When purified by recrystallisation, firstly from mixed 
benzene and light petroleum, secondly from the latter solvent alone, 
and thirdly from water, it melted at 97°. 


0205 gave 0°2355 BaSO,, S=15°8. 
O,H,,0,N,8 requires S=15°77 per cent. 


It is very freely soluble in benzene, alcohol, ether, chloroform, or 
acetone ; but only sparingly so in hot, and nearly insoluble in cold, 
water or light petroleum. Its alcoholic solution is not visibly affected 
by prolonged boiling with alkaline lead solution, and only darkens 
slightly under the same conditions with ammoniacal silver nitrate. 

Carboxymethylphenylsemithiocarbazide, 

CH,0°CO-NH-C(SH):N-NH-C,H,. 
—Vigorous action occurred when phenylhydrazine, dissolved in 
alcohol, was added to a benzene-toluene solution of carboxymethyl- 
thiocarbimide, A solid separated almost at once, and by recrystal- 
lisation from alcohol was eventually obtained pure in the form of 
White, glistening plates melting at 180°, and remelting at the same 
temperature, 


0:2078 gave 0-215 BaSO,. S=14-22 
C,H,,0,.N,8 requires S= 14°23 per cent. 


The substance is moderately freely but slowly soluble in hot, and 
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is nearly insoluble in cold, alcohol, sparingly so in hot benzene, and 
insoluble in water. Its alcoholic solution, with neutral silver nitrate, 
gives a white silver salt which blackens slowly on heating, and shows 
the usual reactions characteristic of a hydrazine derivative with 
copper sulphate and ferric chloride. 


* Thiocarbamates. 


Three of these were prepared by mixing an excess of the corre. 
sponding alcohols with a benzene solution of the thiocarbimide. They 
were obtained by allowing the benzene and excess of alcohol to evap- 
orate spontaneously, and were purified by recrystallisation from light 
petroleum in the case of the first two, and from aqueous alcohol in the 
case of the benzyl compound. In alcoholic solution, they all gave 
white silver salts, which blackened at once on heating, after the addi- 
tion of ammonia. 

Methyl Carboxymethylthiocarbamate, CH,0°CO-NH:CS:0:CH,.— 
White, feathery needles melting at 46°. 


0°2042 gave 0°3198 BaSO,. S=21°53. 
C,H,O,NS requires S= 21°49 per* cent. 
Ethyl Carboxymethylthiocarbamate, CH,O°CO-NH:-CS:O-C,H,.—Long 
needles melting at 83°. 
0°205 gave 0°296 BaSO,. S=19°85. 
C,;H,O,NS requires S=19°65 per cent. 
Benzyl Carboxymethylthiocarbamate, CH,0*CO-NH-CS-0-CH,:C,H,, 
—Tufts of fine, creamy-white needles melting at 103°. 


0°2084 gave 0°220 BaSO,. S=14°51. 
C,,H,,O,NS requires 14:24 per cent. 


In Part I of this communication, to which reference has already 
been made, it was shown, when dealing with the “constitution of 
nitrogen bases and isomerism,” that Seidel’s so-called ‘‘ethy] sophenyl- 
thioallophanate ” (J. pr. Chem., 1885, [ii], 32, 261) was identical with the 
author’s s-carboxyethylphenylthiocarbamide, and that Seidel’sstatement 
that the group RO-CO: was “negative” to R’CO, and could be expelled 
by it from compounds of the type specified, was incorrect. In fact, the 
very opposite was established in the case then under investigation, 
since it was found that carboxyethylphenylthiocarbamide remained 
unchanged after heating with a large excess of acetyl chloride, whilst 
the converse change was readily effected by heating acetylphenylthio 
carbamide with ethyl chlorocarbonate, 


NHPh NHPh 
OS<NHAc + EtOCOCl = OS<yaGo-or, + Ach 


CHLOROCARBONATES. PART II. 913 


the product being in every respect identical with that obtained by the 
direct union of aniline with carboxyethylthiocarbimide. Since this 
result was published, the author has prepared several other carboxy- 
ethyl derivatives by heating various acetylthioureas with EtO-COOl, 
and, in the course of the present investigation, has further established 
the positive character of the group R’O-CO, so far as the group CH,°CO- 
is concerned, by the following experiment. Five grams of methyl 
chlorocarbonate were added to 3 grams of acetylphenylthiocarbamide in 
a flask and the mixture heated on the water-bath under a reflux con- 
denser for 20 minutes, until all solid had disappeared. Acetyl 
chloride, hydrogen chloride, and traces of hydrogen sulphide were 
evolved just as in the experiment made with ethyl chlorocarbonate. 
The contents of the flask solidified on pouring out into a dish, and the 
slid matter, when freed as far as possible from a rather sticky 
mother liquor (containing acetyl chloride, methyl acetate, and un- 
changed chlorocarbonate), and purified by recrystallisation from 
alcohol, was obtained in fine, white needles melting at 157—158°, 
and giving on analysis, S= 15-34 per cent. (calc. S=15°25 per cent.). 
The interaction is represented by the equation : 


PhNH-CS‘NH:CO-Me + MeO-OOCI 
= PhNH-CS-NHCO-OMe + MeCOCI, 


Acetyl-o- and -p-tolylthiocarbamides give identical results under 
similar treatment ; in fact, the method is probably a generic one, 
whereby thiocarbamides and thioureas containing the group R’0-CO: 
may be obtained from the corresponding acetyl compounds. 

As disposing of all the work which he intends doing for the present 
with thiocarbimides derived from the chlorocarbonates of the fatty 
series, the author would briefly describe here the preparation and pro- 
perties of certain derivatives of carboxyamylthiocarbimide. 

The parent substance was obtained by slow interaction, at the 
ordinary temperature, between finely-powdered and well-dried potass- 
ium thiocyanate and carboxyamylchlorocarbonate dissolved in pure 
anhydrous benzene. The experiment extended over three months, air 
having access all the time through a capillary opening to the vessel 
in which it was made; but the admission of moisture was prevented, 
as far as possible, by a long column of calcium chloride in a drying 
tube, : 
At the end of this time, the clear solution (which left no appreciable 
solid residue on evaporation to dryness), whilst - desulphurising 
copiously with alkaline lead and silver solutions, still reacted rather 
strongly for chlorine; but as there were obvious indications that 
decomposition had commenced, the experiment was stopped, the liquid 
filtered from. the potassium chloride (formed in accordance with the 
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general equation already given) and excess of unchanged potassium 
thiocyanate. It was then divided into equal parts, and the following 
derivatives were prepared by adding the corresponding amines, in aleo. 
holic solution, until no further sign of interaction was observed. Very 
poor yields were obtained, but these were quite sufficient for satisfactory 
identification : 

ab-Carboxyamylphenylthiocarbamide, C,H,,0°-CO-NH-CS-NH-(,H,, 
—Fine white needles from light petroleum, melting at 97—98°, without 
decomposition. 


0°2036 gave 0°1790 BaSO,. S=12-08. 
C,,H,,0,N,8 requires S= 12-04 per cent. 


ab-Carboayamyl-o-tolylthiocarbamide, C,H,,0°CO-NH-OS:NH-(,H,, 
—This compound also crystallises in fine, white needles, closely 
resembling the phenyl derivative and melting at 96—97° without 
decomposition. 


0°2082 gave 0°1734 BaSO,. S=11°45. 
C,H »0,N,8 requires S= 11°44 per cent. 


Both these compounds gave the usual reactions with lead and silver 
salts characteristic of the class they represent. They are very freely 
soluble in benzene or hot alcohol, and moderately so in cold alcohol, 
from which they separate as oils on the addition of water, but are 
practically insoluble in cold light petroleum. 

An attempt was made to prepare carboxyamylthiourea by passing 
dry ammonia through another portion of the solution, and a white, 
crystalline product was obtained melting at 56—57°, which in alcoholic 
solution desulphurised with neutral and ammoniacal silver nitrate, 
and gave a mirror of lead sulphide on boiling with alkaline lead 
tartrate. The mean of two sulphur determinations was, however, 
S= 9-702 per cent., as against 16°85 required for CSN,H,°CO,°C,H),. 
The product is probably a mixture of this compound with amy] carb- 
amate, resulting from interaction between ammonia and the unchanged 
amyl chlorocarbonate present, but the quantity obtained was too small 
to permit of their separation. , 

The two fully identified derivatives furnish an interesting example 
of the effect of the introduction of the higher alkyl group (C,H, in 
place of C,H, or CH,) on the melting point, for whilst the differences 
between the melting points of the phenyl and o-tolyl derivatives of 
carboxymethylthiocarbimide and ecarboxyethylthiocarbimide are 14° 
and 22° respectively, in the present case there is only a difference of 1°. 
They are sufficiently close, in fact, to suggest, if without analytical 
data, the barely possible accident of using the same amine for both 
preparations. When mixed, however, in equal portions, the melting 
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point of the two compounds (96—97° and 97—98°) drops smartly 
to 84°. 

An attempt has been made to tabulate the melting points of the 
compounds described in this and the previous communication, and 
some interesting relationships have been observed, particularly 
amongst the isomeric thiocarbamides and thiocarbamates. 

The author does not intend to deal with this portion of his subject 
at present, but hopes shortly to lay before the Society an account of 
sme derivatives of ethoxalylthiocarbimide which have been prepared, 
and to extend the present research to the action of lead or other 
thiocyanates on phenyl chlorocarbonate. 


CHEMICAL DEPARTMENT, 
QUEEN’s COLLEGE, CoRK. 


XCV.—A Laboratory Method for the Preparation of 
Ethylene. 


By G, 8. Newrs. 


Taz common method for obtaining ethylene by means of alcohol and 
sulphuric acid, and all its attendant drawbacks of charring, frothing, 
and the simultaneous evolution of carbon dioxide and sulphur dioxide, 
are too weli known to require more than a passing allusion, Even 
when pure alcohol is employed, the trouble is only lessened, not 
removed. All these inconveniences, however, may be entirely obviated 
by the simple plan of substituting tribasic phosphoric acid for the 
sulphuric acid. 

The formation of phosphovinic acid, a compound analogous to sulpho- 
vinie acid, by the action of phosphoric acid upon alcohol, was observed 
by Lassaigne as far back as 1820 (Ann. Chim., 13, 294). 

The fact that under certain conditions ethylene is evolved by 
the action of phosphoric acid on alcohol was recorded by Pelouze 
(dun. Chim., 1833, 52, 37), who states that when the acid is very 
concentrated, having the consistency of thick syrup, and is mixed with 
me-fifth of its weight of alcohol, a brisk effervescence results, and 
there is produced a large quantity of ‘‘bicarburet of hydrogen” ; 
“oil of wine,” is also formed, and tle mixture, he says, becomes dark- 
coloured owing to the separation of carbon in the form of black flocks. 

Although, therefore, there is no new chemical decomposition 
involved in the process I am about to describe, so far as I am aware 
to one has previously developed a practical method for obtaining 
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ethylene in quantity based upon the action of phosphoric acid on 
alcohol. ; 
The process may be carried out as follows: About 50 or 60 eQ¢, 
of syrupy phosphoric acid of sp. gr. 1°75 are placed in a small Wurtz 
flask of about 180 c.c. capacity. The flask is fitted with a cork'carrying 
a thermometer and a dropping tube, the end of the latter being drawn 
out to a fine tube, and reaching to the bottom of the flask. Phosphoric 
acid of sp. gr. 1°75 boils at a temperature about 160°. It is heated in 
the flask and allowed to boil for a few minutes until its temperature 
reaches 200°, when ethyl alcohol is allowed to enter drop by drop. 
Ethylene is immediately disengaged,and by maintaining the temperature 
between 200° and 220° a continuous supply of the gas can be obtained 
even from so small an apparatus at the rate of 10 to 15 litres per 
hour. The gas should be conducted through a small Woulf’s bottle 
(100 to 150 c.c. capacity) standing in a vessel of ice, in which an 
aqueous liquid collects containing a small quantity of ether, unde 
composed alcohol, and traces of an oily liquid—presumably the s0- 
called “oil of wine,” referred to by Pelouze. The gas which passes 


on is practically pure ethylene, and contains no trace of carbon dioxide, 
and of course no sulphur dioxide, It is absorbed completely by fuming 
sulphuric acid. There is no charring or separation of carbon in the re- 


action flask, for although the liquid assumes a brownish colour, it remains 
perfectly clear. The mixture does not evince any tendency to “froth 
up,” hence the operation may be carried out in small vessels. The 
process appears to be continuous, and so long as the supply of alcohol 
is maintained, the operation will go on without attention for appar- 
ently an indefinite period. In one experiment, the action was allowed 
to continue for several hours a day for a whole week, during which 
time several hundred litres of ethylene had been generated by the 
same quantity, 50 c.c., of phosphoric acid. 

It is noticed that after a few days the glass vessel shows signs of 
being acted on by the phosphoric acid ; it is advisable, therefore, to 
protect the thermometer by wrapping the extremity of it in a strip of 
platinum foil. 

Ordinary methylated spirit may be used instead of pure alcohol, 
but in this case the ethylene will contain more or less methy! ether 
mixed with it, which, however, can be dissolved out by water. 

My experiments do not entirely confirm the results recorded by 
Pelouze ; that is to say, under no conditions do I obtain any depo 
sition of carbon. Even when alcohol is added to phosphoric oxide 
itself there is no indication of blackening, although there is a brisk 
evolution of ethylene. The gas which is given off under these ci- 
cumstances, however, always contains appreciable quantities of 4 
gaseous phosphorus compound, probably phosphine, which is readily 
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seen by passing the gas through silver nitrate solution. Whether the 
formation of this gas is due to the presence of impurities in the phos- 
phoric oxide or not is a matter which is still under investigation ; the 
immediate point is that even under these conditions no carbonisation 
takes place. 

Glacial phosphoric acid appears to be quite incapable of converting 
alcohol into ethylene under conditions which are in any way com- 
parable to those just mentioned. 


Preparation of Methyl Ether. 


By substituting methyl alcohol for ethyl alcohol in the foregoing 
process and maintaining the temperature between 200° and 210°, the 
gas which is evolved is practically pure methyl ether. Specimens of 
the gas collected over mercury were found to dissolve completely and 
rapidly in water. By passing the gas through a tube cooled to — 30°, 
it was wholly condensed to a colourless liquid which boiled at — 23°5°. 


Preparation of Propylene. 


By operating in a similar manner with propy] alcohol, propylene in 
a state of purity is readily obtained. When the normal alcohol is 
employed, the temperature necessary to bring about the reaction is 
about 250°, while with isopropyl alcohol the decomposition proceeds 
rapidly at 210°. 

As in the former case, the liquid products of the action were col- 
lected in a bottle cooled by ice or by ice and salt, whilst the gas was 
condensed in a tube immersed in a bath of solid carbon dioxide and ether. 
The liquefied gas was found to boil between —41° and —38°. The 
gas from this boiling liquid was passed into bromine, in which it was 
rapidly absorbed, yielding propylene dibromide boiling at 141°. The 
liquid products of the action were found to consist of an aqueous 
solution fof the alcohol employed, together with small and varying 
quantities of liquid hydrocarbons. 
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XCVI.—Condensation of Phenols with Esters of the 
Acetylene Series. Part V. Homologues of Benx- 


y-pyrone. 
By SrecrrieD RUHEMANN, 


As has been shown previously (Ruhemann and Stapleton, Trans,, 
1900, '7'7, 1179; Ruhemann‘ and Bausor, this vol., p. 470), the 
esters which are formed by the interaction of the sodium derivatives 
of phenol and the cresols may be condensed to benzo-y-pyrone (1 :4- 
benzopyrone) and its homologues. The extension of this research 
to thymol and carvacrol is recorded in this paper. With regard 
to the nomenclature of the benzopyrone compounds, I follow M. M. 
Richter’s plan, in which the numbering of positions starts with the 


oxygen atom of the pyrone ring. 
C,H,°C:CH’CO,°C,H, 


Ethyl B-Thymoxycinnamate, 2 f C,H, <a a ; 

This compound is formed by dissolving sodium (1 at.) in an excess 
of hot thymol and adding to the hot dark solution ethyl phenylpro- 
piolate (1 mol.). The reaction takes place with development of heat, 
and the product, when allowed to stand, solidifies to a dark resin. This 
dissolves on being agitated with dilute sulphuric acid and ether; 
the ethereal layer is then shaken with potash to remove the excess 
of thymol, and the ether evaporated. The dark residue which 
remains behind, on distillation in a vacuum, yields a yellowish, very 
viscous oil which boils at 218—219° under 12 mm. pressure. On 
analysis : 


0:2074 gave 0:5930 CO, and 0°1384 H,O. C=77:97; H=7-4l. 
C.,H,,0, requires C=77-78 ; H=7-40 per cent. 


B-Thymoxycinnamic Acid, C,H,*C[O-C,H,(CH,)*C,H,]:CH°CO,H— 
The ester is hydrolysed when boiled with alcoholic potash for 3 hours 
on the water-bath. On adding dilute sulphuric acid to the alkaline 
solution after evaporation of the alcohol, the thymoxycinnamic acid 
is precipitated in the form of a resinous product which solidifies on 
standing, and crystallises from dilute alcohol in colourless prisms. 
These begin to decompose at 130°, and at 138° melt with evolution of 
gas; they are insoluble in water, but dissolve readily in alcohol or 
ether. §-Thymoxycinnamic acid shows the same behaviour as its 
lower homologues ; sulphuric acid does not effect its condensation to 
a derivative of 1:4-benzopyrone. On analysis : 


S., 
she 
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0:2055 gave 0°5738 CO, and 0°1252 H,O. C=77:12; H=6°77. 
C,5H,0, requires C= 77-03; H=6-76 per cent. 


The silver salt, obtained as a white precipitate on mixing the solution 
of the acid in ammonia with silver nitrate, is insoluble in water and 
melts at 100°. For analysis, it was dried in a vacuum over sulphuric 
acid. 

04675 left, on ignition, 0°1245 Ag. Ag=26°63. 

C,,H,,0,Ag requires Ag = 26°53 per cent. 


C,H, v1 


CH, . 


a) 
B-Thymoaystyrene, Oe FOC SS 


2 


On heating #-thymoxycinnamie acid, it loses carbon dioxide and 
yields B-thymoxystyrene. This distils at 177—178° under 10 mm, 
pressure as a colourless oil with a pleasant aromatic odour, and at 
14°/14° has the density 0:9925. After standing for several weeks, it 
solidifies to a mass of crystals which melt at 26° and are very soluble 
in alcohol or ether. On analysis : 


01967 gave 0°6170 CO, and 0°1405 H,O. C=85'55; H=7-93, 
C,,H,,0 requires C = 85°71 ; H= 7°94 per cent. 


Action of the Sodium Derivatives of Thymol and Carvacrol on Ethyl 
Chlorofumarate. Ethyl Thymoxyfumarate, 
CH, 
ie CH-CO,*0,H;, 
\ /_O—-€:00,°0,H; 
C,H, 


The union of thymol with ethyl chlorofumarate takes place with 
development of heat when the unsaturated ester (1 mol.) is carefully 
added to the solution of sodium (1 at.) in an excess of thymol. The 
greenish, viscous product which is thus formed is allowed to stand 
overnight, and, after adding water and a little sulphuric acid, is ex- 
tracted with ether. The ethereal solution is thei freed from thymol 
by repeatedly shaking it with potash, the ether evaporated, and the 
residue distilled in a vacuum. The ester is a yellowish oil which boils 
at 194° under 10 mm. pressure, and at 14°/14° has the density 1-0493. 
On analysis : 


01997 gave 0-4940 CO, and 01372 H,O. C=67:46; H=7°63. 
C,,H,,0, requires C= 67°50 ; H=7:50 per cent. 


Thymoryfumarie Acid, C,H,"(CH,)C,H,*0"C(00,H):CH-CO,H.— 
3 .R 2 
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This acid is formed from the ester by boiling it with alcoholic potash 
for about 3 hours. After the alkaline solution has been: freed from 
alcohol by distillation on the water-bath, water is added to the residue, 
and the solution acidified with dilute sulphuric acid. The solid which 
is thus precipitated, crystallises from hot dilute alcohol in yellowish 
needles which melt, not quite constantly, at 215° with evolution of 
gas, and are scarcely soluble in water. On analysis: 


0°2010 gave 0:4680 CO, and 0°1115 H,O. C=63°50; H=6'16, 
C,,H,,0,; requires C= 63°64 ; H=6-06 per cent. 


5-Methyl-8-propyl-1 : 4-benzopyrone-2-carboxylic Acid, 


Thymoxyfumaric acid dissolves in cold concentrated sulphuric acid, 
forming a dark red solution. After standing for 24 hours, this is 
gradually poured into ice-cold water, when a white precipitate is 
formed which filters with difficulty, and crystallises from dilute alcohol 
in colourless, lustrous plates. These melt and decompose at 245°, and 
are freely soluble in alcohol or ether, but almost insoluble in water. 
On analysis : 

0°2003 gave 0°5015 CO, and 0°1060 H,O. C=68-28 ; H=5'88, 

C,,H,,0, requires C= 68°29 ; H=5°69 per cent. 

The benzopyrone itself, which is formed on heating the acid, has 

not been further examined. 


C,H, 
Ethyl Carvacroxyfumarate, | ea 00,°C,H,, 


a a C,H, 


Sodium (1 at.) readily dissolves in an excess of hot carvacrol ; on 
adding ethyl chlorofumarate (1 mol.) to the brown solution, heat is 
developed and the colour changes to green. The product is allowed 
to stand overnight, and, on proceeding as in the previous cases, the 
ethyl carvacroxyfumarate is obtained as a yellowish oil which distils 
at 206° under 14 mm. pressure, and at 14°/14° has the density 
10445. On analysis : 


02030 gave 0°5020 CO, and 01373 H,O. C=67-44; H=7°l. 
C, ,H,,0, requires C=67°50 ; H=7-°50 per cent. 
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The acid, C,H,(CH,)C,H,-O-C(CO,H):CH-CO,H, obtained from the 
ester on hydrolysis with alcoholic potash, is precipitated from the 
alkaline solution by means of dilute sulphuric acid as -an oil which 
gradually solidifies. Itcrystallises from dilute alcohol in yellowish 
plates which melt at 175° with evolution of gas, and are readily 
soluble in alcohol or ether, but only sparingly so in water. On 
analysis : 

01945 gave 0°4543 CO, and 0°1060 H,O. C=63°70; H=6-05. 

C,,H,,0, requires C= 63°64 ; H=6°06 per cent. 


5-Propyl-8-methyl-1 : 4-benzopyrone-2-carboxylic Acid, 


Carvacroxyfumaric acid dissolves in cold concentrated sulphuric 
acid, forming a red solution which, after standing overnight, ‘is 
poured into cold water, when a white solid is precipitated ; this erys- 
tallises from hot dilute alcohol in colourless prisms which melt and - 
decompose at 237—-238° and are readily soluble in alcohol or ether. 
On analysis : 


0'2028 gave 0°5082 CO, and 0:1095 H,O. C=6834; H=6-00. 
C,,H,,0, requires C= 6829 ; H = 5-69 per cent. 


5-Propyl-8-methyl-1 : 4-benzopyrone, | 


This compound is obtained by heating the acid; it distils as a 
yellowish oil which gradually solidifies. The solid contains, besides 
the benzopyrone, a small quantity of the acid, from which it is 
freed by shaking the ethereal solution of the distillate with potash, 
Qn allowing the ether to evaporate at the temperature of the room, 
the benzopyrone crystallises in colourless prisms which melt at 
59-60. On analysis : 


02060 gave 0:5840 CO, and 01292 H,O. C=77:31; H=6-97. 
C,,H,,0, requires C= 77:23 ; H=6-93 per cent. 
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Propylmethyl-1 :4-benzopyrone has a pleasant odour and freely 
dissolves in alcohol or ether, but is insoluble in water ; its solution in 
concentrated sulphuric acid has a faint greenish fluorescence. 


GONVILLE AND Caius CoLLEGE LABORATORY, 
CAMBRIDGE, 


XCVIL—The colloid form of Piperine, with especial 
reference to its Refractive and Dispersive Powers. 


By Heyry G. Mapay, M.A. 


PrPERINE, the alkaloid extracted from pepper by digestion with alcohol, 
appears to have attracted what little attention has been bestowed upon 
it rather from its chemical than from its physical properties. Wacken- 
roder, however (quoted by Gmelin, Handbook of Chemistry, 15, 18*), 
observed that the crystallised substance, after being melted, solidified 
on cooling into a resinous, strongly refracting mass. More recently, 
this resinous form of piperine has been tried as a material for mount- 
ing objects for examination under the microscope, but it has not been 
found satisfactory, partly from an apparent want of permanency, but 
mainly because it is found to interfere with the definition of objects 
immersed in it. The reason of this will be evident from what is said 
in the latter part of this paper with reference to its dispersive power. 

It seemed desirable, in the first place, to ascertain the exact conditions 
under which crystalloid piperine is converted’ into colloid piperine, and 
vice versa. For this purpose, some of the ordinary substance, crystal- — 
lised in monoclinic prisms, was placed in a beaker, and the latter was 
placed in an oil-bath maintained at a temperature of 180°. The crystals 
melted at 132°, and as soon as the whole was fully liquefied a portion 
of it was poured off upon a glass plate and marked “A.” The beaker 
was replaced in the oil-bath and further heated. As soon as its con 
tents had reached the temperature of the bath, namely, 180°, they were 
poured off upon another glass plate and labelled “ B.” 

In both cases, A and B, the substance solidified to a light yellow, 
transparent resin (the colour of B being rather darker than that of A), 
without any sign of crystallisation. When cold, the mass was tough 
and slightly “ tacky,” receiving a faint indentation from the finger- 
nail. A small portion was detached from specimen A and heated 
slowly on a water-bath. At a temperature just below 100° it quickly 


* The original paper appeared in Archiv. des Apothekerverein im nérdlichen Deutsch- 
land, von Rud. Brandes, 37, 349 ; a reference which I have not been able tu verily. 
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lost its transparency, becoming a light yellow, nearly opaque mass 
resembling sulphur, which under the microscope was seen to consist of 
a network of interlacing crystals. This, when further heated, under- 
went-no apparent change until the usual melting point, 132°, was 
reached, when it fused in the ordinary way and solidified as before into 
a transparent resin on cooling. The process of reheating and cooling 
was repeated more than once, with the same results. 

A portion detached from specimen B was treated similarly and 
behaved in a precisely similar way. 


The remainders of the preparations A and B were set aside undera, — 


bell-jar and examined from time to time. In about ten days, yellow, 
sulphur-like spots began to appear on the surface of A, and a little 
later in the interior of the mass also. These, when examined under 
the microscope, were found to consist of tufts of prismatic crystals, 
forming a very beautiful object in polarised light. They gradually 
extended, with the ultimate result that in about three months the sur- 
face was covered, and in about six months the whole mass had reverted 
to the crystalline condition. 

With regard to preparation B, the same gradual change took place ; 
perhaps rather more tardily than in the case of A, but with the same 
ultingate result. 

Several similar sets of experiments have been made, which have only 
served to confirm the above observations. 

It would appear, therefore, (1) that at a temperature only slightly, 
if at all, above its melting point crystalloid piperine is converted (for 
the most part, at any rate) into the colloid condition; (2) that the 
latter condition, when thus prepared, is not permanent, but reverts 
spontaneously, after the lapse of a moderate time, and quickly when 
exposed to a temperature of 100°, to the crystalloid form. 

The closely analogous behaviour of sulphur will be at once recalled 
tomind. It is well known that octahedral sulphur (S.), when heated 
to a temperature of 160° or higher, changes into the colloid form 
known as “plastic sulphur,” or “Sy,” and that the latter, although it 
can be retained as such for a time by rapid cooling, reverts spon- 
taneously in the course of a few days, and quickly when heated toa 
temperature a little below the usual melting point, to the original 
crystalloid form, S,. A further important point bearing on these 
changes was observed by Frankenheim (J. pr. Chem., 1840, 16, 7), and 
also by Deville (Ann. Chim. Phys., 1856, iii], 47, 111), namely, that 
during the heating of sulphur, at a certain point (or, perhaps, more than 
one point) of temperature a large amount of kinetic energy, supplied 
in the form of heat, is transferred to the sulphur molecules, in 
Which it is stored up as some form of statical energy essential to 

the existence of the plastic condition. (In the phraseology of the 
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older physicists, ‘‘a large amount of heat becomes latent.”) This 
energy reappears in a kinetic form (that of heat) when S, changes 
back into S,. To quote one proof of the latter fact, Deville, experi- 
menting with a mass of a kilogram or more of sulphur heated to 
200°, and allowed to cool under uniform conditions, found that while 
the mass cooled from 170° to 165° in 50 seconds, and from 140° to 
135° in 70 seconds, it took no less than 104 seconds to cool from 155° 
to 150°, and 125 seconds to cool from 150° to 145°, the endothermic 
supply serving to arrest the fall in temperature due to loss of heat by 
radiation and convection. Similarly, when a mass of sulphur was 
exposed to a uniform source of heat, the temperature did not rise at 
a uniform rate, but slackened while the transfer of energy to the 
molecules was taking place. 

Now, it seemed very probable that something of the same kind 
might occur in the case of piperine, and that a prolonged continuance 
of the supply of heat might be necessary to ensure the complete con- 
version of the crystalloid into the colloid condition. The following 
experiments were made with the view of ascertaining whether this was 
the case. 

Some crystallised piperine was placed in a beaker immersed in an 
oil-bath maintained at a constant temperature of 180°. When the 
liquefied substance had attained the temperature of the bath, a small 
portion was poured off on to a glass plate, labelled “C,” and reserved 
for comparison. The remainder was maintained at 180° for one hour, 
near the end of which time it became slightly viscous. The colour 
also darkened to a full yellow (orange in thick layers), probably owing 
to the separation of a trace of carbon at the high temperature, since 
at 200° a perceptible amount of decomposition takes place. At the 
expiration of an hour, the whole was poured off and allowed to cool on 
a plate labelled ““D.” When it was cold, a small piece was broken off 
and gradually heated on a slip of glass. It did not crystallise at 100°, 
nor did it undergo any change until the usual melting point (132°) 
was reached, when it became viscous, but did not attain sufficient 
fluidity to be poured out until the temperature reached 170° or nearly 
so. It was allowed to cool and again heated, and this was repeated 
three or four times, but not a trace of crystallisation was observed. 
A portion of the preparation “C,” when treated in the same way, 
became crystalline at 100°, like the preparation “B” already. 
described. The remainders of both preparations, “C” and “D,” 
were kept under a bell-jar and examined from time to time. 

These experiments were made in October, 1898, and in about a fort- 
night “C” was spotted with yellow; it passed altogether into the 
crystalline condition in about the usual time—six months. No 
change whatever was noticed in preparation “D,” although its surface 
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was scratched to promote crystallisation if possible; and up to the 
present time, more than two and a-half years since its preparation, it 
has remained quite unaltered, closely resembling ordinary “rosin” 
(colophony) in appearance, but not quite so brittle. 

The inference which we seem entitled to draw from the results of 
the above experiments (and other similar ones, which corroborate 


them) is, that in order to ensure with even approximate certainty the 


conversion of crystalloid piperine into colloid piperine, an exposure to . 


a temperature of not much less than 180° for a period of not much 
less than one hour is required. Whether even then the tendency to 
revert to the crystalline condition is entirely overcome, time alone can 
show. 

I may mention that I have made similar experiments with quinidine, 
and found it to behave in a similar way. It passes, when heated for 
an hour to 180°, into a permanent (as far as hitherto observed) colloid, 
having a rather high refractivity (up = 1-602). 


The Refractive and Dispersive Powers of Piperine. 


For the purpose of determining these, a hollow prism was made by 
cementing thin glass plates (selected with parallel surfaces) to the 
sides of a prism of dense flint glass. The height of the glass plates 
was rather more than twice that of the prism, so that they formed 
above the latter a cell of about the same size and having the same 
angles. This cell was filled with melted piperine, and thus a double 
prism was obtained, the lower part of dense flint glass and the upper 
part of piperine, with a refracting angle common to both. This was 
mounted in a brass frame with levelling screws for adjustment-on the 
table of the spectrometer. 

In the first place, the refracting angle was determined in the usual 
way; the mean of several concordant sets of readings giving a= 
24°10'10”. Then the angle of minimum deviation (8) for each of the 
principal lines of the spectrum was observed, both for the piperine 
prism and the glass one below it, and the corresponding indices of re- 
fraction were calculated by the usual formula, 

p=sin}(a + 8)/singa. 

The results are given in the table on p. 926. 

It will be evident from the figures given in the table that colloid 
piperine possesses a higher refractivity than most, perhaps all, other 
resins or resin-like substances, the only one which comes at all near 
it, so far as I know, being naphthyl phenyl ketone (Phil. Mag., 1886, 


[v}, 21,:245) (for which py = 1°669) and the compound which it forms 
with bromine. 
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Indices of refraction of piperine and of dense flint glass. 


Spectrum-line. Piperine. Glass, 


1°631 1°758 
1°667 1°766 
1°684 1°774 
1°710 1°784 
1°738 1°795 
1°810 1°806 


Coefficient of dispersion (uny — “Ha) 0°143 0°040 


* For the observation of the hydrogen-lines, one of the ‘‘end on” vacuum tubes 
devised by Prof. Piazzi Smyth was used, in which the light from a considerable 
thickness of glowing hydrogen is passed through the slit, and a very brilliant spec- 
‘trum is obtained. 

+ The only other determination of the refractivity of piperine which I have 
been able to find is one by Dr. P. Riedel of Jena, quoted in Behrens’ ‘‘ Tabellen,” 
(1st edition); and he only gives one index, namely, wp =1°6844, an agreement 
-sufficiently close to promote confidence in my own results. 

The above determinations were made with piperine which had not been heated 
for the full period of an hour. From experiments very recently made, it would seem 
that prolonged heating perceptibly diminishes the refractivity of the material. 


The dispersive power of piperine is still more remarkable, being prob- 
ably as great as, if not greater than, that of any other known substance. 
The coefficients of dispersion (taken as puy— ua) Of a few substances 
are as follows: 


Piperine 0-142 | Carbon disulphide 
Phosphorus 0106 | a-Monobromonaphthalene 0°051 
Methylene diiodide 0:062 | Dense flint glass 
Phenylthiocarbimide 0-060 


and it is obvious that piperine is far ahead of the others. 

The diagram given on p. 927 shows the extent of the piperine spectrum 
as compared with that given by a prism of dense flint glass having the 
same refracting angle. In the original drawing, 1 mm. was taken to 
represent 1’ of arc. 

[t will be noticed that while piperine has almost exactly the same 
refractive power as dense flint glass for Hy in the blue, the refractive 
indices for rays of greater wave-length differ widely in the two sub- 
-stances, the result being that the visible spectrum given by piperine is 
nearly four times the length of that given by flint glass. 

From the high refractivity of piperine, it seemed likely to be useful 
in the construction of certain kinds of polarising prisms. It would be 
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hardly appropriate to enter into details here, but I may say that 
besides the usual type of nicol prism in which the extraordinary ray is 
transmitted while the ordinary ray is got rid of by total reflection, 
there is another class of polarising prisms made of Iceland spar, in 
which the ordinary ray is transmitted, the extraordinary ray being the 
one which is turned aside by total reflexion and abolished. For the 
latter class, of which the prisms devised by Jamin and by Bertrand 
may be taken as examples, a medium is required which shall have the 
same refractive index as that of Iceland spar for the ordinary ray, 
namely, 1658. Now, although the refractivity of piperine is above 
this, it can easily be reduced to the proper level by admixture 


Piperine. 


Ka Ha D E Hg Hy 
Comparative length of the spectra of piperine and glass. 


with Canada balsam. In fact, I have a prism of this kind in 
which such a mixture (piperine, 4 parts; balsam, 1 part) replaces 
the usual balsam film. Unfortunately, however, owing to the ex- 
trordinarily high dispersive power of piperine, the critical angles 
for the different rays of the visual spectrum differ so widely that 
the prism is practically useless unless monochromatic light is 
employed. 

Still, it would be easy to mention other purposes for which a 
medium of high dispersive power is useful, and it may be of some 
service to have called attention to the eminent degree in which 
Piperine possesses this property. 
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XCVIII.—The Condensution of Phenyl Ethyl Ketone and 
Benzaldehyde. 


By Rosert Duncompe Axe.t, B.Sc. (Wales), 1851 Exhibition Scholar 
of the University College of North Wales, Bangor. 
ACETOPHENONE condenses with benzaldehyde in three proportions : 
(i) One mol, of acetophenone with 1 mol. of benzaldehyde; to form 


an unsaturated ketone, benzalacetophenone (Claisen and Claparéde, 
Ber., 1881, 14, 2464 ; Claisen Ber., 1887, 20, 655). 

C,H,-CO-CH, + C,H,;CHO = H,O + C,H,°CO-CH:CH-C,H,. 

(ii) Two mols. of acetophenone with 1 mol. of benzaldehyde, to form 
benzaldiacetophenone or 2-phenyl-1 :3-dibenzoylpropane (Kostanecki and 
Rossbach, Ber., 1896, 29, 1492). 

C,H,°CO-CH, C,H,-CO-CH, 
O:CH’°C,H,; = ‘H-C,H, + H,0. 
C,H,°CO-CH, C,H,-CO-CH, 

(iii) Three mols. of acetophenone with 2 mols. of benzaldehyde, to 
form two stereoisomeric dibenzaltriacetophenones or 2 : 4-diphenyl- 
1:3: 5-tribenzoylpentanes (dbid.). 

C,H,"CO-CH, C.H,CO-CH, 
0: CH:-C,H, _ 
C,H,°CO-CH, = O,H,°CO- 7-H + 2H,0. 
0:CH°C,H, i 
0,H,*CO°CH, C,H,°CO°CH, 

Ketones of the form R-CO-CH,°R’, for example, phenyl ethy! ketone, 
C,H,*CO-CH,°CH,, do not undergo this third form of condensation. 

The property of condensation is intimately associated with the 
group —CO-CH,-, the hydrogen atoms of which are slightly electro- 
negative in character. 

The formation of the preceding compounds may be regarded as 
-taking place in the following manner : 

(i) One mol. of acetophenone condenses with 1 mol. of benzaldehyde 
to form benzalacetophenone. 


C,H,-CO-CH, + C,H,-CHO - H,0 = C,H,*CO-CH:CH-C,H,. 


(ii) One mol. of benzalacetophenone then unites with 1 mol. of 
acetophenone to form 2-phenyl-1 : 3-dibenzoylpropane. 
C,H;-CO-CH C,H,°CO-CH, 
CH’C,H, = CH-C,H,. 
+ C,H,°CO°CH, C,H,°CO°CH, 
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(iii) One mol. of this 1:5-diketone again unites with 1 mol. of 
benzalacetophenone to form 2 : 4-diphenyl-1 : 3 : 5-tribenzoylpentane. 
C,H,;"CO-CH, O,H,"CO-CH, 
H-C,H, CH-C,H, 
C,H,*CO-CH, = 0O,H,-CO-CH 
+ CH-C,H, H-C,H, 
C,H,*CO-CH C,H,°CO-CH, 

In the first’and second reactions the group -CO-CH,- is present in 
the acetophenone taking part in these reactions, whereas in the third 
reaction this group is present in the 1 : 5-diketone. 

If now phenyl ethyl ketone, C;H,*CO*CH,°CH,, take the place of 
acetophenone, this substance also contains the group —CO*CH,-, and 
consequently reactions corresponding to i and ii are to be expected, 
but not the third reaction, because the 1 :5-diketone, 2-phenyl-1 : 3-di- 

C,H,*CO-CH-CH, 
methyl-1 : 3-dibenzoylpropane, H:C,H,, which we should 
C,H,*CO-CH:-CH, 
expect to be formed in the second reaction, would no Ionger contain 
this group. 

It was therefore expected that benzaldehyde and phenyl ethyl 
ketone would condense in two proportions : 

(i) One mol. of phenyl ethyl ketone with 1 mol. of benzaldehyde to 
form the unsaturated ketone, benzalpropiophenone, or benzalmethyl- 
acetophenone : 


C,H,-CO-CH,°CH,.+ C,H,-CHO = H,O + C,H,*CO-C-CH, 
CH:C,H,° 
(ii) Two mols of phenyl ethyl ketone with 1 mol. of benzaldehyde to 
form one or more stereoisomeric 1 : 5-diketones, for example : 
C,H,CO-CH,°CH, C,H,*CO-CH-CH, 
O:CH:C,H,; = H-O,H,; + H,0. 
C,H,CO-CH,°CH, C,H,*CO-CH-CH, 


The following experiments were undertaken with the view of in- 
vestigating these reactions. Mixtures of phenyl ethyl ketone and 
benzaldehyde were treated with the following reagents : 

Sodium methoxide, 20 per cent. solution. 

Sodium ethoxide, 20 per cent. solution. 

Potassium hydroxide in aqueous alcoholic solution. 

Dry hydrogen chloride. 
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Condensation of Phenyl Ethyl Ketone and Benzaldehyde by means of a 
20 per cent. solution of Sodium Methoaide. 


A mixture of 5 grams of benzaldehyde and 6°3 grams of phenyl 
ethyl ketone was treated with 15 c.c. of a 20 per cent. solution of 
sodium methoxide. After standing for 7 days, the gelatinous, yellow 
mass was dissolved by shaking with ether and dilute hydrochloric acid, 
The ethereal solution was washed with a dilute solution of sodium 
hydroxide and afterwards with water, and was then dried over fused 
sodium sulphate. After distilling off the ether, a clear oil remained 
which was distilled under 25 mm. pressure, until the thermometer rose 
rapidly to 200°. A fraction boiling at 95—120° consisting of un- 
changed benzaldehyde and phenyl ethyl ketone was collected separately. 
As soon as the thermometer registered 200°, the oil distilling over 
began to solidify. The distillation was then stopped, the residue in 
the flask washed out with dry ether, and the ether evaporated off ina 
current of dry air. The oil which was thus obtained crystallised 
almost completely on standing for a few hours in a vacuum over sul- 
phuric acid. 

(1) Examination of the Crystalline Portion of the Condensation Pro- 
duct.—The crystalline mass was triturated with cold light petroleum 
which dissolved out an oil leaving behind a mass of fine crystals melt- 
ing at 92—96°. This substance, upon repeated recrystallisation from 
large quantities of boiling light petroleum, to which a few drops of 
alcohol had been added, separated in needles melting at 98—99°. It 
is easily soluble in alcohol, benzene, chloroform, acetone, or ether, but 
only very sparingly so in boiling light petroleunf. On analysis: 


02 gave 0581 CO, and 0°1345 H,O. C=79:22; H=7-47. 
02012 ,, 05845 CO, ,, 0°1355 H,O. C=79:21; H=7°48. 
O,H,O requires C=79°33 ; H=7-44 per cent. 


Determinations of the molecular weight by the boiling point method 
gave the following results: 


0°2992 dissolved in 29°16 chloroform gave a rise of temperature 
0°158°. Mol. wt. = 238, 
0°5192 dissolved in 29°16 chloroform gave a rise of temperature 
0:258°, Mol. wt. = 252. 
Mean = 245.—C,,H,,0, has mol. wt. = 242. 


The substance is not acted on by potassium permanganate or brom- 
ine and is therefore saturated. Further, it cannot contain a ketonic 
or an aldehydic group because it does not react with phenylhydrazine, 
hydroxylamine, dc. 

Diacetyl Derivative, C,,H,(O*CO*CH,).—Two grams of the sub- 


PHENYL ETHYL KETONE AND BENZALDEHYDE. 931 


stance were boiled with 2 grams of fused sodium acetate and 20 grams 
of acetic anhydride for 4 hours. The oil which first separated on 
treatment with water rapidly became crystalline and after recrystal- 
lisation from alcohol, formed prisms melting at 123—124°. On 
analysis : 

0:2005 gave 0541 CO, and 0124 H,O. C=73°61; H=6°86. 

0202 , 0545 CO, », 0°1232 H, 20, C=7357; H=6-77. 

C.9H,,0, requires C = 73°62 ; H=6-74 per cent. 


The substance, is therefore, the diacetyl derivative of C,,H,,0,, which 
is thus proved to contain two hydroxyl groups. 

Oxidation of Substance C,,H,,0, (m. p. 98—99°).—When heated 
with a mixture of potassium dichromate and sulphuric acid, this sub- 
stance is oxidised to benzoic and carbonic acids. 

One gram of the compound was next dissolved in 40 grams of glacial 
acetic acid and oxidised at the boiling point with 0°6 gram of chromic 
acid, added in small.quantities at a time. The green solution so ob- 
tained was precipitated with water, and the precipitate extracted with 
ether. The ethereal solution, after being washed with sodium hydroxide 
and then with water, was dried over fused sodium sulphate and the 
ether evaporated off in a current of dry air. An oil remained which 
readily crystallised, and after recrystallisation from aleohol was ob- 
tained in needles melting at 82°5—84°. On analysis: 

01717 gave 0°5072 CO, and 00922 H,O. C=8054; H=5:96. 

02005 ,, 0:5925 CO, ,, 0108 H,O. C=8059; H=5-98, 

C,,H,,0, requires C = 80°67 ; H=5-88 per cent. 

The oxidation product (0°5 gram) being in all probability a ketone or 
an aldehyde, was dissolved in alcohol, and mixed with a 50 per cent. 
solution of hydrazine hydrate (0°3 gram). After standing for 12 
hours, the solution was precipitated with water, and the precipitate, 
after recrystallisation from alcohol, was obtained in glistening plates 
melting at 222—-223°. It was dried at 120° and analysed : 


0'2022 gave 21°7 c.c. nitrogen at 16° and 740mm. N=12°12. 
C,,H,,N, requires N = 11°96 per cent. 

The compound C,,H,,0, (m. p. 82'5—84°), and the compound 
C,.H,,N, (m. p. 222—2238°), are therefore identical with the methyl- 
dibenzoylmethane and the 3 : 5-diphenyl-4-methylpyrazole obtained by 
Beyme (Diss. Leipzig, 1900). From this it follows that the methyl- 
. dibenzoylmethane is obtained from the corresponding 1 : 3-disecondary 
alcohol, namely, 1-3-diphenyl-2-methyltrimethylene glycol, for example : 

C.H,-CH-OH 0,H,°CO 
H:CH, + 20 = H-CH, + 2H,0. 
C,H,-CH-OH 0,H,*CO 
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The methyldibenzoylmethane being a 1: 3-diketone, reacts with 
hydrazine to form 3 : 5-diphenyl-4-methylpyrazole, for example : 


C,H;"9O NH, C,H,° bo, | H 
H-CH, + CH, + 2H,0. 
C,H,"CO NH, C,H;° 
The formation of 1: 3-diphenyl-2 ari glycol is 
remarkable, but may be explained on the assumption that the un- 


saturated benzalpropiophenone is first formed by the condensation of 
1 mol. of phenyl ethyl ketone with 1 mol. of benzaldehyde, thus : 


C,H,*CO-CH,’CH, + C,H,-CHO = C.H;CO-C-CH, + H,0. 
CH:-C,H, 

This unsaturated ketone might then take up a mol. of water to 
form a saturated ketone-alcohol, the ketonic group being afterwards 
reduced by the sodium methoxide to the corresponding secondary 
alcoholic group. 

It is scarcely possible that the reduction of the ketonic group takes 
place before the elements of water have been taken up by the benzal- 
propiophenone to form a saturated compound, because the double bond 
would in all probability be first attacked by the nascent hydrogen and 
one or more of the following compounds would be formed : 

C,H,°CO-CH(CH,)-CH,°C,H,. 
C,H,*CH(OH)-C(CH,):CH-C,H,. 
C,H,°CH(OH)-CH(CH,)-CH,°C,H,. 
none of which has been found in the crystalline part of the product 
of the original {condensation, but may be present in the solution of the 
oily part in light petroleum. 

(2) Examination of the Oily Portion of the Condensation Product.— 
The solution of the oil in light petroleum was dried by means of fused 
sodium sulphate, the solvent distilled off, and the residual oil distilled 
under reduced pressure. The fraction boiling at 210—213° under 
23 mm. pressure formed a clear, yellowish oil which furnished the 
following results upon analysis : 

0°2175 gave 0°6742 CO, and 0°:1287 H,O. C=84:54; H=657. 

02 » 0621 CO, , 01197 H,0. C=8468; H=6°65. 


TheseJfigures do not agree with those required by bensalprate 
phenone, C,,H,,O (C =86°48 ; H=6°31 per cent.). 

The oil, however, has an encsiverttiel constitution, since it readily 
absorbs bromine. It is therefore probably benzalpropiophenone con- 
taining a small quantity of the 1 : 3-disecondary alcohol which boils at 
about the same temperature (the pressure being the same in the two 
cases), or the impurity may consist of small quantities of other pro 
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with  sucts of the reaction which cannot be separated from the benzalpropio- 


phenone by distillation. 

On comparison of the figures with those required by the formule of 
the various products which might result from the reaction, it will be 
seen that they agree most closely with the figures for benzalpropio- 


phenone. 
The figures are here given for comparison : 


. of Omani requires C= 86°48 ; H=6°31. 
C,H,-CH(OH): 3)-CH’C,H, po lag 
‘C,H,"CO-CH-(CH,)CH,-O,H, » Ont; Bete 
' (,H,*CH(OH)-CH(CH;)°CH,"C,H, ,, C=8496; H=7-96. 
Found (mean) C= 84°61 ; H=6°61. 
to This conclusion is confirmed by the reaction of benzalpropiophenone 
rds with phenyl ethyl ketone described on p. 936. 
ry j 
Condensation of Phenyl Ethyl Ketone and Benzaldehyde by means of a 
. 20 per cent. solution of Sodium Ethowide. 
nd A mixture of 5 grams of benzaldehyde and 6:2 grams of phenyl ethyl 
nd ketone was treated with 15 c.c. of a 20 per cent. solution of sodium 
ethoxide. After standing for 7 days, the hard, pink-coloured product 
was shaken up with ether and dilute hydrochloric acid, when a small 
quantity of a crystalline compound melting at 160—163° remained 
undissolved. This substance, after recrystallisation from alcohol, 
melted at 162—163°. 
ot The ethereal solution was treated in the same way as that obtained 
e from the condensation by means of sodium methoxide and contained : 
i, Unchanged benzaldehyde and pheny! ethyl ketone. 
F ii. 1: 3-Diphenyl-2-methyltrimethylene glycol, C,,H,,O, (m. p. 
d 98—99°), crystallising in needles. : 
d iii. A yellowish oil boiling at 210—213° under 23 mm. pressure, 
J This was analysed, with the following results : 
: 0'206 gave 0°6435 CO, and 0:1227 H,O. C=85'19; H=6- 62, 


0206 ,, 06415 co, » 01242 H 0. C=84:92; H= 6°69. 
C,,H,,0 requires C = 86:48 ; H= 6°31 per cent. 


This oil readily absorbs bromine and is consequently slightly impure 
benzalpropiophenone as in the preceding case. For further proof of 
this conclusion, see p. 935. 

iv. A compound crystallising in small, six-sided crystals melting at 
162—163°, which furnished the following results on analysis : 


0201 gave 0621 CO, and 0°1245 H,O. C=84:25; H=6°88. 

02005 ,, 0-619 co, » 0°1235 H ‘0. C=84:19; H=6'84. 
C,,H,,0, requires C = 84-27; H=6°74 per seit: 
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This substance is obviously 2-pheriyl-1 :3-dimethyl-1 ; 3-dibenzoyl- 
propane, formed by the condensation of 2 mols. of phenyl ethyl ketone 
and 1 mol. of benzaldehyde with separation of 1 mol. of water (p, 929), 

To test the correctness of this view, a mixture of 5 grams of benz- 
aldehyde (1 mol.) and 12°6 grams of phenyl ethyl ketone (2 mols.) was 
treated with 15 c.c. of a 20 per cent. solution of sodium ethoxide, with 
the result that the compound C,,H,,0, (m. p. 162—163°) was obtained 
in slightly greater quantity. 

The preparation of pure benzalpropiophenone was next attempted, 
potassium hydroxide or hydrogen chloride gas being used as the 
condensing agent. 


Condensation of Phenyl Ethyl Ketone and Benzaldehyde by means of 
Potassium Hydrouide. 


A mixture of 12°6 grams of phenyl ethyl ketone and 10 grams of 
benzaldehyde was dissolved in 100 c.c. of alcohol, and 3—4 c.c, of a 
concentrated aqueous solution of potassium hydroxide were added; 
the whole was diluted with water, but not in such quantity as to 
precipitate the ingredients, and the mixture allowed to stand for7 
days. A small quantity of a yellowish oil separated. The aqueous 
alcoholic solution was precipitated with water and extracted with ether, 
The ethereal solution, dried by means of fused sodium sulphate, was 
evaporated, and the remaining oil distilled under 22 mm. pressure and 
collected in the following fractions : 

i. Benzaldehyde, b. p. 85—88° (185—190° under atmospheric 


pressure). 

ii. Phenyl ethyl ketone, b. p. 103—108° (210—215° atmospheric 
pressure). 

iii. A yellowish unsaturated oil, b. p. 200—220°. 

The last portion was redistilled a number of times, and the portion 
boiling at 210—213° under 23 mm. pressure analysed : 


0:2175 gave 0°685 CO, and 0°1227 H,O. C=86°35 ; H=6-27. 
C,,H,,O requires C= 86°48 ; H= 6°31 per cent. 


Benzalpropiophenone can therefore be prepared pure by this method, 
but the yield (10 per cent. of the theoretical) is small: 


Condensation of Phenyl Ethyl Ketone and Benzaldehyde by means of 
Hydrogen Chloride. 


When a mixture of molecular quantities of phenyl ethy] ketone and 
benzaldehyde is treated with dry hydrogen chloride until 1 mol. has 
been absorbed, a dark oil is obtained which readily splits off hydrogen — 
chloride, and from which no definite chlorine compound could be 
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isolated. This oil after being kept for 12 hours in a closed vessel was 
gently heated on a sand-bath in a current of air until it no longer 
gave off hydrogen chloride, and was then distilled under reduced 
pressure. The fraction boiling at 234—235° under 25 mm. pressure, 
which still contained chlorine, was analysed with the following results : 


02345 gave 0°6985 CO, and 0°1275 H,O. C=84'85; H=6°31. 
0232 , 0-7267C0O, ,, 013 H,O. C=85:43; H=6°22. 
04632 ,, 0°0239 AgCl. Cl=1-27. 

04947 ,, 0°02714 AgCl. Cl=1°35. 

C,,H,,OCl requires C= 74:29 ; H=5°80 ; Cl=13°73 per cent. 
C,,H,,0 »  C=8648; H=6°31 per cent. 

From these figures it is evident that about nine-tenths of the 
chlorine has been eliminated by heating, one-tenth still remaining 
after a number of distillations. It is therefore probable that in the 
reaction two isomeric compounds are formed, and that one of these is 
much less stable than the other. The remaining chlorine can be 
removed as hydrochloric acid by boiling the substance with an aqueous 
50 per cent. solution of potassium hydroxide. 

Benzalpropiophenone so obtained is straw-yellow and distils 
without decomposition at 210—213° under 23 mm. pressure ; the yield 
amounts to 70—80 per cent. of the theoretical. It was analysed with 
the following results : 


02122 gave 0°6732 CO, and 0°122 H,O. C=8650; H=6°38. 
0209 ,, 06625 C0, , O119 H,O. C=86-45; H=6°32. 
C,,H,,O requires C= 86°48 ; H=6°31 per cent. 


The phenylhydrazone, crystallised from alcohol in yellow needles 
softening at 115° and melting at 127—128°. On analysis : 


02012 gave 0°6235 CO, and 0:1185 H,O. C=84:49; H=6°53. 
02005 ,, 16 c.c. nitrogen at 20° and 752mm. N=9-03, 
C..H )N, requires C = 84°61; H=6:41 ; N=8°97 per cent. 


Benzalpropiophenone dibromide, O,H,*CO*CBr(CH,)*CHBr-O,H,. 
—Ten grams of benzalpropiophenone were dissolved in 80 grams of 
chloroform, and 7:3 grams of bromine in 20—30 grams of chloroform 
gradually added to the solution. The bromine was rapidly decolorised 
with a slight development of heat, and only a small quantity of 
hydrogen bromide was evolved. The product was at once poured into 
an evaporating dish, the chloroform evaporated in a current of dry 
ar, and the thick viscid oil placed over sulphuric acid and potassium 
hydroxide in a vacuum until the weight was constant. The green 
viscous oil thus obtained did not crystallise even after long standing, 
or when cooled with a mixture of solid carbonic acid and ether. On 
analysis ; 

38 2 
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0°232 gave 0428 OO, and 0:0797 H,O. C=50°31; H=3°8], 
02515 ,, 04642 CO, ,, 0°0865 H,O. C=50°34; H=3'89, 
0327 ,, 03205 AgBr. Br=41°75. 
0:2792 ,, 0273 AgBr. Br=41°60. 

C,,H,,OBr, requires C=50'26; H= 3°66 ; Br=41°89 per cent. 


oo 


In the various preparations of the dibromide, the amount of bromine 
present was found to vary between 38 and 43 per cent. 


Condensation of Benzalpropiophenone with Phenyl Ethyl Ketone. 


It seemed probable that for the satisfactory preparation of 2-phenyl- 
1 : 3-dimethyl-1 : 3-dibenzoylpropane, the previous formation of the 
unsaturated benzalpropiophenone is necessary. The following experi- 
ments were therefore made. 

A mixture of 4°4 grams of benzalpropiophenone and 2°7 grams of 
phenyl ethyl ketone was therefore treated with a solution of 0°5 gram 
of sodium in the least possible quantity of absolute alcohol. The 
mixture rapidly became pink in colour, with development of heat; 
crystals soon began to form, and in 48 hours the whole had solidified 
to a compact, crystalline mass. This was triturated with dilute 
alcohol, filtered, and washed with alcohol, when a nearly white, crystal: 
line mass melting at 158—160° was obtained, which after recrystal- 
lisation from alcohol melted at 162—163°. It was almost insoluble 
in hot light petroleum, and only sparingly soluble in boiling alcohol and~ 
in ether. The yield of 2-phenyl-1 : 3-dimethyl-1 : 3-dibenzoylpropane 
was almost quantitative. 

From the aleoholic mother liquors, a small quantity of a compound 
much more soluble in alcohol was obtained. This crystallised in 
needles and melted at 121—122°. On analysis: 


0°2005 gave 0°6165 CO, and 0°1225 H,O. C=83°85 ; H=6'78. 
02015 ,, 06202 CO, ,, 0123 H,O. C=83:96; H=6°78. 
C,,H,,0, requires C=84'27 ; H=6°74 per cent. 


As the analyses show, this compound is isomeric with 2-phenyl-1 : 3 
dimethyl-1 : 3-dibenzoylpropane (m. p. 162—163°). The yield amounts 
to 1 gram from reactions yielding upwards of 60 grams of the 
isomeride. 

The mode of formation of these compounds, more especially of that 
of the higher melting point, by the above method indicates not only 
that they are isomeric 1 : 5-diketones, but is also a further proof of 
the unsaturated constitution of benzalpropiophenone. 

Similar reactions of unsaturated compounds with substances which 
contain electro-negative hydrogen atoms have been carried out by 
Michael (J. pr. Chem., 1887, [ii], 35, 349), who studied, amongst other 
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reactions, the behaviour of ethyl cinnamate with the sodium deriva- 
tives of ethyl malonate and ethyl acetoacetate. 

In the above case also, the union of the unsaturated ketone benzal- 
propiophenone with phenyl ethyl ketone follows in the sense of 
Michael’s “ positive-negative ” rule (J. pr. Chem., 1888, [ii], 37, 522), 
according to which “in the union of a sodium compound with an un- 
saturated compound, the sodium atom, replacing a hydrogen atom of 
the acid methylene (=CH,) group, links itself to the carbon atom (of 
the unsaturated compound) which has the strongest negative character,” 
in this case to the carbon atom attached to benzoyl on the one side and 
to methyl on the other in the radicle, C,H,"CO-C-CH,. Consequently, 
the reaction may be represented by the following equation : 

C,H,"CO-C-CH, C,H,"CO-CNa-CH, 
CH:-C,H, = CH:C,H,;. 
+ 0,H,CO-CHNa-CH, (,H,*CO-CH-CH, 

The sodium compound so formed is then probably decomposed by 
the alcohol with regeneration of sodium ethoxide. 

In carrying out this reaction, it is necessary to use an amount 
of sodium in agreement with the above equation in order to obtain 
the best results, and under these conditions the yield of 1 : 5-diketone 
is almost quantitative. 

Again, in this reaction it was found that methyl alcohol cannot take 
the place of ethyl alcohol. This explains how it is that the 1 :5-diketone 
is formed when phenyl ethyl ketone and benzaldehyde are condensed 
by means of sodium ethoxide, and not when sodium methoxide is used. 

As this reaction is practically quantitative, it can be used to ascer- 
tain whether the oils boiling at 210—213° under 23 mm, pressure, 
obtained by the condensation of phenyl ethyl ketone and benzaldehyde 
by means of sodium methoxide and sodium ethoxide respectively, con- 
sist of benzalpropiophenone, as previously concluded. : 

2°2 grams of each of these oils were mixed with 1°3 grams of phenyl 
ethyl ketone and treated with 0°23 gram of sodium dissolved in abso- 
lute alcohol. The yield of 1:5-diketone was 3°3 grams, instead of 
35 grams, that is 94 per cent. of the calculated amount in both cases, 
thus furnishing conclusive evidence that these oils are almost pure 
benzalpropiophenone. 

In order to investigate further the structure of the isomerides, 
C,;H,,0,, the reaction with ammonia and with hydroxylamine was 
studied in the hope of obtaining one and the same pyridine derivative 
by means of the following reaction : 

CH,-CH-CO-C,H, CH, C——C-C,H, 

CH-CH + NH, = 2H,O + O,H,CH NH 

CH,CH-CO-C,H, CH,-C——C-C,H, 
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Action of Ammoniaon Phenyldimethyldibenzoylpropane, m. p. 162—163°, 
—One gram of the compound (m. p. 162—163°) and 5 c.c. of a saturated 
alcoholic solution of ammonia were heated in a sealed tube to 200° for 8 
hours. Upon opening the tube, in which there was scarcely any pressure, 
an oil remained. The contents of the tube were dissolved in alcohol and 
allowed to evaporate in a vacuum over sulphuric acid. A small quan. 
tity of a pink compound melting at 155—156° was obtained, along 
with a large quantity of resinous matter. After numerous recrystal- 
lisations from alcohol, the former was obtained in colourless needles 
melting at 155—-156°, and was analysed, with the following results: 


0'2147 gave 8 c.c. nitrogen at 15° and 759 mm. N=4:35, 
C,,H..N requires N=4:16 per cent. 
C,,H.,N » N=418 - 

From the nitrogen found, this compound may be triphenyldimethyl- 
dihydropyridine, C,,H,,N, or triphenyldimethylpyridine, C,,H,,N. 

Considering the large amount of resin formed, it is possible that the 
same changes have gone on as were observed by Michael (Ber., 1885, 
18, 2021) in the formation of ay-lutidine-B-carboxylic ester from aceto- 
acetic ester, acetaldehyde, and aldehydeammonia. “A similar case was 
observed by Knoevenagel and Weissgerber (Ber., 1893, 26, 436) in 
the formation of pentaphenylpyridine from benzamarone and ammonia, 
There is, therefore, not merely a separation of water to form a hydro- 
pyridine derivative, but possibly a simultaneous oxidation of the hydro- 
pyridine ring with formation of 2 : 4: 6-triphenyl-3 : 5-dimethylpyridine. 

This assumption is justified by the fact that the same compound is 
obtained by the action of hydroxylamine hydrochloride. 

Action of Hydroxylamine Hydrochloride on Phenyldimethyldibenzoyl- 
propane(m.p. 162—163°).—Twogramsof thesubstance(m. p. 162—163°), 
1 gram of hydroxylamine hydrochloride, and 40 c.c. of 90 per cent. 
alcohol were heated in a sealed tube at 120—130° for 6 hours. The 
contents of the tube were precipitated with water and extracted with 
ether. The ethereal solution left, on evaporation, a pink, crystalline 
mass, which, after many recrystallisations from alcohol, separated in 
colourless needles melting at 155—156°. The yield was 70 per cent. 
of the theoretical. On analysis: 

0°2017 gave 0°6622 CO, and 0:118 H,O.' C=89°52; H=6'49. 

02012 ,, 066 CO, , 0116H,O. C=89-44; H=6-40. 

0-223 ©,, 86c.c. nitrogen at 13° and 744mm. N=4°52. 

C,;H,,N requires C= 89°02; H=6°82 ; N=4:16 per cent. 
C,,H,N , C=8955; H=6:27; N=4-18 ” 


From the analyses, it is obvious that the compound has the formula 
O,;H,,N, hence hydroxylamine reacts smoothly with formation o 
2:4 : 6-triphenyl-3 ; 5-dimethylpyridine, thus : 
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CH,-CH-CO-0,H, CH,-0=0-0,H, 
0H, CH + OH-NH, = 38,0 + O,H,C hela. 
CH,-CH-CO-C,H, CH,-C—C-0,H, 


Action of Hydroxylamine Hydrochloride on Phenyldimethyldibenzoyl- 
propane (ma. p. 121—122°). —The isomeride (m. p. 121—122°) was not 
treated with ammonia on account of the very limited quantity obtain- 
able. 

0:4 gram of the substance, 0°5 gram of hydroxylamine hydrochloride, 
and 10 c.c. of 90 per cent. alcohol were heated in a sealed tube at 
120—130° for 4 hours, and the product precipitated with water and 
extracted with ether. Upon evaporation, the ethereal solution de- 
posited a residue of pink crystals, which, after many recrystallisations, 
were obtained as colourless needles melting at 155—156°. On analysis: 


0:18 gave 6'8 c.c. nitrogen at 15° and 752 mm. N=4:37. 
C,;H.,N requires N = 4°18 per cent. 

This compound is identical in appearance and properties with that 
obtained from the isomeride melting at 162—163°. by means of am- 
monia and of hydroxylamine. The two substances have, therefore, 
the same structure, and are 1 : 5-diketones of the formula 

CH,°CH:CO-C,H, 
C,H;-CH ; 
CH,°CH:-CO-C,H, 
but their isomerism is to be explained upon stereochemical grounds. 


It is hoped that the substances mentioned in this paper will form 
the subject of a future communication. 


The author wishes to express his indebtedness to Prof. J. Wislicenus 
for suggesting the above investigation, and for the privilege of being 
allowed to pursue it in his laboratory. 


Erstes CHEMISCHES LABORATORIUM, 
Universitat, Lxtpzic. 


XCIX.—The Decomposition of Chlorates. Part IV. 
The Supposed Mechanical Facilitation of the De- 
composition of Potassium Chlorate. 

By Witu1am H. Sopgau, B.Sc. 


Very many substances are known to facilitate the decomposition of 
Potassium chlorate, and it has from time to time been suggested that. 
the whole or part of their action is analogous to that of sand, &c., in 
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promoting the boiling of water. The supposed analogy would, how. 
ever, appear to be false, it having been shown that the ease of decom. 
position is not appreciably altered by reducing the pressure to 1 mm, 
(Trans., 1900, '7'7, 144). ~ It is difficult to understand why an irre. 
versible decomposition should be facilitated by the presence of solid 
particles if these are chemically inert. Were the action purely 
mechanical, it would presumably be common to all finely divided sub. 
stances, irrespective of their chemical nature, but several workers 
have stated that zinc oxide, magnesia, &c., produce no facilitation, 

There would seem to be a possibility of chemical action in the cage 
of all substances known to facilitate decomposition of the chlorate, 
For example, the oxides of manganese, iron, cobalt, nickel, and copper 
cause the oxygen to be very readily evolved, but in each case the exist. 
ence of an unstable higher oxide is known or indicated. Platinum 
black is said to have some facilitating action, not, however, comparable 
with that of the oxides of manganese, &c., but at the temperatures at 
which this occurs its chemical activity towards oxygen would appear to 
be considerable. Mond, Ramsay, and Shields (Phi. Tirans., 1895,[ A), 
186, 689 ; 1897, 190, 153) have shown that after heating at 444° in 
an atmosphere of oxygen, platinum black contains about 66 times its 
volume of that gas, and that under similar conditions platinous oxide 
retains more than a quarter of its oxygen even after many hours’ 
heating. As reduction of pressure was found to diminish these pro- 
portions, it would seem that the formation and decomposition of an 
oxide were probably proceeding simultaneously, hence platinum black 
cannot well be regarded as chemically inert. References to sand, &c., 
are discordant, possibly owing to variability of composition. 

Veley (Phil. Trans., 1888, [A], 179, 270) maintains that’ “ finely 
divided chemically inert particles” produce acceleration of the de- 
composition of potassium chlorate, but publishes only one experiment 
to establish this, and cites no evidence in support of his assumption 
that the added substance (barium sulphate) was chemically inert. 

The table referring to this experiment appears to indicate that the 
presence of 1 per cent. of barium sulphate increases the rate of de 
composition to the average extent of 500 per cent., but a statement 
in the text * shows that before systematic observations were taken the 
average increase.amounted only to about 100 per cent. Veley also 
shows that a similar proportion of manganese peroxide produces a far 
greater effect. 

In the series of experiments described in the present paper (sé 
Table, p. 942), both range and rate of decomposition, and therefore 
the range of temperature, have been varied in either direction, a8 col 


* 104 c.c. of gas were given off from the chlorate containing the barium sulphate 
but only 51°2 c.c. from that without the sulphate.” 
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pared with Veley’s experiment, but the average increase of rate for the 
presence of 1 per cent. of barium sulphate amounts to only 16 per 
ent, This is practically negligible, compared with the influence of 
many other substances, and seems fully explicable by the fact that 
double decomposition takes place (p. 943) with formation of a small 
amount of barium chlorate, a substance less stable than potassium 
chlorate. With 1 per cent. of barium sulphate, the decomposition is 
very slow at 450°, whilst with 1 per cent. of the peroxide of manganese 
which is precipitated from the acetate by bromine, the action becomes 
violent at about 340°. 

The author is of opinion that the supposed ability of chemi- 
cally inert solid particles to facilitate the decomposition of potassium 
chlorate is unsupported by experimental evidence, and, if existing, is 
inadequate to explain even a small fraction of the great facilitation 
produced by the oxides of manganese, iron, cobalt, nickel, and copper. 
The action of the latter substances, now engaging his attention, would 
therefore appear to be entirely chemical. 


EXPERIMENTAL. 


Two specimens of barium sulphate were prepared by precipitating 
solutions of recrystallised barium chloride with excess of “pure” sul- 
phuric acid, the products being very thoroughly washed by decanta- 
tion, and dried under reduced pressure. A temperature of 200° was 
employed in drying the first specimen, but that used in experiment 
152 was not previously heated above 100°. 

Equal weights of carefully recrystallised potassium chlorate, with 
and without the addition of 1 per cent. of barium sulphate, were de- 
composed in similar receptacles placed side by side in a bath of melted 
pewter, together with a thermometer. The evolved oxygen was 
collected over water in graduated tubes, readings being taken at 
intervals of 2 to 10 minutes, and the loss of weight was determined 
at the conclusion, in order to guard against the possibility of a leak. 

The table summarises the results of all such experiments, together 
with those of the experiment recorded by Veley (/oc. cit.) ; the num- 
bers given in the latter case were calculated on the assumption that he 
measured the gas at about 20° and 760 mm., but the main issue would 
not be affected even if the actual temperature and pressure were widely 
different from these. All numbers were calculated directly from the 
gas volumes, and the heating was always continuous, although the 
earlier and later stages are in most cases given separately. 

The weight of each portion of chlorate was 1 gram in experiment 
143, 10 grams in experiment 144, and 5 grams in each of the 
subsequent experiments. Tubes closed at one end were used in 
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Barium sulphate with potassium chlorate. 


KCIO, and.1 e cent. of 
BaS + 


Ratio of 
rates, 

| Range of de-| Percentage | Range of de-| Percentage | Mixture 

| composition of total | composition of total KCI0, * 
(total O= O per O per 

minute, minute, 


| _KCIO, alone. 
| 
| 


” Experiment. 


0°58 072 

0°66 25° 0°61 

0°041 ° . 0-049 
0-034 : . 0-036 
0:0084 : 0°034 
0-030 . . 0-094 
0°0071 . 0:0098 
00325 . : 0°045 
0°0152 . 0°0175 
; . 0°0085 
0:0024 . 0-0037 
0:0306 . 0°0301 
0°0024 . 0-0028 | 
0°0107 . . 00126 | 
0-0023 . 0°0032 | 
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0°0113 0°45— 2°58 0°0133 


Veley’s f| 0— 0° ’ 0— 0°51 q 
(loc, cit.) \| 0-25— 0° 00019 051— 1°48} 0:0116 


experiment 143, but submerged bulbs were employed in the other 
experiments ; continual interchange must have eliminated from the 
average any possible difference due to individual bulb tubes, or to 
position in the bath.* 
Two bulbs containing the mixture were employed in experiment 
150; both chlorate and mixture were duplicated in experiment 152. 
In some experiments, potassium chlorate mixed with 5 per cent. of 
potassium sulphate was placed in an additional bulb tube; the 
potassium sulphate did not appear to have much influence upon the 
rate of decomposition, but this proportion dissolves in the fused 
chlorate. 
In experiment 147, the behaviour of the pure chlorate was normal, 
_ as was shown by the readings of the thermometer and of the volumes 
of gas evolved from a comparison mixture of chlorate and sulphate of 
potassium (5 per cent.), but the portion of chlorate mixed with | 
* Veley employed two retorts, each containing 70 gtams of potassium chlorate, 
*<placed side by side in a small square air-bath” which was ‘‘ packed with asbestos, 
to distribute the heat of the lamp as uniformly as possible.” 
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per cent. of barium sulphate gave results at variance with every other 
experiment. It seems practically certain that a trace of some impurity 
nust have been introduced, for the subsequent experiments would appear 
to have excluded every other explanation ; experiment 148 was all but 
identical as regards known conditions, yet it exhibited no such 
abnormality. 

Omitting experiment 147, the average increase of rate for the 
presence of 1 per cent. of barium sulphate amounted to 16 per cent. 
(ratio of rates = 1:1°16), a result entirely at variance with that 
obtained by Veley. 

Barium sulphate was found to completely dissolve in 500 times its 
weight of fused potassium chlorate contained in a test-tube placed in 
a bath of fused potassium nitrate at about 480°, and the “ solution” 
gave a thick precipitate on adding fused potassium chlorate containing , 
potassium sulphate. It is evident that (as on adding barium chlor- 
ide, Trans,, 1900, '7'7, 146) double decomposition takes place, and that 
in the present instance barium chlorate and potassium sulphate must 
be formed. The latter substance does not retard the decomposition of 
potassium chlorate, consequently the production of barium chlorate, 
a substance less stable than potassium chlorate, would seem to fully 
account for the trifling facilitation produced by barium sulphate. 
When 1 per cent. of barium sulphate is added, the amount rapidly 
transformed into chlorate must be about a fifth of the whole. 


ExPLosives CoMMITTER’s LABORATORY, 
RoyaL ARSENAL, WOOLWICH. 


C.—The Nutrition of Yeast. Part II]. 
By Artuur L, Stern, D.Sc. 


Tur work described in the two preceding parts (Trans., 1899, '75, 
202; J. Fed. Inst. Brewing, 1899, 399) was continued with the object 
of obtaining a knowledge of the effect which conditions other than 
those already discussed had on the growth of yeast, its composition, 
and the relations of these to the progress of the fermentation. 

The experimental method has already been described in Part I; 
briefly, it is as follows. Into a flask holding rather more than a litre 
are introduced 500 ¢.c. of a solution of dextrose (d-glucose) of definite 
strength, 1:5 grams of crystallised asparagine, 0°5 gram of potassium 
Phosphate, 0-2 gram of magnesium sulphate, and 0°02 gram of calcium 
sulphate. The neck of the flask is closed with a cotton wool plug, and 
the contents are boiled for 10 minutes, When cool, the yeast is added. 
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This was obtained in the manner described in Part I from the sam 
culture of Burton yeast then prepared. 

The sugar solution when thus seeded was kept at a constant tem 
perature until the conclusion of the experiment. The yeast was then 
removed by filtration, dried at 100° until constant, and the nitrogen 
contained in it estimated. The optical activity of the fermented solu- 
tion indicated the amount of sugar remaining unfermented., 

No difficulty was experienced in filtering off the yeast, except when 
the fermentation was still proceeding. In these experiments, the addi. 
tion of 0°5 gram of salicylic acid dissolved in 10 c.c. of alcohol to the 
500 c.c. of fermenting solution at once stopped the fermentation, and 
the yeast could be easily removed. 

(1) The Influence of Concentration.—J. Archleb (Zeit. Spiritusind., 11, 
243), using maltose solutions varying in concentration between | and 
25 per cent., found that as the concentration of the sugar was in- 
creased, (a) from 1 to 5 per cent., the weight of yeast obtained 
increased ; (b) from 5 to 10 per cent., the weight of yeast crop in- 
creased but slightly ; (c) from 10 to 14 per cent., the weight of yeast 
crop increased rapidly ; (d) from 14 to 19 per cent., the weight of the 
yeast crop diminished ; (e) from 19 to 25 per cent., the weight of the 
yeast crop again increased. These experiments indicate that the weight 
of the yeast crop varies irregularly as the concentration of the sugar is 
increased. 

Experiments were made according to the method described above to 
obtain further information on this point. They were performed at 25°, 
and the amount of seeding was 1°5 cells per 1/4000 cub. mm. 

The results are given in Tables la and 1d (p. 945). The only differ 
ence in the conditions of the two series of experiments is that those 0 
Table 16 were performed with 0°75 gram of asparagine per 500 c.. d 
solution instead of 1°5 grams used in all the other experiments. 

As the standard time of fermentation (7 days) allowed in the earlier 
experiments was found to be insufficient when fermenting solutions 
containing more than 15 per cent. of dextrose, experiments with these 
solutions were repeated, allowing a longer time for fermentation. ; 

Curve 1 (p. 946) was drawn by joining the points obtained by taking 
as abscisse the weights of nitrogen contained in the yeast, and as ordi- 
ates the concentration of the sugar at the commencement of the fer 
mentation ; it clearly shows that as the concentration rises from 2” 
the amount of nitrogen assimilated increases rapidly at first, then 
more slowly, until with concentrations of more than 15 per cent. the adi 
crease appears almost to cease ; there is, however, much difficulty 1 com 
pleting the fermentation with concentrations exceeding 20 per cent. 

The percentage of nitrogen in the yeast does not greatly vary, but 
is highest with the weakest’and strongest solutions here employed. 
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TABLE la. 


Duration of 
fermenta- 
tion, 


———————— 


7 days 


Percentage 
of dextrose 
before 
fermenta- 
tion. 


Weight of 

nitrogen in 

yeast crop. 
Gram per 
100 c.c. 


0 0028 
0°0081 
0°0129 
0°0178 
0°0200 
0°0216 
0°0246 
0°0275 
0°0167 
0°0148 
0°0122 
00230 
0°0238 
00232 
0°0252 
0°0253 


Percentage 
of nitrogen 
in yeast 
crop. 
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Percentage 
of dextrose 
unfermented. 
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Weight of 

yeast crop. 
Gram per 
100 c.c. 


TABLE 10. 


} 


Duration of | 


fermenta- | 


tion. 


Percentage 


of dextrose 
before 
fermenta- 


Weight of 
nitrogen in 
yeast. 
Gram per 


Percentage 
of nitrogen 
in yeast. 


Percentage 
of sugar’ 
unfermented. 


Weight of 
yeast. 
Gram per 


1€0 c.c. 


tion. 100 c.c. 


0°0028 
0°0076 
0°0122 
0°0165 
0°0194 
0°0212 
0°0236 
0°0199 
0°0190 
0°0160 
0°0129 


| 
7 days | 
| 
| 
| 
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No yeast growth was obtained when no sugar was present. 

(2.) Influence of Temperatwre.—R. Pedersen (Carlsberg Lab. Reports, 
1878, 22) found that the yeast cells increase in number most rapidly 
at 28°, but that the same total number was produced at 135° as at 
23°, and that no growth took place at 38°. 

The experiments summarised in Table-2 were all carried out with 
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10 per cent. dextrose solutions, and the inorganic and nitrogenous 
nutriment stated above at the temperatures noted. The amount of 
seed yeast was the same as before, In order that the fermentations 


CurvE 1 (TABLE 1). 
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rercentage of sugar before fermentation. 
could be completed, the time of fermentation had to be considerably 
longer at the lower temperatures. pe 
| These results indicate that at temperatures between 12° and Z 
there is little difference in the weight of yeast, and the amount 
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nitrogen contained by it, but that at 30° and above there is a decrease 
of these factors, and at 37° it is evident that the functions of the 
yeast are seriously weakened. 


TABLE 2. 


| 

Weight of 

Duration of | nitrogen in : 

Temperature.| fermenta- yeast crop. “ a - | of sugar yeast crop. 

Gram per ‘ = | unfermented,| Gram per 
100 c.c. P. 100 c.c. 


Weight 
Percentage oF 2 


Percentage 


12° 3 0°0194 , . 0°252 
155 0°0198 . : 0°291 
18 y 0°0221 ; : 0°337 
21 0°0224 ? ‘ 0°339 
25 0°0212 ; : 0°310 
30 0°0173 , " 0°243 
37 0°0085 . 0°110 


* Six days’ fermentation produced but a slight increase in the amount of sugar 
fermented and a decrease in the weight of yeast. 


(3.) The Effect of Varying the Amount of Seed Yeast.—A. J. Brown 
(Trans., 1892, 61, 369) has shown that for any one fermentable solution 
there is a constant number of yeast cells up to which the yeast will 
increase if the solution be seeded with a smaller number, and that if 
it be seeded with a larger number no increase in the number of cells 
will take place. 

The experiments summarised in Table 3 were made more particularly 
to ascertain the relationship between the weight of nitrogen contained 
in the seed yeast and that contained in the final yeast crop at the 
conclusion of the fermentation. They were carried out at 25° with 
the quantities of nitrogenous and inorganic nutriment given above, but 
in view of the great importance of the results three series of experi- 
ments were made with 5, 10, and 15 per cent. dextrose solutions. 

On comparing the figures obtained by subtracting the weight of 
nitrogen added in the seed yeast from that contained in the yeast 
crop, it is found (except where the seeding is less than 5 per cent. of 
the crop) that within the limits of experimental error the figures are 
the same for any one solution, and that, as might be expected from 
the previous experiments on the effect of concentration, the average 
for the 5 per cent. solutions is the least, and that for the 15 per cent. 
solution the greatest. In the experiments where the seeding was less 
than 5 per cent. of the crop, these differences are below the average. _ 

As the percentage of nitrogen contained in the yeast does not vary 
Very materially, these results may be taken as also applying to the 
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TABLE 3. 


Weight of nitrogen in the Difference 


| Percentage 

values in the | 9fnitrogen | Pores 
in the 

= a yeast. unfermented, 


Yeast crop. Seed yeast. 
Gram per Gram per 
100 c.c. 100 c.c. 


(a) Five per cent. sugar solutions : 


0°0121 0°0005 
0°0144 0°0006 
0°0151 0°0014 
0°0167 0°0019 
0°0176 0°0040 
0°0179 0°0056 
0°0236 0°0112 


Mean 


(6) Ten per cent. sugar solutions : 


0°0143 00002 
0°0155 0°0006 
0°0161 0°0008 
0°0196 0°0017 
0°0204 0°0023 
0°0218 0°0045 
0°0217 0 0050 
0°0247 0°0066 
0°0269 0°0096 
0°0308 0°0125 
0°0352 0°0172 
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(c) Fifteen per cent. solutions: 


0°0173 00009 0°0164 
0°0201 0°0013 ~ 0°0188 
0°0214 0°0027 0°0187 
0°0248 0°0208 
0°0228 ; 0°0156 
0°0318 ; 0°0183 


0°0181 


* Mean of the last eight values. 


weight of the yeast, and except when the seeding is very small, ® 
general statement of the result may be made as follows. If to equl 
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yolumes of any one fermentable solution quantities of yeast a, 6, ¢ be 
added, the resultant crop of yeast at the end of the fermentation will 
beatp, +p, ¢+p, where p is a constant quantity dependent on the 
composition of the solution. 

If the seeding is very large, this statement must be modified, as 
yeast always contains some dead or weak cells, and the decomposition 
of these would introduce more yeast nutriment into the solution. 

(4) Effect of Time.—It is generally stated that most of the yeast is 
formed during the early stages of the fermentation and that in the 
later stages there is little, if any, increase of yeast (Mohr, Wochen- 
schr. Brau., 1896, 3, 210; F. Schonfeld, cdid., 421 ; Delbruck, Bied. 
Centr,, 1880, 217 ; Boulanger, Ann. Inst. Pastew’, 1896, 10, 598). 

To determine the relation of the weight and nitrogen contents of 
the yeast to the amount of sugar fermented at successive time inter- 
vals, experiments were performed at 25° with 10 per cent. dextrose 
solutions, and the amounts of nitrogenous and inorganic nutriment 
already noted ; the results are given in Table 4 (p. 950). The amount 
of seed yeast in the four series of experiments a, b,c, and d was in 
the proportions of 1, 3, 9, and 14. 

Curve 2 (p. 951) was drawn ‘by joining the points obtained by taking 
as abscissee the weight of nitrogen in the yeast, and as ordinates the 
corresponding amount of sugar fermented. It clearly shows that the 
increase of the yeast, and of the weight of nitrogen contained in it, 
goes on to the end of the fermentation. | 

After a certain time, which is least in series c, the curve becomes a 
straight line; that is, the ratio of the amount of sugar fermented to 
the weight of nitrogen remains constant during the remainder of the 
fermentation. The curves show that before constancy is reached, the 
nitrogen increases more rapidly than the amount of sugar fermented, 
when the seeding is less than in ¢ (compare a and 8), and less rapidly 
when it is greater than in ¢ (compare 4). 

As the percentage of nitrogen in the yeast does not vary much 
throughout the fermentation, these statements are practically also true 
for the ratio of the weight of yeast to the weight of sugar fermented. 

The experiments described in this investigation were primarily 

made with the object of obtaining a knowledge of the effect of different 
conditions on the growth of the yeast and its composition, and the 
relation of these to the progress of the fermentation. 
_ As it was necessary to work under conditions which could at any 
time be exactly reproduced, the choice of yeast foods was restricted to 
such as could be obtained pure in reasonable quantity. It is known 
that when employing such yeast foods as are contained in malt worts, 
yeast water, &c., larger and more nitrogenous yeast crops are obtained. 
It is thus possible that the results here obtained may be in some 
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respects abnormal. The author hopes to investigate this question in 
the future. 
TaBLe 4, 


Weight of 
nitrogen in Percentage of | Percentage of 
yeast. nitrogen in sugar un- yeast. 


Gram per 
Gram per yeast. fermented. pe 
100 c.c. 100 ce, 


Weight of 


Series a: 


0 

2 days 
4 ” 

5 >? 


6 
10 ;, 
Series b: 


0°0026 
0°0120 
0°0150 
0°0180 
0°0191 
0°0205 
0°0212 
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Series d : 


0 0°0125 
14 hours 0°0157 
Ss .; 00259 
ee sa 0°0340 


The results here obtained may be summarised as follows : 

1. ‘Any increase of nitrogenous or inorganic nutriment beyond a 
definite limit will not increase either the amount of nitrogen assimi- 
lated by the yeast or the weight of the yeast. This limit is but little 
greater than the largest amount which the yeast is able to assimilate 
under the conditions of the experiment (Part I, loc. cit.). 

2. An increase of the sugar is accompanied by an increase in the 
weight of nitrogen assimilated and in the weight of the yeast. This 
increase continues up to the strongest concentrations which can be 
completely fermented. The rate of increase is greatest at the lowest 
concentrations and falls off gradually as the concentration rises. 
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Curve 2 (TABLE 4). 
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Percentage of sugar fermented. 


3. Temperatures between 12° and 25° have but little influence on 
the weight of nitrogen assimilated and the weight of the yeast crop. 
At higher temperatures, reproduction is weakened. 

4. The total weight and nitrogen content of the yeast crop obtained 
at the completion of fermentation are dependent solely on the weight 
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and nitrogen content of the yeast added to produce fermentation and 
on the composition of the fermentable solution. 

5. During a portion of the fermentation the growth of yeast is pro- 
portional to the amount of sugar fermented, and proceeds as long as 
any sugar remains unfermented. 

Although the chief object of this work was to obtain these results, 
yet it was thought that when obtained they would throw additional 
light on the mechanism of fermentation and yeast growth ; that they 
do so will be seen from the following. 

Statements 1 and 2 show that there must be a great difference 
between the functions of the nitrogenous and inorganic nutriment, on 
the one hand, and of the sugar on the other ;-whilst the function of 
the first two is to supply the necessary material to form the yeast, that 
of the sugar is twofold—to supply the yeast with material and with 
energy. 

The chemical products of the decomposition of the sugar (alcohol 
and carbon dioxide) are useless to the yeast, and when present in 
sufficient quantity even deleterious to it ; this decomposition of the 
sugar, however, sets free an amount of energy which has been cal- 
culated as from 33 to 67 K; the heat developed has been measured, 
and amounts to 235 K according to Bouffard (Compt. rend, 1895, 121, 
357), and to 21-4 K according to A. J. Brown (J. Fed. Inst. Brewing, 
1901, ‘7, 93). 

It has been previously suggested by A. J. Brown (Trans., 1894, 
59, 911), by Reynolds Green (Fermentation, p. 334), and others that the 
need for this energy is the reason for the fermentation of the sugar, 
part of it being employed to carry on the vital actions of the yeast, 
and part to raise the temperature of the solution, a temperature 
slightly above the ordinary being most favourable to the yeast. 

It is a much debated question whether the fermentation of the sugar 
is the work of an enzyme or of the vital functions of the yeast. Buchner 
(Ber., 1897, 30, 117,,1110, 2668 ; 1898, 81, 209, 568, 1084, 1090, 
1531; 1899, 32, 127), Abeles (Ber., 1898, 31, 2261), and others state 


that they have isolated this ferment from yeast ; this explanation of 


their experiments has, however, been combated by Macfadyen, Morris, 


and Rowland (Proc. Roy. Soc., 1900, 67, 250) and Wréblewski (Centr. 


Physiol., 1899, 22). 

The great difficulty attending the investigation of the fermentative 
function of yeast has been to eliminate disturbances due to change in 
the fermentative power of the plant—that is, to change in the amount 
of fermentative enzyme, supposing such to be present. Dumas (Amn. 
Chim. Phys., 1874, [v], 3, 81) and A. J. Brown (Trans., 1892, 61, 369) 
employed such an excess of yeast as was shown by the latter to result 
in fermentation without any numerical increase of yeast, and f 
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that under these conditions equal quantities of sugar were fermented 
in equal times, If no change had taken place in the fermentative 
power of the yeast during the experiment, this result would negative 
the enzyme theory. It is, however, quite possible that the fermenta- 
tive power of the yeast has changed in the course of the experiments, 
and for the following reasons. 

It is shown in Table 4 that fermentation is closely connected with 
yeast growth, and if yeast growth has taken place, the fermentative 
power of yeast as a whole has probably changed. 

Now, in two of A. J. Brown’s experiments (loc. cit., 377), in which 
a large excess of yeast was employed, and no numerical increase took 
place, the weight of the yeast had appreciably increased during the 
fermentation. 

Moreover, J. O'Sullivan (J. Fed. Inst. Brewing, 1899, 5, 101) 
showed that whilst the invertive function of living yeast could be 
and was usually exercised without yeast growth taking place, this 
was not the case with the fermentative function. Other evidence in- 
dicating the intimate connection between yeast growth and fermenta- 
tion is to be found in the experiments described above (statements 4 
and 5) and in the stimulating effect of nutriment in increasing the 
rapidity of fermentation of a non-multiplying yeast (J. O’Sullivan, J. 
Soc. Chem. Ind., 1898, 1'7, 559). 

Even supposing that, by using a large excess of yeast, it were possible 
to obtain fermentation, without any apparent increase either in the 
weight of the yeast or in the number of yeast cells, yet it would be 
quite possible for yeast growth to take place at the expense of the 
decomposition products of dead cells which are always present, decom- 
posed yeast being an excellent yeast food. If yeast growth has taken 
place, there will probably be some change in the fermentative power of 
the yeast as a whole. 

The experiments of Dumas and Brown do not then disprove the 
enzyme theory, There is thus no proof that the fermentation of 
sugar by yeast is not caused by an enzyme, and whilst the converse 
has not yet been definitely proved, the evidence at present available 
points in this direction. The enzyme (if existent) is exceedingly un- 
stable; it diminishes in amount, even in living yeast cells which have 
remained quiescent for a short time,* but when required by growing 
yeast it is abundantly secreted. This view derives some support from 
the fact that the change in the appearance of the yeast cells when sown 
in a fermentable solution is similar to that which takes place in the 
columnar cells in the germinating barley embryo when secreting 
diastase. 


* Buchner and Rapp (Ber., 1897, 30, 2668) state that it can only be prepared 
from fresh yeast. 


NAYLOR AND DYER: OROXYLIN. 


CI.—Oroxylin. 
By Wituiam Artuur Harrison Naytor and Cuartes Staniey Dysgp, 


Tue bark of Orowylum indicum was examined by Naylor and Chaplin in 
1890 (Year Book of Pharmacy), and among the substances then separated 
was a yellow, crystalline compound, to which they gave, provisionally, 
the name of oroxylin. Its conduct towards certain reagents was noted, 
and particularly its behaviour with sodium and potassium hydroxides, 
which resulted in the production of an intense red colour, quickly 
passing into a dark green. 

For the opportunity to study more intimately this interesting con. 
stituent, we are indebted to Mr. David Hooper, of Calcutta, who 
kindly collected and shipped to one of us a considerable quantity of 
the bark. A 


Isolation of Oroxylin. 


The bark, reduced to No. 20 powder, was exhausted with 90 per 
cent. alcohol by percolation, the percolate concentrated by distilling off 
most of the spirit, and the resulting liquid poured into eight times its 
volume of water, when the oroxylin was precipitated together with 
wax, fat, and resinous substances. The bulky precipitate was collected, 
washed with water, and dried in a water-oven. When quite dry, it 
was treated with chloroform until most of the wax, fat, and resinous 
substance had been withdrawn. It was then exhausted with ether, 
the ethereal liquid distilled, and the residue washed with light petrol- 
eum to remove the last traces of fat. This purified residue was dis- 
solved in alcohol, in which it readily dissolved. The solution, after 
filtration, was diluted with hot water until a faint cloudiness appeared, 
and set aside to crystallise. 

The yield of pure oroxylin is about 2 parts per 1000. It crystal- 
lises in sharply defined, golden-yellow needles about 1/6 inch in 
length, is readily soluble in alcohol or hot glacial acetic acid, less so in 
ether, sparingly so in chloroform, and practically insoluble in water. 
Oroxylin begins to melt at 225°. 

When burnt with cupric oxide in a current of oxygen, the following 


numbers were obtained : 
Cy9H140¢ 
(1). (2). (3) Werner. requires 
67°42 67°43 67°49 67°45 per cent. 
46 4°38 4:14 wo 


For the purpose of comparison, we give the percentage numbers 
obtained by Werner (Pharm. Journ., 1898, [iv], '7, 390), and it will be 
noted that ours are in close agreement with his, From these figures, 
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and others to be presently mentioned, we believe the formula for 
oroxylin to be C,H, Og. 

As oroxylin rapidly reduces silver compounds, the formation of a 
definite silver salt was not possible. 

The addition of lead acetate dissolved in weak alcohol to an alcoholic 
solution of oroxylin gives a light red, bulky precipitate of indefinite 
composition. 

Derivatives of Oroxylin. 

Triacetyloroxylin, C, ,H,,O,(C,H,O0,),—In our first attempt to 
acetylate oroxylin we acted on it direct with acetyl chloride, but the 
method proved unsatisfactory, the product being resinous and the 
yield of crystallisable substance disproportionately small. 

Eventually, the acetic anhydride and dry sodium acetate were 
adopted. The action which in the early stages took place rapidly, 
on the application of the heat of a water-bath, was complete in half an 
hour. On cooling, the whole solidified, forming a crystalline mass. 

To isolate the derivative, the mixture, after the addition of a little 
ether, was poured into water. The ether was blown off, when the in- 
soluble product gradually solidified. It was collected, washed with 
water, then cautiously with ether which removed resinous matter, and 
finally was crystallised from alcohol. This colourless product con- 
sisted of minute, white, acicular crystals melting. at 150—152° with 
partial decomposition into oroxylin. 

When hydrolysed by warming for half an hour with slightly diluted 
sulphuric or hydrochloric acid and then pouring the liquid into water 
the regenerated oroxylin is precipitated, and may be collected, washed 
with water, dried at 110°, and weighed. In this manner, the following 
results were obtained from the acetyl derivative by hydrolysis : 

(i) 0°279 gave 0-205 oroxylin, equivalent to 73°47 per cent. 

(ii) 0302 ,, 0-220 ~” a 72°84 =, 

(iii) 0-430 ,, 0314 a ” 73°02 =a, 
C,,H,,0,(C,H,O), contains oroxylin = 72°84 per cent. 

Dibromoroxylin, C,,H,,0,Br,,.—One gram of oroxylin was dissolved 
by heating with 20 cc. of glacial acetic acid, and to the solution was 
added 1 c.c. of bromine. The mixture was allowed to evaporate on a 
water-bath until it commenced to crystallise, when it was set aside 
and the mother liquor poured off from the crystalline magma, The 
product, after three recrystallisations from acetic acid, was obtained 
in pale yellow needles which began to melt at 173° and dissolved 
readily in alcohol or ether. 

0308 gave 0:233 AgBr. Br =32°19. 

0428 ,, 0320 AgBr. Br=31°81. 

C,)H,,0,Br, requires Br = 32°23 per cent. 
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Decomposition Products. 


Oroxylin was boiled for half an hour with a 50 per cent. solution of 
caustic potash. When cold, it was diluted with water, neutralised 
with hydrochloric acid, and agitated with ether. The ethereal layer 
yielded a small quantity of a neutral substance, which, after pwi- 
fication, answered the test for phloroglucinol with pinewood and 
hydrochloric acid. The neutralised liquid was then acidified and 
again shaken with ether. The ethereal layer left, after evaporation, 
a much coloured residue. The crude product was extracted with 
light petroleum, which by slow evaporation gave a crop of fine, 
colourless needles having an aromatic odour. This crystalline sub- 
stance sublimed unchanged, melting at 120°. An aqueous solution, 
when neutralised by caustic soda, gave a reddish-brown colour with 
neutral ferric chloride. Its melting point, solubilities, and behaviour 
towards reagents afford conclusive evidence that it is benzoic acid, 

A second quantity of oroxylin was similarly treated with a 20 per 
cent. solution of caustic potash with a similar result, except that in 
addition to benzoic acid a small quantity of phthalic acid was detected. 

A third quantity was digested for half an hour with fused potash 
maintained at a temperature of about 180°. Again the chief pro- 
duct proved to be benzoic acid. 

When oroxylin was allowed to stand in a 5 per cent. solution of 
potassium hydroxide at the ordinary temperature, a considerable 
liberation of benzaldehyde occurred. 

Potassium permanganate is instantly decolorised by oroxylin, 
phthalic acid being one of the products of the reaction, as recognised 
through the fluorescence resulting from the interaction with resoreinol. 

The following negative results indicate the absence of a methoxylor 
ketonic group in oroxylin, and also prove that it is not a weak acid. 

1. The application of Zeisel’s method for the estimation of meth- 
oxyl gave negative results. 

2, When treated with a mixture in suitable proportions of pot- 
assium iodide and iodate, there was not the faintest liberation of iodine, 

3. Several attempts were made to induce oroxylin to interact 
with phenylhydrazine, but without success, neither phenylhydrazine in 
the presence of acetic acid, nor its hydrochloride, with or without 
acid, sufficed to convert it into a hydrazone. 


Summarising the results at present obtained, it appears that 
oroxylin forms a dibromo-derivative, that it contains an easily de 
tached benzene nucleus, that three hydroxyl groups are present, and 
that its composition may be represented by the formula C,)H,0% 
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(1l—Optically Active Dimethoxysuccinie Acid and its 
Derivatives. 


By Tuomas Purpie, F.R.S., and James C. Irvine, B.Sc. 


Previous papers on the use of silver oxide and alkyl iodide in alkyl- 
ating the esters of hydroxy-acids have shown that optically active 
mono- and di-alkyloxysuccinic and alkyloxypropionic acids can be 
readily obtained from active malic, tartaric, and lactic acids by this 
method. 

The alkyloxysuccinic acids mentioned are substances of considerable 
interest from a stereochemical point of view. Their close relationship 
to the common hydroxy-acids, which have formed the subject of so 
much research in this particular field, imparts of itself a special 
interest to them. Their etheric character protects them from the 
disturbing effects which the hydroxyl group is known to exercise on 
optical activity, and unlike most of the acyl derivatives of the hydroxy- 
acids, they can be examined as free acids or salts in solution without 
risk of decomposition, They are endowed with much higher optical 
activity than the parent acids, and are therefore well adapted 
for the investigation of problems relating to this property. We have 
already described various representatives of this class of optically 
active compounds, but it is evident that if general conclusions are to 
be reached on the points raised by their study, more extensive series 
of them must be examined. 

The present paper deals with dimethoxysuccinic acid, its methyl, 
ethyl, and propyl esters, and some of its metallic salts, 


Methyl d-Dimethoxysuccinate. 


The observed rotation of the methyl tartrate used in the prepara- 
tion of this compound was + 2°82° in the superfused state (= 1, ¢=20°), 
the corresponding value recorded by A. Pictet being 2°84°. On adding 
the silver oxide (3 mols.) to the solution of the tartrate (1 mol.) in 
methyl iodide (6 mols.), a vigorous action ensued, which had to be 
moderated by cooling. After heating the mixture for some time on a 
water-bath, filtering, and distilling off the ether which was used in 
washing the silver iodide, a liquid was ‘obtained which boiled nearly 
constantly at 132° under 12 mm. pressure and gave a distillate which 
rystallised quickly in radiating prisms. The substance, after being 
teerystallised from ether, melted at 51°, and gave on analysis : 


I, C=46-70; H=7'12. II. C=4655; H=6-98. 
C,H,,0, requires C= 46°60 ; H = 6-80 per cent. 
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The compound is readily soluble in water without. undergoing per. 
ceptible hydrolysis, also in alcohol, benzene, or chloroform, and may 
be conveniently crystallised from carbon disulphide or ether. Unlike 
methyl tartrate, it cannot be kept superfused, and the rotation of 
the pure liquid had therefore to be taken at 60°. The result was 
a= +93°48°, 7=1-001, d 60°/4°=1°1317, hence [a]f’= +82-52°, 

In preparing ethyl diethoxysuccinate from ethyl tartrate (Joc, cit.), 
the crude product contains a considerable quantity of: a less active 
compound, which is removed with some difficulty. The reaction 
between methyl tartrate and methyl iodide, on the other hand, gives 
an almost quantitative yield of dimethoxysuccinate ; from 45 grams 
tartrate we obtained 46 grams of the recrystallised substance, The 
fact that three different preparations showed practically the same 
specific rotation, namely, + 104°66°, 104°47°, and 104-60° in a 10 per 
cent. benzene solution at 20°, indicates that racemisation does not 
occur in the course of the chemical action, and this was further con- 
firmed by finding that fractional crystallisation produced no appreciable 
change of activity. 


Ethyl d-Dimethoxysuccinate. 


In preparing the alkyloxypropionic esters containing two different 
alkyl groups (Trans., 1899, '75, 486), it was found that the hydroxyl 
of the ethereal lactates can be alkylated with silver oxide and alkyl 
iodide without any interchange with the carboxylic alkyl group 
occurring. We find that tartaric esters behave similarly, ethyl 
dimethoxysuccinate being produced by the action of methyl iodide 
and silver oxide on ethyl tartrate. 

The ethyl tartrate used in our preparations gave a= +9°11° (/=1, 
t= 20°), Pictet’s value being 9:24°. The proportion of materials and 
the method of procedure were the same as described above ; the reaction 
here was apparently less vigorous, and a perceptible quantity of water 
was produced. From 41 grams of ethyl tartrate we obtained 42'5 grams 
of a thick, yellowish oil, which boiled at a nearly constant temperature, 
and gave the rotation a®” = 95-96° (/=1). The methods used in the case 
of the methyl ester, for assuring ourselves that the action was coml- 
plete, not being available, the product was subjected to further treat 
ment with silver oxide and methyl iodide. A second treatment witha 
third of the quantities of the reagents originally used raised the rotation 
to 98°66°; after a third similar treatment, the rotation found was 
98°47°, and after another distillation (b, p. 155° under 25 mm. 
pressure) 98°61°. The substance was accordingly regarded as pure. 

Analysis gave : 


C=51:33; H=7'82. ©,,H,,O, requires C=51-28 ; H=7°69 per cent: 
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The compound was further identified by analysis of the dried 
jarium salt obtained from it by hydrolysis with barium hydroxide, 
which gave Ba = 43°91, the calculated number for barium dimethoxy- 
secinate being 43°77, and by the fact that the acid prepared from 
this barium salt possessed the same activity as that prepared from 
methyl tartrate in the reaction already described. 

The ester did not solidify, and was much less soluble in water than 
the methyl homologue. Specific rotations taken in a 1 dem. tube gave: 


d 10°/4°=1'1055, [a] = +90°70°. 
d 15°/4°=1-1020, [a}*= 90-26. 
d 20°/4°=1-0961, [a]}x”"= 89°96. 
d 60°/4°=1°0556, [a]®”= 85°39. 


Propyl d-Dimeth oxysuccinate. 

We are indebted to Mr. E. J. Balfour, who is preparing some of 
the higher dialkyloxysuccinic esters, for the following data concerning 
this compound ; 
= +90°12° 7=1, d 20°/4°=1°0612, [a] = +84°92°. 


a” = 
a™ 


= 482-98°, =1, d 60°/4°=1-0237, [a]%”= +81-06° 


d-Dimethoxysuccinie Acid. 


This acid was prepared from the methyl ester by hydrolysing it 
with a 10 per cent. aqueous solution of potassium hydroxide, acidifying, 
and extracting with ether, and also from the methyl and the ethyl 
eters by hydrolysing with barium hydroxide and decomposing the 
crystallised hydrated barium salt with the calculated quantity of 
sulphuric acid. The latter is the preferable method, as ether does not 
extract the acid easily from an aqueous solution. The compound is 
readily soluble in water, alcohol, or acetone, much less so in ether, and is 
sareely dissolved by benzene or carbon disulphide. It crystallises 
from water in small prisms and from acetone in large plates. Orystals 
obtained from an aqueous solution, after drying in a vacuum, melted at 
51°, but not very sharply, owing perhaps to slight decomposition. 

Analysis of the acid, dried at 100°, gave 


C=40-26 ; H = 5°77. 
C,H, ,0, requires C= 40°45 ; H=5:62 per cent. 


Observations on the rotatory power of the acid in solution are 
recorded below. 

The diacyl- and dialkyl-succinic acids in general yield anhydrides 
readily, and the dialkyloxysuccinic acids might be expected to behave 
amilarly, Our attempts, however, to prepare dimethoxysuccimic 
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anhydride were not successful. When the dry acid was treated with 
boiling acety] chloride, and the excess of the reagent then evaporated, 
the residual liquid deposited well formed cubes, which melted at a much 
lower temperature than the acid, namely, at about 77°, and the substance 
still retained the low melting point after recrystallisation from chloro. 
form. On recrystallising, however, from boiling ether, needles were 
obtained which had approximately the same melting point as the acid, 
The melting point rose in a similar manner on heating the substance 
at 100°, and on letting it stand for some days at the ordinary ten- 
perature in a vacuum. The low melting point might perhaps be due 
simply to solvent adhering to the acid, and the subsequent rise to its 
removal, but the observations suggest the possibility of isomeric 
change, and we intend to examine the reaction with larger quantities 
of material. An attempt to convert the acid into anhydride by dis 
tilling in a vacuum resulted in complete decomposition. 


d-Dimethoxysuccinamide. 


When a concentrated solution of the methyl ester in methyl alcohol 
was saturated with ammonia, this compound was deposited slowly in 
the form of a mass of felted needles. After being dried at 100°, it was 
analysed with the following results : 


I. C=40°86; H=7:22, II. C=4084; H=7:10; N=1609, 
C;H,,0,N, requires C= 40°91; H=6°82 ; N=15-91 per cent, 


The substance is insoluble in the ordinary organic solvents, and 
very sparingly soluble in cold water, but more soluble in boiling water, 
from which it crystallises unchanged. As the following observations 
of its optical activity had consequently to be made on very dilute 
aqueous solutions, the results are only approximate. 


c=0°72, 1=2, a?” = +1-36°, hence [a]j’= +94°44°. 


The amide was prepared with the object of obtaining the imide 
from it by the action of heat, as an examination of this sub 
stance, it was thought, would throw some light on the influeue 
of ring formation on optical activity. The amide did not suffer 
any loss of weight when heated to 160° in an air-bath, but whe 
heated strongly in a test-tube it fused and volatilised with 4 
considerable evolution of ammonia and some charring. By distil 
ation in a vacuum on a graphite bath, the substance entirely sublimed 
without fusion or charring in beautiful needles an inch long, which 
resembled the original substance in respect of insolubility and difficult 
fusibility, but showed a considerably higher specific rotation, namely 
+105°9°. A combustion giving C =40°80, H=7:18 per cent, proved 
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however, that the substance was unaltered amide, the high rotation 
being due probably to the presence of a small quantity of some more 
active product. 


Metallic d-Dimethoxysuccinates. 


The diammonium and ammonium hydrogen salts both crystallise 
readily, the former in needles, the latter in prisms. The dipotassium 
alt is very soluble, and was not obtained in definite crystals; the 
hydrogen potassium salt crystallises in radiating needles. The silver 
salt is very soluble in water and decomposes when its solution is 
evaporated. The magnesium salt on evaporating its solution leaves 
sgum, which solidifies to a glass. The following salts, whose rota- 
tory powers were observed, were analysed ; the numbers given are the 
percentages of metal in the dehydrated salt. 

Disodium Salt.—Feathery aggregates very <oluble in water. Found 
Na=20°80 ; calculated 20°72 per cent. 

Sodium Hydrogen Salt.—Minute prisms, less soluble than the normal 
salt, anhydrous at 100°. Found, Na= 11°36 ; calculated, 11°50 per cent. 

Barium Salt.—Well developed, short prisms containing 5 mols. of 
water of crystallisation ; sparingly soluble in water. Loss of water 
at 168°; H,O = 22°27 ; 5H,O requires 22°31. Found, Ba = 43°65, 43°72 ; 
calculated, 43°84 per cent. One hundred c.c. of an aqueous solution 
saturated at 20° contained 1°38 grams of anhydrous salt. 

Calcium Salt.—Prisms, fairly soluble, containing 2 mols. of water 
of crystallisation, which are given off entirely only at about 160°. 
loss of water; H,O=14°62, 14:22; 2H,O requires 14:28. Found, 
(a=18°55, 18°47 ; calculated, 18-52 per cent. 

Zine Salt.—Aggregates of prisms, containing 2 mols. of water of 
crystallisation, which are lost at 160°. Loss of water; H,O=12°88 ; 
2H,0 requires 12'98. Found, Zn= 26°71, 27:03; calculated, 27-09. 
A solution saturated at 20° contains about 4°4 per cent. of anhydrous 
salt. 

The rotations of the acid and its metallic salts in solution are tabu- 
lated below. The observations were taken at 20° in a 2 dem. tube. 
One or more solutions of each substance were prepared, and the others 
of different concentration weve procured from these by dilution ; in the 
case of the acid and the sodium hydrogen salt, the quantities used 
were weighed, and the solutions made up to known volumes at 20°, 
but in the case of the other salts, as they could not be dehydrated 
Without a risk of impairing the activity, the concentrations were 
ascertained by weighing the dry residues left on evaporating known 
Volumes, and controlling the result by estimating the metal by in- 
cineration. The acid and salts were in general examined in solutions 
of nearly equivalent strength ; the approximate concentrations with 
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respect to anhydrous substance, in terms of a normal solution, ay 
given in the column headed JN. 


Rotatory powers of solutions of d-dimethoxysuccinic acid and its salls, 


[a], (ay 


Substance. Solvent. 


+89°29° +158°9° 
91°30 162°5 
95°80 1705 
72°28 1287 
74°74 133'0 
75°39 184'2 
76°63 136°4 
57°03 
57°31 
58°50 
52°68 
53°02 
54°00 
27°22 
42°38 
43°83 
46°37 
— 5°95 
+6'18 
17°39 
36°62 


Acetone 8°9091 
" 3°5595 

me 1°7797 
Water 17°5839 
89104 
4°4570 
1°7812 
10°0116 
5°0078 
oes 2°0000 
Disodium salt 10°1755 
5°0830 
2°0370 
Barium salt 1°3775 
Calcium salt 10°6535 
5°3160 
oe 2°1850 
Zinc salt 4°3690 
2°1845 
1:0923 
0°5461 


9) 


39 
93 
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Discussion of Results. Ethereal Dimethoxysuccinates. 


The ethereal tartrates, like the malates and lactates, exhibit a re- 
markable rise of optical activity when their alcoholic hydroxyl is 
alkylated. It seems probable that the alkylation with silver oxideand 
alkyl iodide is effected by simple substitution, possibly through the 
formation of an intermediate unstable silver derivative, and it is 
therefore very unlikely that any inversion of configuration occurs, 
such as Walden encountered in the interconversion of malic and chloro- 
succinic acids. As, however, in the opinion of its discoverer (Ber., 1899, 
32, 1864), the change of configuration in this case occurs during the 
hydrolysis of the halogen-succinie acid by silver oxide, and as this re- 
agent was also used in our method of alkylation, we thought it well to 
assure ourselves that no inversion had taken place, by reconverting 
the dialkyloxysuccinic acid into tartaric acid. It will be seen in the 
succeeding paper that by the action of hydriodic acid on dimethoxy- 
succinic acid d-tartaric acid is produced. The ethereal tartrates and 
dialkyloxysuccinates of similar sign of rotation possess therefore 4 
similar configuration, and the effect of alkylating the tartrates is to 
largely increase the dextro-rotation. This effect differs in a marked 
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from that produced by the introduction of acyl groups into the 
tartrates, which either alters the rotation in the positive sense com- 
paratively slightly, or more frequently produces an effect in the opposite 


. direction. 


It is now generally recognised that the influence of substitution on 
the optical activity of a compound depends more on the chemical 
nature of the introduced group than on its mass, and that radicles of 
alike kind cause changes of rotation which are similar with respect to 
direction, and similar also, in a general sense, quantitatively. This 
point has been brought forward prominently in recent communications 
to this Journal by Frankland and his pupils (Trans., 1900, ‘77, 1108; 
1901, '79, 511), and by Guye (Trans., 1901, 79, 475). The following 
data selected chiefly from Frankland’s paper (Joc. cit.), to which we add 
our own observations on mono- and di-alkyloxysuccinates, will suffice to 
show the relative effects of the introduction of alkyl and acyl groups 
into ethyl tartrate and malate. To facilitate the comparison of the 
two series of compounds, we have halved the molecular rotations of the 
tartrate derivatives, and have regarded the malic compounds as derived 
from d-malic acid, the stereo-chemical analogue of d-tartaric acid. 


| 


Malic derivatives. &.| ([M]p. Tartaric derivatives. 


| 
ALE * ...s.ssesesesseeeeeeceeeee| 17° |+121°0° | Ethyl diethoxysuccinate t 

Ethyl monomethoxysuccin- 
ate * 102°2 | Ethyl dimethoxysuccinate 

Ethyl diphenacetyltar- 


Ethyl monoethoxysuccin- 


Ethyl bromoacetyl malate... 69°9 


Ethyl acetylmalate + 52°4 | Ethyl diacetyltartrate 
Ethyl malate + , 20°2 | Ethyl tartrate 

Ethyl benzoylmalate 11°4 | Ethyl dibenzoyltartrate ... 
Ethyl p-toluylmalate 0°68} Ethyl di-y-toluyltartrate.. 


* Trans., 1895, 67, 979. 

t Zeit. physikal. Chem., 1895, 16, 495. 

+ Trans., 1899, 75, 159. A later preparation of this compound shows that the 
totation given is probably about 2° too low. 


It will be seen that, with respect to their influence on the rotation 
of both malate and tartrate, the alkyl radicles stand at the positive, the 
aromatic acyl groups at the negative, end of the scale, whilst the fatty 
acyl groups, including phenacetyl, hold an intermediate position. The 
effects of the substitution of the hydroxylic hydrogen of the ethereal 
lactates by alkyl radicles (Trans., 1899, '75, 487), and by benzoyl 
and acetyl radicles (Proc., 1895, 11, 54), show a similar relation. 
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Considering the members of the tartaric series as derived from the 
corresponding malic compounds by the introduction of OR into the 
group CH,°CO,Et, it might be supposed that this substitution, occurring 
not in immediate proximity to the asymmetric carbon atom, would 
possibly not affect the rotation greatly. The supposition proves, in 
fact, to be correct with respect to the introduction of the alkyloxy- 
radicle into the monoalkyloxysuccinate, the dialkyloxysuccinates 
having, as will be seen, approximately the same rotation as the 
monoalkyloxysuccinates. The introduction of hydroxyl, on the other 
hand, into ethyl malate, or of an acyloxy-group into the corresponding 
acylmalate, produces a marked effect, which shows itself in the rota- 
tions of the tartrate and its derivatives by a general shifting of the 
values in the levo-direction. That is to say, the rotation of the mono- 
alkyloxysuccinate is scarcely affected by the introduction of a second 
alkyloxy-group; the dextro-rotation of the malate is considerably 
reduced by the introduction of another hydroxyl group, whilst with 
the acylmalates the effect of the substitution is still greater in the 
same direction, the slight dextro-rotation, for instance, of the p-toluyl- 
malate becoming a powerful levo-rotation in the di-p-toluyltartrate. 
It is impossible at present to offer any explanation of this difference 
in the behaviour of the monoalkyloxysuccinates and acylmalates with 
respect to the effect of further substitution ; it may be due either to 
the difference in the nature of the introduced groups or to the different 
states of dissymmetry of the parent monosubstituted compounds, or to 
both causes combined. 

In view of recent researches, and more particularly of Frankland’s 
exhaustive survey of the known homologous series of optically active 
compounds, which exhibit a maximum rotation (Trans., 1899, '75, 347), 
it must be admitted that the attempt to find a relation between Guye’s 
product of asymmetry and the rotatory powers of compounds has not 
met with success, and will probably have to be abandoned. Although 
failure has attended this attempt, the more general form of the original 
conception put forward by Guye and Crum Brown still survives, and 
may serve as a guide in research. According to this conception, the 
measure of rotatory power may still be represented as the product of 
the differences of each pair of four coefficients, the values of which, 
however, are conditioned by other factors besides mass, and @ pr 
gressive variation in the value of one of these may result in the occur 
rence of maxima of rotation. Homologous series, therefore, in which 
the phenomenon of a maximum rotation is found, still deserve particular 
attention. 

It will be seen, from our observations tabulated below, that the 
specific rotations of the three dimethoxysuccinic esters at 60° shows 
distinct maximum at the ethyl term, 
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Ethereal dimethoxysuccinates. ~ 


Mol. vol. Mol. vol. 
faye. | (My. - | [(MJ®. | calculated experi- 
for 15°, mental. 


170°0 181°5° | 182-0 (60°) 
199°8 213°7 212°3 (15°) 
212°5 245°9 246-9 (20°) 


It was impossible to take observations on the methyl ester at lower 
temperatures, but even if the rise of rotation attending the fall of 
temperature from 60° to 20° were greater for this compound than for 
the other two, which might be the case, the maximum rotation 
exhibited by the ethyl term would probably still persist at 20°, 

Frankland (Joc. cit.) concludes, from certain considerations, alluded to 
below, that the maxima of specific rotation exhibited by the ethereal 
malates and lactates are probably attributable to the depression of the 
rotations of the lower members of the series by molecular association. 
The maximum exhibited by the dimethoxysuccinates cannot, however, 
be accounted for in this way. The methyl ester, it is true, according 
to Traube’s method of calculating association factors, should be con- 
siderably associated at 20°, as its experimental molecular volume, even 
at 60° (see the Table), is only just in excess of the value calculated 
from his constants, which refer to 15°, and the ethyl term is little, if 
at all, associated at the lower temperature. It is shown, however, 
in the succeeding paper (p. 973), that the specific rotation of the methyl 
ester at 20° in water is 78°5°, and that the substance under these con- 
ditions has a normal molecular weight ; that is to say, the dissociating 
solvent, water, lowers the rotation to a value even below that of the 
pure liquid at 60°, whilst the rotation of the ethyl compound, it was 
found, is little affected by water. Assuming, then, in accordance with 
prevalent ideas, that- associated molecules are present in the pure 
liquid methyl ester, and that they influence the rotation, their effect 
would be to raise it, and, consequently, were the methyl compound in 
the unimolecular condition, the maximum exhibited by the ethyl term 
Would be still tore pronounced. 

The molecular rotations, it will be seen, increase from the methyl 
term upwards but tend towards a maximum. The completed series 
would probably present the same phenomena as others in which a 
Maximum occurs, of which Guye and Chavanne’s amyl esters of the 
fatty acids (Bull. Soc. Chim., [iii], 1896, 15, 183, 275), Reitter’s ethyl 
acetylmalates (Zeit. physikal, Chem., 1901, 36, 164), and Frankland’s 
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glycerates and diacetylglycerates (Trans., 1894, 65, 755) are typical, 
namely, a rise of molecular association to a maximum, which either 
remains nearly constant or is followed by a more gradual fall, 

Frankland, in the paper already quoted, suggests that the phenomenon 
of maximum specific rotation exhibited by certain homologous series 
is probably attributable to two distinct causes; in the case of the 
ethereal malates and lactates, the maximum is only apparent, being 
reasonably explicable as due to the association of the initial terms; in 
that of the tartrates, glycerates and diacetylglycerates, the maximum 
cannot be thus accounted for, and is due to some other cause, He is 
led to this conclusion by the observation that, whilst ethyl malate has 
a higher specific rotation than methyl malate, the order of the values for 
the corresponding benzoyl-and toluyl-malates is reversed, this phenomenon 
being coincident with the fact that the malates, on the evidence of 
Traube’s method, are associated (the methyl term, however, much 
more so than the ethyl term) and the acylmalates, referred to, un- 
associated. He finds similar relations on comparing the malates with 
Walden’s fatty acylmalates and chlorosuccinates, and concludes that 
it is not improbable that the real values of [a], for the unimolecular 
malates diminish in passing up the series from the methyl term. A 
similar argument and conclusion apply to the lactates. On the other 
hand, the maximum rotation observable in the tartrates, glycerates, and 
diacetylglycerates cannot, he thinks, be thus explained, because it is so 
very pronounced, and because in their substitution compounds, which 
show little or no evidence of association, the relationship between the 
rotations of the methyl and ethyl esters is retained. 

We doubt if the facts really warrant this explanation of the 
maxima of rotation presented by the malates and lactates. First, 
with respect to the reversed order of the specific rotations of the 
initial terms of the series of substituted malates, the reversal in 
question is not quite general. The decrease of values on ascending 
the series of fatty acylmalates is so slight and irregular as to be 
within the limit of experimental error, and the case of the chlorosue- 
cinates cannot be cited in support of the hypothesis, if Walden’s views, 
(Ber., 1899, 32, 1864) published since Frankland’s paper, are correct. 
In Walden’s opinion, the dextrorota tory chlorosuccinates correspond in 
configuration to the/-malates, and ought, therefore, according to the hypo- 
thesis, to show an increase of rotation with ascent of the series instead of 
a pronounced decrease which they actually exhibit. Further, we doubtif 
the assumption on which the hypothesis is based is warranted. Itis 
assumed, namely, that when a series of esters is transformed by sub- 
stitution into a new series, if the supposed disturbing influence of 
association is absent, the members of the substituted series will present 
the same order of rotation values as the parent series, each rotation 
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being simply shifted by a certain amount in the positive or negative 
direction, as the case may be. This may not, however, hold true, for 
independently of any effect due to changed degree of association, the 
substitution may influence the state of dissymmetry of successive 
members of the series in different degrees and so produce a considerable 
change in the relation of their rotation values, or even reverse their 
order from the first term onwards. The dimethoxysuccinates present 
acase in point. By methylating the tartrates, the maximum specific 
rotation of the series is displaced from the propyl to the ethyl term, 
with the result that, although none of the compounds concerned are, 
according to Traube’s method, affected by association, ethyl dimethoxy- 
succinate has nevertheless a higher specific rotation than the propyl 
compound, whilst, of the corresponding tartrates, the propyl compound 
has the higher rotation. 

In default of more conclusive evidence, we incline to the view that, 
although the rotations of the initial terms of the series of malates and 
lactates may probably be lowered to some extent by molecular associa- 
tion, the maxima of rotation exhibited by them is attributable to the 
same causes as those of the tartrates and other series. 

The discussion of this subject raises the fundamental questions of 
the influence of molecular association on rotation and of the trust- 
worthiness of Traube’s method of determining the association factor. 
In the succeeding paper, it is shown that solvents may’produce marked 
changes of rotation without any change of association, and that 
association may be similarly produced without change of rotation ; 
association évidently does not play a predominant part in the changes 
of rotation due to solvents, and it is extremely doubtful if it has much 
influence in the case of pure liquids. Traube’s method of determining 
the association factor has not met with general {acceptance, and it is 
doubtful how far its results may be relied on. The association 
factors of the lower members of a homologous series of esters deter- 
mined in this manner are frequently greater than unity, and diminish 
gradually, on ascending the series, to the latter value ; this is inter- 
preted in discussions on optical activity as indicating gradually 
decreasing molecular association, but it is commonly ignored that on 
ascending further in the series the value of the factor does not remain 
constant, but continues to decrease steadily, and yet the latter 
phenomenon jis surely equally significant with the former. This 
decrease can scarcely be held to indicate dissociation, and the more 
obvious conclusion seems to be that on ascending the series there is a 
gradual increase of molecular volume in excess of that due to the in- 
crease of mass, caused, it may be supposed, by a lessening of the 
internal forces of -the liquid. The molecular expansion which 
accompanies the pasSage upwards through the lower members of a 
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series, such as the esters of the hydroxy-acids, is due, no doubt, partly 
to disgregation of associated molecules, but the expansion evidently 
does not cease at the term where association is supposed to disappear, 
but extends findefinitely through the series. This suggests a doubt 
whether in such series Traube’s method can be relied on for ascertain- 
ing even roughly the degree of association or the point in the series 
where association ends. 

T. 8. Patterson’s views on the cause of the changes of rotation 
produced by solution (Trans., 1901, '79, 167, 477) suggest the idea 
that the changes of rotation attending the ascent of a homologous 
series of homogeneous liquids may also be due largely to the lessening 
of the internal forces, manifested in the abnormal increase of mole. 
cular volume above referred to. 


Solutions of Dimethoxysuccinic Acid and its Salts. 


The rotation of dimethoxysuccinic acid in aqueous solution is more 
constant, as was to be expected, than that of tartaric acid ; it in- 
creases with dilution, like that of the hydroxy-acid, but the relative 
increase is much less. Dimethoxysuccinic acid, however, does not 
exhibit quite such a constant rotation as the monomethoxy-acid 
(Trans., 1895, 67, 949), and the two acids do not show the quan- 
titative relation presented by their ethyl esters (p. 969), half the 
molecular rotation of the former (68°2°) being much in excess of that of 
the latter acid (48-9°). The ion of the former acid, as pointed out below, 
is also more active than that of the latter. It is worthy of notice that 
in acetone solutions, on the other hand, in which the rotations of both 
acids are much raised, the relation in question holds good, the mole- 
cular rotation of the monomethoxy-acid (88°9°, Joc. cit.) approximating 
to half that of the dimethoxy-acid (85:2°). 

With respect to the salts, in dilute solution they are dextrorotatory 
like the acid and its esters, and their rotations increase with dilution. 
The calcium salt shows a much greater rise with dilution than the 
normal sodium salt, and the molecular rotations of both barium and 
calcium salts in dilute solution fall further short of the maximum mole- 
cular rotation of the sodium salt than the law of Oudemans and 
Landolt would lead us to expect. The monoalkyloxysuccinates show 
similar relations (Trans., 1893, 63, 239). According to van’t Hoff 
this behaviour of the salts of bivalent metals of polybasic acids is 
probably attributable to the influence of ring formation, as well as t0 
less advanced electrolytic dissociation. This view is supported by the 
fact that the molecular rotations of the corresponding salts of the 
monobasic alkyloxypropionic acids (Trans., 1899, '75, 490), approximate 
much more closely to the maximum. On the other hand, the 
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able behaviour of zinc dimethoxysuccinnate, which even in a 4 per cent. 
solution is already levorotatory, is not to be accounted for as van’ t 
Hoff suggests, as the zinc alkyloxypropionates (loc. cit.) show a simi- 
lar abnormally rapid change of rotation with change of concentra- 
tion. The known low degree of electrolytic dissociation of zinc salts 
(Zeit. physikal. Chem., 1898, 2'7, 399), and hydrolytic dissociation are 
probably the disturbing factors here. 

The rotations of aqueous solutions of the mono- and di-alkyloxy- 
succinic acids and their salts show some further relations which de- 
serve notice ; these may be seen from the following data abstracted 
from the presefit and previous papers (Trans., 1893, 63, 239; 1895, 
67, 955 ; 1899, 75, 159). The numbers quoted are molecular rota- 
tions, halved in the case of the dialkyloxysuccinic compounds, and the 
differences given are the percentage rises of rotation between successive 
terms in ascending the series. 


Mono- and di-alkyloxysuccinic acids. 


F : Hydrogen : Normal 
Acid. | Diff. |) sixali salt. | Di |) alkali salt. 


Monomethoxysuccinic ...| 48°9° 43°6° 21°4° 


| 
| ° 
Monoethoxysuccinic 52°7 | 57°8 35°9 


Monopropyloxysuccinic,..| 63°8 692 43°5 
Dimethoxysuccinic 68°2 58°5 59°9 
Diethoxysuccinic 68°5 _— 51°4 


The ethereal monoalkyloxysuccinates (Trans., 1895, 67,979) exhibit 
a rise of molecular rotation in passing from the methoxy- to the corre- 
sponding ethoxy-compounds ; the esters of the propyloxy-acid have not 
yet been prepared, but it is probable that the increase will still con- 
tinue to this term of the series. In agreement with the esters, the 
monoalkyloxy-acids, acid salts, and normal salts, as will be seen from 
the table, show also a rise of molecular rotation on ascending the 
series, The rise between the ethoxy- and propyloxy-compounds is 
uniform, namely, 20—21 per cent. whether acids, acid salts, or normal 
salts are considered, but the‘relations of the methoxy- to the ethoxy- 
compounds are quite different, the rise here being much less for the 
acids (7-8), much greater for the acid salts (32°6), and still greater for 
the normal salts (67 8); The effect of the methoxy-group, as compared 
with that of the higher alkyloxy-radicles, is to raise the rotation of- 
the slightly dissociated acid and to lower the rotation of its ion. This 
effect of the lowest term of this series of radicles in raising the rota- 
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tion of the acid in aqueous solution is of some interest, as it explains 

similar perplexing relations encountered in the alkyloxypropionates 

(Trans., 1899, '75, 490; 1898, '78, 874). The following diagram 

represents the relations of the alkyloxypropionic compounds with 

respect to the values of their molecular rotations, so far as they have 
been studied : 

Methoxy-ion < ethoxy-ion < propyloxy-ion (aqueous solution). 

Methoxy-acid > ethoxy-acid < propyloxy-acid ( » ) 

Methoxy-acid > ethoxy-acid (liquid). 

Methoxy-esters > ethoxy-esters ( ,, ) 

The difference found between the rotations of the methoxy- and 
ethoxy-acids in the liquid state was very slight, but in general it may 
be said that in the case of the undissociated esters and slightly dis- 
sociated acids, particularly in the presence of water, the methoxyl 
group has a peculiar effect in raising the optical activity. 

With respect to the dialkyloxysuccinic compounds, the methoxy- 
esters are less active than the ethoxy-esters, so far as these have been 
examined, and it might have been expected that aqueous solutions of 
the two acids would show the same relation, but here again the pecu- 
liar effect of the methoxy] group asserts itself, with the result that the 
acids have nearly the same molecular rotation ; in contradistinction to 
what might have been expected from the relations of the monoalkyl- 
oxysuccinic acids, which have been indicated above, the effect of the 
methoxyl group in raising the rotation extends to the ion of di- 
methoxysuccinie acid, sodium dimethoxysuccinate having a higher 
molecular rotation than the corresponding diethoxy-salt. 

In conclusion, we point out a general relation which seems to hold 
between the hydroxy-acids and the corresponding alkyloxy-acids, which 
has been alluded to in previous papers (Trans., 1899, '75, 160), and 
finds further illustration in tartaric and dimethoxysuccinic acids. The 
molecular rotations of dilute aqueous solutions of the normal 
d-malates, d-lactates, and d-tartates are much higher in the dextro- 
sense than those of the corresponding free acids; in the case of the 
alkylated derivatives, on the other hand, the rotations of the normal 
alkali salts are much lower, or, at most, only slightly higher, than those 
of the free acids ; that is to say, the rise of rotation produced by alkyl- 
ation tells much more strongly on the hydroxy-acids than on their 
salts. The known marked-influence of hydroxyl groups on the 
physical properties of compounds, and the great effect of varying 
concentration on the rotation of aqueous solutions of the hydroxy: -acids, 
suggests that the cause of the general relation just indicated is to be 
sought for in some peculiarity of the latter acids, which has the effect 
of lowering their optical activity. 

We are at present engaged in an investigation of the higher members 
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of the series of dialkyloxysuccinic acids and their derivatives, which 
we hope may throw some light on the relations of the members of the 
group with respect to optical activity. 


UniteED CoLLEGE oF St. SALVATOR AND St. LEONARD, 
University oF St. ANDREWS. 


CUL—The Influence of Solvents on the Rotatory Powers 
of Ethereal Dimethoxysuccinates and Tartrates. 


By Toomas Purpiz, F.R.S., and Witi1am Barsour, B.Sc., Berry 
Scholar in Science. 


Tar observations recorded in this paper were made with the view of 
comparing the effect of solvents on the rotations of ethereal tartrates 
and their alkylated derivatives, the ethereal dimethoxysuccinates. The 
facts already known concerning the influence of solvents on optical 
activity, more particularly the extended observations of Freundler on 
the ethereal diacyl tartrates (Ann. Chim. Phys., 1895, [vii], 4, 235), 
and the recent systematic investigation by Patterson (Trans., 1901, 
79, 167, 477) of the influence of various solvents on ethyl tartrate, 
suflice to show that the action in question, even in the case of non- 
electrolytes, is very complex, and that at present no general theory on 
the subject can be formulated. 

The phenomena presented by the esters of tartaric and other hydroxy- 
acids are probably much complicated by the presence of the hydroxyl 
group, which is well known to exercise a marked influence on physical 
properties in general, and it appears from Freundler’s researches that, 
even when the hydroxy] is acylated, variations of optical activity occur 
under the action of solvents, for which it is difficult to discover a satis- 
factory explanation. Freundler, for instance, was led to conclude that 
the effect of benzene on the rotations of the diacyltartrates was con- 
nected with a peculiar form of dissociation, in which the acyl groups 
Were split off from the compounds. It seems probable that the alkyl- 
ated esters of hydroxy-acids should present phenomena of a less com- 
Plex kind, and that they should be less subject, at all events, to 
the possible disturbing effects of molecular association than the parent 
esters. We purpose, therefore, investigating the action of solvents on 
the rotations of mono- and di-alkyloxysuccinic and alkyloxypropionic 
esters, and in the present preliminary paper we record observations on 
solutions of the three dimethoxysuccinic esters described in the pre- 
ceding communication, in water, methyl alcohol and benzene, We 
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have also made some observations on solutions of the corresponding 
tartrates, but have refrained from proceeding further with these 
compounds, as we understand that Mr. Patterson’s investigation, 
alluded to above, will include the whole series of tartaric esters, 


Conversion of d-Dimethoxysuccinic Acid into d-Tartaric Acid. 


For a comparison of the rotations of the tartaric and dialkyloxy. 
succinic esters, it is essential that the relationship of the two classes 
of compounds, with respect to configuration, should be known with 
certainty. As indicated in the preceding paper, it is very improbable 
that in the process of alkylating the esters of optically active hydroxy. 
acids with alkyl iodide and silver oxide, any inversion of configuration 
occurs, but we thought it well, nevertheless, to set the question at rest 
by reconverting dimethoxysuccinic acid into tartaric acid. 

5°5 grams of d-dimethoxysuccinic acid were accordingly heated with 
ten times the weight of fuming hydriodic acid in a sealed tube at 100° 
for 8 hours. The production of an oily layer, smelling of alkyliodide, 
indicated that the desired reaction had occurred. The aqueous layer, 
after most of the hydriodic acid had been removed from it by heating 
in a vacuum, deposited a crystalline acid on standing in a desiccator 
over potash ; this, after washing with ether to remove iodine and re 
crystallising from water, me]ted at 167°. The melting point of tartaric 
acid is 167—170°. A determination of the specific rotatiomin aqueous 
solution at 20° gave c=4-097, J=2, a= +1:24°, [a]p’=s +1518. 
According to Landolt (Ber., 1873, 6, 1075), the specific rotation of tar- 
taric acid under these conditions is 14°52°. The sparingly soluble 
potassium hydrogen salt of the acid gave in aqueous solution at 20 
c=0°615, J=4, a= +056 [a}’= +22°76°, the value quoted by 
Landolt for potassium hydrogen tartrate at the same concentration 
being +22°61°. On analysis, the salt gave 


C= 25°66; H=2°80; K=20-47, 20-84. 
C,H,O,K requires C=25°51; H=2-66 ; K=20°81 per cent. 


d-Dimethoxysuccinic acid yields d-tartaric acid by the treatment 
described, and as the esters in both cases are active in the same sens 
as their acids, it follows that ethereal dimethoxysuccinates and tar- 
trates of similar sign of rotation have the same configuration, 

In the tables below, we give the results of our polarimetic observ 
tions. The dimethoxysuccinic esters used were prepared in the sale 
manner as the specimens described in the preceding paper, and, 
will be seen from the numbers quoted, they showed practically the 
same specific rotations as the-previous preparations. The tartrate 
used were obtained from Kahlbaum, and purified by fractional dis 
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tillation. In calculating the specific rotation of these esters, the 
specific gravities quoted by Pictet were used. The observations were 
taken in a 2 dem. tube at 20°. The specific gravity of the benzene 
used in the solutions was d 20°/4°=0°8785. The methyl alcohol 
employed was Kahlbaum’s, dried by distillation from calcium oxide 
and from sodium ; the specimen used in the observations on methyl 
dimethoxysuccinate had the specific gravity d 20°/4°=0°7927, but 
that used in the other observations, having accidentally absorbed 
moisture, had the specific gravity 0°7946. The concentration, c 
(grams of substance in 100 c.c. of solution), was determined in a few 
instances by making up the solution of a weighed quantity of substance 
to a known volume, but in most cases it was found from p (grams 
of substance in 100 grams of solution), and the specific gravity of the 
solution d 20°/4°. 


Methyl Dimethoxysuccinate. 


It was found impossible to take observations on the pure ester in 
the superfused state, but the following approximate data may be 
quoted, which are calculated from observations at 60° on the assump- 
tion that the changes with temperature are the same as in the case of 
the ethyl ester. 


[a= +87°, [MJ"= +1792", d 20°/4°=1°1751, ae a 


Solvent. 4 d 20°/4°. [a]. [M]?". | Mol. sol. vol. 


10°0315 78°45 
5°0319 78°50 
20°0036 101°68 209°4 
10°0128 104°66 215°6 
5°0060 105°47 217°3 


161°6 
161°7 


| 
19-9988 +78°71° | +162*1 
| 


p. 


11°1694 
23°0151 
12°0806 
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Ethyl dimethoxysuccinate. 
[a= +89°7°, [M}"= +209°9°, d 207/4°=1-0975, a =218-2 


Solvent. : d 20°/4°. [a]? [M}". | Mol. sol. vol, 


+89°11° | +208°5° 


0°8407 87°27 
0°8178 87°41 
0°8089 87°66 
0°9142 102°65 
0°8969 104°14 
0°8879 104°93 


Propyl dimethoxysuccinate. 
[a}’= +84:9°, [MJ2°= +222-4°, d 20°/4°=1-0608, =! =247°0. 


| 
Solvent. | p. d 20°/4° . [apP. (MP. Mol. sol. vol, 


Methyl alcohol | 23°7085 0°8479 +85°79° | +224°8° 242°3 
| 12°3697 0°8213 84°50 221°4 243°1 
6°6571 0°8086 84°99 222°7 244°0 
21°5619 0°9136 99°24 260°0 245°1 
11°4730 0°8966 101°00 264°6 245°7 
5°6932 0°8873 101°26 265°3 246°3 


Methyl tartrate. 
[a}= +2°14°, [MP= +8°8°, d 20°/4°=1°3284, = =134°0. 


Solvent. a207/4°. | [al]}”. [M}". | Mol. sol. vol. 


Water 50231 1°0131 +20°04° +35°7° 1263 


Ethyl tartrate. 
[a}"= of 762°, [M}?"= +} 15°7°, d 20°/4°=1 2059, = =170°8. 


Solvent. : a20°7/4°. | [a]}”. [M}2”. | Mol. sol. vol. 


21°0627 0°9308 +6°12° +12°6° 171°9 
10°7339 0°9038 6°29 13°0 173°4 
5°6479 0°8913 6°75 13°9 174°9 


—— 
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Propyl tartrate. 


[aP?= +19-31°, [MJ2°= +28°81°, @ 20°/4°= 11844, 7 = 206°8, 


——— 


Solvent. p. d 20°/4°. [a]. [M}?”. | Mol. sol. vol. 


4°8206 1°0071 +26°67° +62°4° 191°7 
22°2112 0°9257 18°31 42°8 205°2 
11°1266 0°8993 20°34 47°6 211°0 

5°4685 0°8890 20°78 48°6 208 °8* 

5°6205 0°8886 19°62 45°9 212°5T 


* This number for molecular solution-volume is probably too low. 
+ The specific rotation found by Freundler in about a 5 per cent. solution was 


$20°1°. 


So far as the available data go, it may be said that, in general, the 
rotations of the dimethoxysuccinates are less affected by solvents than 
those of the corresponding tartrates, and that the action is in most 
cases oppositely directed. The following table in illustration of the 
statement shows the changes produced on the molecular rotations by 
the solvents mentioned at concentrations of about 5 per cent., a rise 
or fall of dextro-rotation being indicated by + or — respectively. 


Solvent. Tartrate. Dimethoxysuccinate., 


Methyl +31°9° -17°5° 
Ethyl +38-2* -1%4 
” Propyl +33°6 slightly affected t 
Methyl alcohol ................. Ethyl +7°9 * ~ 4°8° 
SEED Socee-cqseeianvienhaaetegs Methyl —19°5 Tf +38°1 


* Patterson (Joc. cit.). 

t Freundler (Joc. cit, ). 

+ The ester is very slightly soluble in water, and the conclusion is based on an ob- 
servation made in aqueous methy] alcohol. 


Attention may be drawn to the following facts concerning the 
dimethoxysuccinates. The three esters examined undergo a consider- 
able rise of rotation when dissolved in benzene, and the rotations 
increase with dilution, the lowest member of the series being most 
affected by the initial action of the solvent, and also most affected by 
change of concentration. The greater influence of the benzene on the 
firs: member of the series results in the extinction of the maximum 
specific rotation at the ethyl term, which is shown by the pure esters. 
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The effect of water and of methyl alcohol on the rotations of the 
three esters is, in general, in the opposite sense to that of benzene, 
and the first member of the series is again most affected. The rota. 
tion in water, unlike that in benzene, is scarcely affected by change 
of concentration, at least from 20 per cent, downwards. The observa- 
tions on these esters in methyl alcohol present two points which are 
worthy of notice. First, the rotation-concentration curves of the 
methyl and propyl compounds exhibit a minimum, more pronounced 
in the curve of the former, between the concentrations of 20 and 5 
per cent., a peculiar phenomenon of which Patterson (Joc. cit.) has 
found striking examples in certain solutions of ethyl tartrate. The 
absence of a corresponding minimum in our ethyl ester is probably due 
to the range of concentration examined, in the case of this compound 
being less than in that of its two homologues. Secondly, it will be 
seen that whilst methyl alcohol lowers thé rotations of the methyl and 
ethyl esters at all the concentrations examined, it slightly raises that 
of the propyl ester at a concentration of 20 per cent. This peculiarity 
is referred to below. Finally, it may be remarked that, owing to the 
greater lowering effect of methyl alcohol on the first member of the 
series, the specific rotations of the three compounds in this solvent 
exhibit a more pronounced maximum at the ethyl term than those of 
the liquid esters. 

Turning to the tartrates, Freundler (Joc. cit.) has shown that benzene 
in 5 per cent. solutions lowers the specific dextro-rotation of the methyl 
ester from +2°14° to - 8°8°, but raises that of the propyl compound 
from +12°44° to +20°1°. He remarks, with regard to these effects, 
that they are entirely irregular. It seemed to us very remarkable 
that the rotations of two closely related members of the same homo- 
logous series should be influenced to such a marked degree in oppo- 
site directions by the same solvent, and we therefore examined the 
effect of benzene on the intermediate ethyl ester, and also made 
further observations on the propyl ester in the same solvent. Our 
results with the latter compound confirm those of Freundler, and 
show besides that the rotation increases somewhat on dilution. We 
find that, with respect to the effect of benzene, the behaviour of 
the ethyl ester is intermediate between that of its two adjoining 
homologues. ‘The specific rotation is only about 1° less than that 
of the pure compound, and is but little affected by concentration. 
The effect of methyl alcohol on the dimethoxysuccinates, referred 
to above, gives indications of a similar reversal of the influence of 
the solvent on ascending a homologous series, and we are led to 
think that the phenomenon, to which,so far as we know, attention 
has not hitherto been drawn, will be found to be one of g 
occurrence, Freundler’s data (Joc. cit.) furnish a number of 
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of which the propyl diacetyl-, dibutyryl-, and dihexoyl-tartrates may 


be mentioned. 
Dihexoyl- 
Diacetyl-, Dibutyryl-, tartrate, 
[a],. [a] 
Pore CSP ......5..sccseceecsee : . + 5-2° + 22° 


Solution in methyl alcohol. . , 5-4 


” 


+i ethyl alcohol ... . - 6 3°6 


Similarly, for the diacetyltartrates, alcohol and acetone lower the 
rotations of the ethyl and propyl and raise that of the butyl ester ; 
also for the dipropionyltartrates, the same solvents lower the dextro- . 
rotation of the methyl ester, and raise that of the ethyl ester. Other 
available data indicate that, on ascending a homologous series, the 
effect of the solvent on the rotations tends, at least, towards a - 
minimum, and would probably become reversed at a higher point in 
the series; Patterson’s observations on ethyl tartrate, and our own 
on the methyl and propyl esters in 5 per cent. aqueous solution at 


20°, afford an example, thus: 
Methyl, Ethyl, Propyl, 
[aP. [a 
7°6° 12°3° 
26:2 26-7 


The cause of the phenomenon referred to is probably related to that 
which determines the occurrence of a maximum rotation in a homolo- 
gous series of liquid compounds, It might be expected that the rela- 
tion between the effects produced on the initial members of a series 
by the action of a solvent and by the addition of CH, to the active 
molecule of the pure liquid would be retained throughout the series, 
and that the effect of the solvent, like that of the addition of CH,, 
would therefore be reversed about the point of maximum rotation. 
In the case of the tartrates, the reversal of the effect of benzene and 
the maximum rotation occur, as a fact, at the same, namely, the © 
propyl term. In general, however, the points of reversal of the 
influence of the solvent and of maximum rotation do not coincide. 
Thus, if the effect of water on the rotations of the tartrates under- 
goes reversal, it must be at a term higher than that of the maximum 
rotation ; the same is possibly the case in the series of propyl diacyl- 
tartrates quoted above, where, as the rotations decrease from the 
diacetyl term upwards, it is perhaps admissible to conceive that the 
point of maximum rotation lies at or below this term. Although the 
facts mentioned seem to us to indicate a connection between the effect 
of solvents and that of the addition of mass on the rotations of the 
successive members of a homologous series, it does not follow that the 
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mechanism of the actions in altering the state of dissymmetry of the 
active molecules is the same, and it is therefore not to be ex 
that the points of maximum rotation and reversal of the effect of the 
solvent should coincide. 

We give below the results of a number of molecular weight deter. 
minations by the freezing point method in water and benzene, made 
with the view of discovering, if possible, a connection between the 
influence of the solvents on rotation and the molecular association of 
the dissolved active substance, S denotes the number of grams of 
substance in 100 grams of solvent. 


Solvent. S. M. Solvent. 


Methyl dimethoxysuccinate. M=206. Ethyl dimethoxysuccinate. M 


3°6050 | 190°9 Benzene 3°3735 | 2158 
7°7713 | 193°8 a 5°0373 | 219°4 
12°7460 188°4 99 sessesceseee] 9°O774 | 2260 
0°8853 193°7 
2°4970 195°4 
4°6370 | 203°8 Propyl dimethoxysuccinate. M=262. 
0°6788 | 202°8 
1°5300 213°2 
mn " .| 2°3630 | 216°8 1°6377 | 231°9 

8°4079 | 236°9 
7°2093 2413 


Methyl tartrate. M=178. 7°8837 | 2443 


99 99 


6°6313 Ethyl tartrate. M=206. 
5°1511 
9°9887 
1°0649 
3°7210 
4°9748 


255°4 
296°2 
342°8 


Freundler, it is well known, found that in a number of substances 
normal molecular weight in solution was accompanied by normal rota- 
tion, abnormal molecular weight by abnormal rotation. Patterson 
(loc. cit.) has shown, however, in the case of ethyl tartrate in various 
solvents, that normal molecular weight may coexist with abnormal 
‘rotation, and our observations furnish various instances of the came 
kind. The rotations of the three dimethoxysuccinates are consider 
ably raised by benzene, and that of the methyl ester lowered by 
water, but the molecular weights are normal in these solvents 80 far 
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+ as the freezing point method can detect. Water increases the rotation 
of methyl tartrate by about ten times the value of the constant of 
the pure compound, but the molecular weight is nevertheless normal. 
The change here, it is true, may be due to depolymerisation, but the 
similar effect produced by water on the rotation of propyl tartrate 
cannot be thus explained, as there is no reason to believe that this 
ester in the pure state is associated. Ethyl tartrate ina 5 per cent. 
benzene solution presents an exception to Freundler’s rule of another 
kind, for nearly normal rotation is here associated with distinctly 
abnormal molecular weight. 

The molecular weight determinations given above, and those by 
Freundler (/oc. cit.), show that the tartrates, owing, no douht, to the 
presence of the hydroxyl group, are subject to extensive molecular 
association, even in comparatively dilute benzene solutions, and that 
in the alkylated esters this tendency to association entirely disappears. 
If molecular association is a predominant factor in the changes of 
rotation produced by solution, it should be clearly manifested in the 
rotations of the two closely-related classes of esters in the solvent 
mentioned. Such, however, is not the case. The rotations of the 
dimethoxysuccinates, as already mentioned, are considerably increased 
by benzene, and those of the tartrates are modified in a manner that 
cannot be accounted for by the simple aggregation of active molecules 
as they exist in the pure liquid compounds. Methyl tartrate in benz- 
ene (Freundler, Joc. cit.) exhibits extensive association accompanied 
by depression of rotation, propyl tartrate (see our tables) association 
accompanied by rise of rotation, and ethyl tartrate association, 
increasing rapidly with concentration, accompanied by only slightly 
changed rotation, which varies little with concentration. The 
coalescence of the active molecules of the ethyl ester evidently. pro- 
duces little or no effect on their state of dissymmetry ; it is natural to 
conclude that the same holds true for the molecules of its two homo- 
logues, and that the reversed effect of benzene on the rotations of the 
methyl and propyl esters is due mainly to an initial specific action of 
the solvent on the state of dissymmetry of the simple molecules of the 
compounds, 

Patterson, in the suggestive paper already referred to, has attempted, 
with some considerable success, to trace a connection between the 
influence of solvents on rotation and the internal pressure of the 
liquids, and more particularly between rotation and molecular solution- 
Volume, which, on the assumption that the change of volume on solu- 
tion is suffered entirely by the dissolved substance, may be regarded 
“8 measure of the pressure in question. Our observations are not 
extensive enough, and so far as the densities of the more dilute sola- 
tions are concerned, probably not accurate enough, to be employed as 
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in any sense a crucial test of this theory ; we have, however, caleu- 
lated the molecular solution volumes by the usual formula, when 


densities were available (see the Tables, pp. 973—975), to ascertain if I 
the results gave any support or otherwise to his views. d 
For ethyl tartrate, to which so far his observations have been confined, 
Patterson finds that the values of the rotations in aqueous and different 8 
alcoholic solvents at infinite dilution stand in the inverse order of the fo 
molecular solution-volumes ; further, that solvents, such as methyl ro 
alcohol, which raise the rotation on solution, lower the molecular be 
volume below that of the pure compound, whilst octyl alcohol, th 
which causes a distinct fall of the rotation, raises the molecular volume, 
Dimethoxysuccinates.—The rotations of the methyl and ethyl esters 
are both lowered by methyl alcohol, as already stated, but the former 
decidedly more than the latter, while that of the propyl ester is only 
slightly affected. ‘The molecular solution-volumes in this solvent are 
less than the molecular volumes of the pure esters. Benzene raises 
the rotations of all three esters considerably, but influences the mole- pro 
cular volumes very slightly. As exact data for the pure methy] ester vol 
at 20° are not available, in order to ascertain if any connection can be nol 
traced between rotation and molecular solution-volume in this group, the 
we have compared the effects produced on the two constants by methyl 
alcohol and benzene respectively. We give below the differences be- 
tween the molecular rotation and molecular solution-volume of each 
ester in the two solvents in about 10 per cent. solutions at 20°. B 
Diff. [MP Diff. M.S.V. ~ 
Methy] ester ............0.. 57:9° 77° ei 
TE ss eusdecktoneana 39°2 3°6 . | 
OEE ns; socseneipebegen 43°2 2°6 Beh 
These figures certainly indicate a connection between the constants, * 
The methyl ester, which shows the greatest difference of rotation, also Ethy 
gives the greatest difference of molecular solution-volume. The differ- a 
ences of molecular solution-volume exhibited by the ethyl and propyl Th 
esters, it is true, do not stand in the same numerical order as the rote thai 
tions, but the respective data for each ester approximate closely to each - ' 
other, and the apparent discrepancy may well be due to slight error m . 
determining the densities. ee the ef 
Our observations on the methyl ester in methyl alcohol -at varying with 
concentrations appear also to indicate a connection between the col Th 
stants in question. The rotations and molecular solution-volumes Valy tion : 
in the same order, each showing a minimum at the 10 per cent. solu- ia ; 
tion, but we do not attach great significance to this, as the range of ine 


concentration in the solutions is not sufficiently great, and the propyl 
ester does not show a corresponding regularity. 
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Tartrates.—We have refrained from proceeding further with observ- 
ations on these substances, as we wished to avoid trespassing on Mr. 
Patterson’s field of work. The following conclusions may, however, be 
drawn from the observations made. 

The effects of solution in water on the rotations and molecular 
solution-volumes of methyl and propyl tartrates correspond with those 
found by Patterson for ethyl tartrate, namely, a notable increase of 
rotation and decrease of volume, but as will be seen from the numbers 
below, which refer to 5 per cent. solutions at 20°, no connection between 
the two classes of effects is apparent. 


Increase of [M]?. Decrease of M.V. 
Methyl tartrate 77° 
Ethyl ; 11°9 
Propyl 14°6 


The rotation of ethyl tartrate is slightly lowered by benzene, that of 
propyl tartrate much raised, but no corresponding change of molecular 
volume is evident ; as in the case of ethyl tartrate in octyl alcohol, the 
molecular solution volumes are greater than the molecular volumes of 
the pure liquids, and increase with dilution. 


Comparison of Ethyl Tartrate and Ethyl Dimethoxysuccinate. 


Below, we give the changes of rotation and molecular volume pro- 
duced by solution of these esters in methyl alcohol and in benzene at a 
concentration of about 5 per cent, and at 20°; numerical rise and fall 
are indicated by the signs + and — respectively. 


Change of [M ?”. Change of M.V. 
Ethyl tartrate in methyl alcohol * +7°9° — 11°5° 
» dimethoxysuccinate in methyl alcohol - 4:9 -4:7 
Ethyl tartrate in benzene +41 
» dimethoxysuccinate in benzene unaltered 


The rotation of ethyl tartrate is more raised by methyl alcohol than 
that of the dimethoxysuccinate is lowered, and in agreement with this 
the tartrate shows a’ greater change of molecular volume. In benzene, 
the tartrate also shows the greater change of molecular volume, but 
the effects on rotation, it will be seen, are in entire disagreement 
With this, 

The facts given above furnish no clear evidence of a definite connec- 
tion between rotation and molecular solution-volume, and we doubt if 
any such connection will be found to prevail generally. Patterson 
has pointed out several disturbing factors, which might account for the 


* Patterson (loc, cit.). 
VOL. LXXIx, 8X 
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apparently abnormal relations between rotation and molecular solution- 
volume which he encountered in some of his solutions. Another dis- 
turbing phenomenon suggests itself to us, which may be of frequent 
occurrence. Patterson’s theory is based on the idea that a progressive 
change in the volume of an asymmetric molecule will be accompanied 
by a corresponding progressive change of shape, and therefore also of 
rotation. We doubt if this will be generally the case. According to 
Guye and Crum Brown, a continuous change in the value of one of 
the four coefficients of the groups attached to the asymmetric carbon 
atom, such as occurs in ascending a homologous series, may cause the 
rotation to oscillate between maxima on either side of the zero point. 
When the volume, and therefore the shape, of an asymmetric molecule 
is altered by the action of a solvent, no doubt the value of all four co- 
efficients will undergo change, but one of these will probably be more 
subject to the action than the others. A progressive change of mole 
cular volume, whether caused by change of concentration or by the 
action of a succession of different solvents, might therefore result in a 
periodic change of rotation. This may possibly account for what seems 
to be a common phenomenon, the occurrence, namely, of a point of 
minimum rotation in the concentration-curves of solutions of active 
compounds, 
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CIV.—The Occurrence of Paraffins in the Leaf of 
Tobacco. 


By T. E. Tuorpsz, O.B., F.R.S., and Joun Howmes. 


By the Act of 5 & 6 Vict., c. 93 (1842), manufacturers were permitted 
to use oil in making up spun or roll tobacco, and by the Act of 42 and 


43 Vict., c. 21 (1879), the word “ oil” is defined as meaning essential 


oil” for the purpose of flavouring, and “olive oil” for “ the process 
of spinning and rolling up.” Prior to 1900, no legal prohibition 
existed as to the amount of “oil” which could be so used, but m 
that year it was found desirable to restrict the quantity which might 
be present in manufactured tobacco to 4 per cent., and by 63 & 64 
Vict., c. 35 (1900), it was enacted that in calculating the proportion of 
oil, any fatty or oily substance which may be naturally present in the 
tobacco is to be included within the 4 per cent. 4 

Discussion with manufacturers prior to the introduction of this 
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measure showed that it was necessary to obtain some definite know- 
ledge concerning “ the fatty or ‘oily substance” which wag alleged to 
be present in the natural leaf of tobacco. It was surmised by some 
makers that tobacco leaf not only contained such substances, but that 
the quantity varied with the character of leaf, conditions of growth, 
season, &c. At the same time, no very precise information as to the 
real nature of this so-called fatty or oily substance could be elicited, 
nor could anything relative to the subject be discovered in the 
already very extensive literature dealing with the natural history of 
tobacco. 

Arapid and sufficiently accurate method of ascertaining whether 
the provisons of the law are complied with as regards oil consists in 
macerating a weighed quantity of the manufactured product with a 
definite volume of light petroleum, of boiling point not exceeding 60°, 
for about 18 hours at the ordinary temperature. An aliquot 
portion of the clear solution is evaporated and the residual extractive 
matter is dried and weighed. This is then saponified with a solution 
of alcoholic potash and the equivalent amount of olive oil calculated 
from the saponification value. Direct experiments have shown that 
the whole of the added oil can in this way be readily estimated, and 
that the results are not materially affected by the small amount of 
matter which the light petroleum may have extracted from the leaf. 

It was, however, desirable to obtain accurate knowledge of the 
nature and amount of the substance or substances which light petrol- 
eum would extract from the natural leaf of tobacco. Accordingly, 
quantities of the various kinds of leaf used by a number of the largest 
manufacturers in the United Kingdom in making spun or twist 
tobacco were procured for examination. The samples selected 
consisted of some 46 representative varieties of Kentucky and 
Virginian-grown tobaccos, and care was taken that they corresponded 
in all respects with the leaf as imported; in other words, it was 
ensured that the tobacco was in the condition technically known as” 
“raw leaf,” 

The amount of matter extracted from tobacco by light petroleum at 
the ordinary temperature is very small, even after prolonged macera- 
tion, In the case of the American tobaccos above-named, it varied 
from less than 05 up to about 2 per cent.; the average amount 
Yielded by the 46 different varieties was 1°25 per cent. No glyceride, 
anything in the nature of a vegetable oil or true fat, could be 
discovered in the extract. 

Hence the apprehensions of certain manufacturers that their legal 
Position might be prejudicially affected by the variable amount of 
fatty or oily matter occurring in the untreated leaf of tobacco had no 
foundation infact, since such substances are not naturally present in 
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tobacco. Experience has, in fact, amply demonstrated that the limit 
of oil imposed by Parliament has proved more than sufficient for the 
proper manufacture of spun tobacco. 

The matter extracted by light petroleum from tobacco constitutes a 
dark brown, viscous or semi-solid substance. It is readily soluble in 
cold ether, carbon disulphide, chloroform, or carbon tetrachloride, but 
more sparingly so in absolute alcohol. On shaking with water, the 
aqueous solution is strongly alkaline, contains nitrogen, and gives the 
usual reactions for alkaloids -with iodine, corrosive sublimate, and 
platinum tetrachloride. This alkaloid consists almost entirely of 
nicotine. It is present to the extent of about one-fifth of the weight 
of the extract. In addition, there is a small amount of wax, equal to 
about three-tenths of a per cent., on the original leaf, and, lastly, there 
are two solid hydrocarbons of the paraffin series, an account of which 
forms the subject of the present communication. 

In order to isolate the paraffins, a quantity of the light petroleum 
extract obtained from several kilograms of Western Kentucky leaf, 
used mainly as “ fillers,” was dissolved in the minimum quantity of 
ethyl ether and the solution mixed with about six times its volume of 
ethyl] alcohol (rectified spirit). The precipitate thus obtained was re 
dissolved in hot alcohol, separated by cooling, and recrystallised from 
ether. It formed pearly, nacreous scales melting at 63-°0—63'8°, and 
gave, on analysis, 


showing that it was almost certainly a hydrocarbon, or mixture of 
hydrocarbons. That it was not a wax or solid fat was further 
established by boiling with standard solution of alcoholic potash 
This was shown to have no action upon it, nor was the melting point 
of the substance at all changed. 

A second preparation, from another variety of tobacco used for 
“wrappers,” and a third preparation from leaf employed for general 
purposes, gave very similar results on analysis, and the products had 
substantially the same melting point. The actual amount of the 
hydrocarbon present in the leaf seemed to be fairly constant, judging 
from the following results : 

(1) 3492 grams of light petroleum extract obtained from 242ll 
kilos. of Western Kentucky leaf gave 2°337 grams of hydrocarbon, 
0°10 per cent. on the original leaf. 

(2) 28°03 grams of extract from 1:375 kilos. of Henderson tobace 
gave 1°757 grams of hydrocarbon, or 0°13 per cent. on the original leaf: 
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(3) 106°02 grams of extract from 7-084 kilos. of leaf used for general 
purposes gave 8°157 grams of hydrocarbon, equal to 0-11 per cent. on 


the original leaf. 
The amount of the hydrocarbon present in American tobacco leaf 


may be taken therefore as rather more than one-tenth per cent. 

Although the light petroleum employed in these extractions boiled 
completely below 60° and left no solid residue on evaporation, it was 
desirable to prove that the paraffins obtained, which conceivably might 
exert even at 60° sufficient vapour pressure to distil over with the 
more volatile hydrocarbons, were not actually present in. the light 
petroleum employed. Accordingly, about a kilogram of leaf was 
treated in precisely the same way with a mixture of chloroform and 
ether. A white substance was thus obtained resembling in all 
respects that extracted by the light petroleum. It melted at 64—66°, 
and was found on analysis to have the percentage composition : 


85°0 per cent. 


Systematic examination of the product thus obtained showed that it 
was in reality a mixture. By repeated fractional crystallisation from 


ether it was eventually resolved into two solid hydrocarbons, which, 
by analysis and treatment with bromine, were recognised as paraffins. 
The first hydrocarbon was found to melt at 67°83—68°5°, and gave 
on analysis the following numbers : 
85:1 per cent. 


A solution in carbon tetrachloride was unaffected by bromine 
(V/10) in the same solvent, and the substance had all the 
characters of a hydrocarbon of the C,Hen+2 series. 

A determination of the molecular weight by the boiling point 
method, according to Beckmann, using ether as a solvent, gave 
values varying from 412 to 419, which agree fairly well with that 
demanded by the formula O,,H,, (mol. wt. 436). Indeed there can be 
little doubt that this hydrocarbon is identical with Krafft’s 
— C,,H, Which has the melting point 68°1° (Ber., 1882, 

, 1687). 

The second hydrocarbon, after repeated crystallisation from ether, in 
Which it is markedly more soluble than the other, was found to melt 
constantly at 59°-3—59-8°, 

On analysis, it yielded : 
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84:9 per cent. 


It was entirely unaffected by a solution of bromine (¥/10) in 
carbon tetrachloride, and was in other respects very similar in char. 
acter to the bydrocarbon just described. 

A determination of molecular weight by Beckmann’s method gaye 
somewhat higher values (433—440) than those obtained in the case of 
the-other hydrocarbon, but the results of the analysis and the melting 
point indicate that the second hydrocarbon is in all probability hepta. 
cosane, C»,H,4, the melting point of which was found by Krafft to be 
59°5° (loc. cit.). 

The two paraffins appear to be present in tobacco leaf in about 
equal amounts and in the aggregate, as already stated, to the extent 
of about one part in a thousand. 

We incline to the opinion that the substance obtained by Kissling 
(Ber., 1883, 16, 2432), and regarded by him as a wax, was in realitya 
mixture of the two paraffin hydrocarbons just described. Kissling, 
who extracted the material by means of ether, found after repeated 
recrystallisation from alcohol that it formed a snow-white mass of 
satiny lustre melting at 63°, and gave on analysis numbers agreeing 
with those required for the formula C,)H,,,0,(C = 83:0, H = 13°8,0=32 
per cent.). It was present in Kentucky tobacco to the extent of 0:18 
per cent. 

In the course of an investigation on the constituents of tobacco 
smoke, Kissling also found a wax-like substance, similar in appearance 
to the so-called “tobacco wax,” melting at 64°5°, but which seemed on 
analysis to be a hydrocarbon containing C=84:7—85°5 ani 
H=14°63—15'16 per cent. 

There can be little doubt that the substances extracted by Kissling 
are identical, and that they were mixtures of the paraffin hydro 
carbons hentriacontane and heptacosane described in the present 
communication. 

As present in Kentucky and Virginia leaf, we found such mixtures 
had the following melting points : 


Western leaf 63°0—63'8° 
“ Wrappers ” 63:5—64°0 
“ Fillers” 63°7— 65:0 


numbers almost identical with those observed by Kissling. 
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STUDIES IN THE CAMPHANE SERIES. PART IV. 


CV.—Studies in the Camphane Series. Part IV. 
The Isomerism of a-Benzoyleumphor. 


By Martin Onstow Forster. 


On continuing the investigation of 1-hydroxycamphene (this vol., p. 
644), attention was directed at first to its anomalous behaviour to- 
wards ferric chloride, copper acetate, and alkalis, As already men- 
tioned, the substance in question is insoluble in caustic alkaiis, its 
alcoholic solution does not yield a precipitate with copper acetate, and 
ferric chloride fails to develop a coloration with it. This inertness 
differentiates it quite sharply from those hydroxy-compounds represent- 
ing enolic modifications of the ketonic esters studied by Claisen, W. 
Wislicenus, Schiff, and others, and a review of the publications of 
these authors at once suggested a reason for this deviation from an 
apparently established principle. 

Briefly stated, it seemed probable that the peculiarity is due to the 
fact that 1-hydroxycamphene is the first enolic modification derived 
from a ketone containing a single atom of oxygen. Claisen, for ex- 
ample (Annalen, 1896, 201, 25), has studied the behaviour of benzoyl- 
diacetylmethane, C,H,*CO-CH(CO:CH,),, dibenzoylacetylmethane, 
CH,’CO-CH(CO-C,H;,),., and tribenzoylmethane, CH(CO-C,H,),, sup- 
plementing the examination of these substances by an investigation of 
methenyl and hydroxymethylene derivatives of ethyl acetoacetate, 
acetylacetone, and ethyl malonate (Annalen, 1897, 207, 1). The con- 
tributions of W. Wislicenus (Annalen, 1896, 291, 147) to this subject 
include the esters of formylphenylacetic acid, CHO-CH(C,H,)-CO,H, 
and the isomeric forms of dibenzoy]methane (Annalen, 1899, 308, 219), 
whilst Schiff (Annalen, 1899, 309, 206) has dealt with the benzyl- 
idenebisacetylacetones, C,H,CH’[CH(CO-CH,), ],, amongst many others 
of the class under consideration. 

It is unnecessary to mention more compounds belonging to this 
category. They display one feature in conimon. In each case, a 
complex containing oxygen is attached to the carbon atom adjacent to 
that united with the critical oxygen atom; in other words, the enolic 
modification invariably has an acidic group associated with the carbon 
atom contiguous to the one bearing the hydroxy] radicle. 

It is this condition which is not fulfilled in the case of 1-hydroxy- 
camphene, that substance having a single hydrogen atom in place of 
the acidic group, 

CH HC-CO,Et 
stu G.0H OH,-C-OH 
1-Hydroxycamphene. Enolic ethyl acetoacetate. 
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It appeared likely, therefore, that this might account for the 
singular behaviour of the substance, and with the object of putting 
this explanation to the proof, I attempted to prepare a-benzoylcam. 


phor, aus expecting that 1-hydroxy-2-benzoylcam- 


phene, the enolic modification of a-benzoyleamphor, would be found to 
resemble typical enolic substances : 
C-CO-C,H, HC-C0-C,H 
OF on O,H,C-OH ° 
1-Hydroxy-2-benzoyleamphene. Hydroxybenzylideneacetophenone, 

Before proceeding to describe the process by which the enolic modi- 
fication of a-benzoyleamphor has been obtained, it may be stated that 
the substance has all the properties usually associated with enolic 
compounds. It dissolves readily in alkalis, develops an intense purple 
coloration with ferric chloride, and yields a crystalline copper deriva- 
tive when treated with copper acetate. It seems reasonable to con- 
clude, therefore, that the anomalous behaviour of the enolic modifica- 
tion of camphor is due to the fact that no acidic group is combined 
with the atom of carbon adjoining the one to which the hydroxyl 
group is attached. At the same time, it is obvious that phenol and 
phenanthrone (Japp and Klingemann, Trans., 1893, 63, 770) cannot 
owe their acidity to an acyl group; in the case of these compounds, 
the existence of neighbouring unsaturated linkings must be held to 
exert a modifying effect on their properties (compare Thiele, Annalen, 
1899, 306, 87). 

The method which has been adopted for preparing the enolic modi- 
fication of a-benzoylcamphor depends on the fact, first observed by 
Haller, that when sodium is dissolved in a solution of camphor in 
toluene, the sodium derivative of the ketone is produced. On treating 
this compound with benzoyl chloride, I obtained a dibenzoy] derivative 
which, judging by the behaviour of ethyl sodioacetoacetate under 
similar circumstances, might be expected to have one benzoyl group 
attached to carbon, whilst the other is united with oxygen. 

C-CO-C,H, CO,Et-C-CO-C,H, 
CsHu<G.0-00-0,H, CH,C-0-C0-C,H, 
1-Benzoxy-2-benzoylcamphene. Ethyl dibenzoylacetoacetate. 

This view of its constitution is supported by its behaviour on hydro 
lysis, as it is resolved into benzoic acid and 1-hydroxy-2-benzoyleam- 
phene, the latter bearing the same relation to a-benzoylcamphor that 
ethyl hydroxycrotonate has to ethyl acetoacetate. 


C-CO:C,H H-C0O-C,H 
onto OMe 


1-Hydroxy-2-benzoylcamphene, a-Benzoy]lcamphor. 
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Several interesting points have arisen from an examination of 
hydroxybenzoyleamphene. In the first place, its conversion into 
a-benzoylcamphor is brought about quite readily by the influence of 
concentrated sulphuric acid, or by fusion. When the substance is 
dissolved in organic solvents, many specimens will slowly change 
spontaneously into the ketone, the alteration being stimulated by 
adding a small proportion of piperidine, or by exposure to sunlight. 
This accelerating influence of light on the isomeric change of an 
optically active substance was first noted in connection with y-nitro- 
camphane (Forster, Trans., 1900, '78, 253), and a similar effect has 
been since observed by Pope and Harvey (this vol., p. 828) in connec- 
tion with the racemisation of benzylphenylallylmethylammonium 
iodide. 

The marked enolic character of hydroxybenzoyleamphene is shown 
by the formation of sodium, copper, and ferric derivatives, which have 
been obtained in crystals; the substance combines also with phenyl- 
carbimide, and is readily acetylated by acetic anhydride. Conversion 
into a-benzoylcamphor is most conveniently effected by the agency of 
boiling formic acid, whereby about one-half is transformed into the 
ketone, which, on crystallising the mixture from alcohol, separates 
almost entirely in the first fraction. 

a-Benzoyleamphor changes very readily into the isomeride when 
dissolved in organic media, and fusion produces the same effect. Ex- 
cepting camphor, it is the first optically active substance occurring in 
both forms of which a description has been placed on record, and it 
has been possible therefore to follow the interconversion of these two 
isomerides in the polarimeter. It is then found that a-benzoyleamphor, 
having the specific rotatory power [a], +125°, when dissolved in 
chloroform, gradually increases in optical activity until about 216° is 
reached, when no further change takes place ; the hydroxy-modification, 
on the other hand, undergoes a diminution of specific rotatory power 
from [a]) +281° to the maximum attained by the ketone. The point 
of equilibrium therefore represents the specific rotatory power of the 
mixed ketone and enol ina proportion of 3:4 approximately. 

The readiness with which a-benzoyleamphor becomes transformed 
into the isomeride is in marked contrast with the behaviour of cam- 
phor itself. So little tendency is there on the part of the unsubstituted 
ketone to change into 1-hydroxycamphene, that the production of 
l-benzoxy-2-benzoyleamphene is practically the first direct proof that 
camphor is capable of acting in the isomeric form, and hydroxycam- 
phene itself has been isolated only by a circuitous process. This is in 
close agreement with the observation made by Claisen that, in ascend- 
ing the series comprising triacetylmethane, diacetylbenzoylmethane, 
acetyldibenzoylmethane, and tribenzoylmethane, the disposition to 
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persist in the ketonic form increases; in other words, the more 
negative the character of the group replacing methylene hydrogen, the 
greater the tendency of the diketone to undergo enolisation. 

Before proceeding to the experimental portion of this paper, it is 
necessary to mention that when the enolic modification of benzoyl 
camphor is benzoylated, the dibenzoyl derivative produced by the 
direct action of benzoyl chloride on sodium camphor is regenerated, 
This is of greater importance than may appear, at first sight, to be the 
cease, because it was possible that the alkali used in hydrolysing the 
dibenzoyl compound would convert the freshly produced a-benzoyl- 
camphor into an enolic substance, isomeric with 1-hydroxy-2-benzoyl- 
camphene, 


C eH 


If this were the case, however, the original dibenzoyl derivative 
at, inlet and itis 


:-C(OH):-C,H. 
— FF OOHY OH, 


ge 2p 


must have the constitution C,H,, 


scarcely conceivable that such a compound could be sumel by the 
direct action of benzoyl chloride on the sodium derivative of camphor, 
Moreover, a compound of the type indicated would be comparable with 
the dibenzoyl derivatives of 1 : 3-diketones (compare Claisen, Annalen, 
1896, 291, 97), for example, the benzoyl-derivative of acetyldibenzoyl- 
methane, (C;H,*CO),C:C(CH,)*O-CO-C,H, ; such compounds, however, 
when heated with aniline, are resolved into benzoic acid and an anilide 
which, in the case quoted, has the formula 
(C,H,°CO),C°O(CH,)*NH-C,H,, 

whereas 1-benzoxy-2-benzoyleamphene is merely hydrolysed to enolic 
a-benzoyleamphor, accompanied by benzanilide. The same effect is 
produced even more readily by phenylhydrazine, which is converted 
into the symmetrical benzoyl derivative, and concentrated sulphuric 


acid also resolves the dibenzoyl compound into benzoic acid and enolic _ 


a-benzoyleamphor, associated with a considerable proportion of the 
ketonic isomeride. 

The investigation of 1-hydroxy-2-benzoylcamphene and its derivatives 
is being continued, and changes depending on its unsaturated character 
will be described in a subsequent communication. 

I wish to express my indebtedness to Mr. W. J. Pope for kindly 
undertaking the crystallographic examination of the isomeric benzoyl- 
camphors. 
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EXPERIMENTAL. 


1- Benzony-2-bensoyloamphene, Ce Ooo, 

A solution of 150 grams of camphor in 400 grams of toluene wis 
heated with 15 grams of sodium in a reflux apparatus on the water- 
bath until the metal had completely dissolved. The liquid was trans- 
ferred to a wide-mouthed, cylindrical specimen jar, of about 1000 c.c. 
capacity, and the operation having been repeated, the united solutions 
were allowed to remain in the stoppered vessel during 24 hours. The 
dark brown liquid was then decanted from the crystalline deposit, 
which was broken up as quickly as possible, and covered with a fresh 
quantity of toluene. The contents of the jar having been thoroughly 
cooled by immersion in melting ice, benzoyl chloride was added in 
small quantities at a time, care being taken to prevent the action 
being confined to one portion of the material. Much heat was 
generated at first, but subsequently it became possible to add the 
chloride in quantities of 10 or 15 grams. When 50 grams had been 
used for every 100 grams of camphor, the product, which had set to a 
jelly-like mass, was allowed to remain in ice during 1 hour, then mixed 
with its own bulk of water, and transferred to a large separating 
funnel, in which it was washed three times with water, and finally 
dried with calcium chloride. The toluene was boiled away until a thermo- 
meter in the vapour indicated 140°, when the liquid, which had the 
odour of benzoyl chloride and camphor, was transferred to a beaker, 
and heated in boiling water until the greater portion of the camphor 
had been removed. Half its own bulk of alcohol was then added, and 
the crystals which separated during the following 24 hours were 
filtered, washed, and recrystallised from hot alcohol, A further 
quantity of the substance was obtained from the dark yellow, alcoholic 
mother liquor of the first crop by distilling it in a current of steam 
until all camphor and ethyl benzoate had been removed, and then add- 
ing half its own bulk of alcohol. The total yield amounted to 8 or 
10 per cent. of the camphor employed. On analysis: 


0°1784 gave 05182 CO, and 0:1074 H,O. C=79°22; H=6-69. 
01660 , 0:4836 CO, ,, 00989 H,O. C=79°45; H=6°62. 
C,,H,,0, requires C= 80°00 ; H = 6°66 per cent. 


Benzoxybenzoyleamphene is sparingly soluble in cold aleohol, and 
erystallises from the hot solution in transparent, highly refractive, 
four-sided prisms melting at 144°; it is insoluble in water, but 
dissolves very readily in chloroform, acetone, ethyl acetate, ether, 
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pyridine, or glacial acetic acid, crystallising slowly from the last- 
named solvent in beautiful prisms. It is moderately soluble in boiling 
petroleum, which deposits it in minute prisms. 

A solution containing 1°0016 grams in 25 c.c. of chloroform at 29° 
gave ay 15°9’ in a 2-dem. tube, whence the specific rotatory power 
[a]p +189°7°; 0°2502 gram dissolved in 25 c.c. of absolute alcohol at 
27° gave ay 3°45’ in the same tube, corresponding to [a], + 187:3° 

The substance is odourless, and is not volatile in steam; the 
alcoholic solution gives no coloration with ferric chloride, and is 
indifferent towards ammoniacal silver nitrate. It is insoluble in 
aqueous caustic alkalis, but dissolves readily in concentrated sulphuric 
acid. 

A determination of the molecular weight in benzene gave the 
following results : 


Molecular weight of C,,H,,0, = 360. 


Grams of Melee 
Grams of Gram of substance in | Depression of weight 


| 

benzene. | substance. 100 grams of | freezing point. 

| solvent. deduced, 
| 


0°3170 1°7558 0°278° 316 
0°3940 2°1823 0°348 314 
| 0°5152 2°8536 0°452 316 


Action of Aniline on Benzoxybenzoylcamphene.—On heating 3% 
grams of the dibenzoy! derivative with 1-6 grams (14 mols.) of aniline 
during 4 hours in boiling water, the substance dissolved slowly, and 
separated unchanged when the liquid cooled. Ten grams were there- 
fore heated with 6 grams (2 mols.) of aniline at 110—120° during 12 
hours ; the liquid solidified almost immediately on being withdrawn 
from the oven, and when quite cold the crystals were drained on 
porous earthenware, treated with a very small quantity of cold alcohol, 
again drained, and dissolved in 20 ¢.c. of boiling alcohol. As soon as 
the liquid was cold, the crystals were filtered, washed, and recrystal- 
lised from hot alcohol, which deposited lustrous plates consisting of 
benzanilide, and melting at 161°. The first mother liquor, on standing 
during several hours, deposited the characteristic crystals of 1-hydroxy- 
2-benzoylcamphene. 

Action of Phenylhydrazine on Benzoxybenzoyleamphene.—The di- 
benzoyl derivative was heated with phenylhydrazine (2 mols.) in boiling 
water during 4 hours. The substance dissolved rapidly, and within 
less than an hour the liquid was filled with long, slender needles. 
When cold, the crystals were drained on porous earthenware, and 
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extracted several times with cold ether. The residue crystallised from 
alcohol in lustrous, flat needles, consisting of symmetrical benzoyl- 
phenylhydrazine, and the ethereal solution, on evaporation, deposited 
]-hydroxy-2-benzoyleamphene. : 

Action of concentrated Sulphuric Acid on Benzoxybenzoyleamphene.— 
Fifty grams of the finely powdered dibenzoyl derivative were added to 
250 c.c. of ice-cold, concentrated sulphuric acid. After an interval of 
1 hour, the pale yellow solution was poured on crushed ice, which pre- 
cipitated a sticky solid ; this soon became crystalline, and was then 
filtered, washed, and treated with excess of an aqueous solution of 
sodium bicarbonate in order to remove benzoic acid. The undissolved 
portion was filtered, drained, and fused in 50 c.c. of hot alcohol, which 
was rapidly cooled. The product, weighing 35 grams, was recrystal- 
lised twice from small quantities of hot alcohol, and at this stage began 
to soften at about 80°, melted somewhat indefinitely at 85 - 86°, and 
gave [a]) +222° in chloroform. On dissolving 15 grams of the 
material in 75 grams of hot absolute alcohol and allowing the liquid to 
cool in a 6-inch crystallising dish, two forms of crystals were dis- 
tinguishable, clusters of colourless needles, and isolated, flattened 
octahedra, which were distinctly pink ; these were separated mechanic- 


ally, weighing 4 grams and 8 grams respectively, the deposit from the 
mother liquor consisting of the octahedral form exclusively. 

The two modifications were then recrystallised separately from 
alcohol until the melting point was constant. The needles, which 
gave no immediate coloration with ferric chloride, melted at 87—88°. 
On analysis : 


0°1270 gave 0°3682 CO, and 0:0920 H,O. C=79:07; H=8°05. 


A solution containing 0°6973 gram in 25 c.c. of chloroform at 21° 
gave a, 7°8’ in a 2-dem. tube, whence the specific rotatory power 
[a], +127-9°. The octahedra, on the other hand, developed an intense 
purple coloration when the alcoholic solution was treated with ferric 
chloride, and melted at 89°. On analysis: 


0°1532 gave 0°4461 CO, and 0'1070 H,O. C=79-41; H=7°76, 
C,,H,,0, requires C= 79°69 ; H=7°81 per cent. 
A solution containing 0°5272 gram in 25 c.c. of chloroform at 20° 
gave ap 17°30’ in a 3-dem. tube, corresponding to [a], +276°6° 
The needles and octahedra were subsequently recognised as the 
keton’c and enolic modifications respectively of a-benzoyleamphor. 
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1-Hydroaxy-2-benzo abla (Enolic a-Benzoyleamphor), 


C-CO:0,H 
C Hy. OH 6, 


Fifty grams of the dibenzoyl derivative were dissolved in 500 c.c. of 
boiling alcohol, and heated in-a reflux apparatus with 20 grams 
(24 mols.) of caustic potash dissolved in the minimum quantity of 
water. After 2 hours, the alcohol was distilled off, the residue was 
dissolved in water, heated on the water-bath until no alcohol remained, 
and diluted to 1000 c.c. with water. A current of well-washed carbon 
dioxide was then passed through the liquid, and when no further pre- 
cipitation occurred, the colourless product, which weighed 35 grams, 
was filtered, washed, and dried. On recrystallising the substance from 
200 c.c. of absolute alcohol, a single compound was obtained in pale 
pink, flattened octahedra melting at 89°. The needles accompanying 
hydroxy benzoyleamphene when prepared by the action of concentrated 
sulphuric acid on the dibenzoyl compound, were, on this occasion, absent. 
When analysed : 


0°1569 gave 0°4571 CO, and 01108 H,O. C=79°45 ; H=7-84, 
C,,H.,0, requires C= 79°69 ; H=7°81 per cent. 


A solution containing 1:0227 grams in 50 c.c. of chloroform at 21° 
gave ay 23°0' in a 4-dem. tube, whence the specific rotatory power 
[a]y +281°1°; this fell to [a], +216° during a few hours’ exposure 
to light. A solution, prepared by dissolving 0°2939 gram in 25 c.c, of 
absolute alcohol at 21°, gave ap 6°7’ in a 2-dem. tube, corresponding to 
[a], +262°2°; after 3 hours’ exposure to sunlight, this had fallen to 
[a]p +208°. 

Hydroxybenzoylcamphene dissolves readily in hot alcohol, and crys- 
tallises in colourless, lustrous, transparent octahedra ; the first crop 
consists of pink crystals, the mother liquor depositing colourless ones, 
but no difference between them has been recognised besides a greater 
tendency on the part of the pink crystals, when dissolved, to change 
into the ketonic modification spontaneously. This change is death 
with in detail below. 

The substance is insoluble in water, but dissolves very freely in 
organic media. It is slowly soluble in aqueous sodium carbonate, but 
readily so in concentrated sulphuric acid. It is odourless, and is 
not volatile in steam. ‘The alcoholic solution develops immediately an 
intense purple coloration with aqueous or ethereal ferric chloride. 

Mr. Pope has examined the crystals of this substance, and reports 
as follows: 


‘The crystals present the habit of square plates with one pair of 
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opposite corners replaced, of tetrahedra with the edges replaced, or of 
flattened octahedra, according to the relation in size between the 
forms a{100} and o{111}. These two forms are usually dominant, but 
occasionally the dome r{101} is well developed ; the form p{110} is 
always small, and p’{120} is only observed as a minute replacement of 
anedge or corner. The form g{011} is rarely observed. The most 
usual habit assumed by the crystals is shown in Fig. 1. Owing to the 
brittle nature of the crystals, sections could not be cut for optical 


examination. 
Fie. 1. 


“Crystalline system.—Orthorhombic : Sphenoidal Hemihedrism. 


a:6:c¢=0°9728: 1 :0°6550. 


“Forms observed: a{100}, p{110}, p’{120}, g{011}, r{101}, and 
o+k{111}. 


“The following angular measurements were obtained : 


Number of Limits. Mean Calculated. 


Angle. measurements, observed, 


ap =100: 24 43°29’— 45° 1’ 44°18’ 44°13" 
ay’ =100: 38 61 57 — 63 25 62 48 — 
53 45 — 5511 54 19 54 24 
18 2—19 7 18 40 18 35 
60 4— 61 36 60 41 60 37 
28 57 — 3014 29 40 29 23 
85 49 — 87 12 86 34 86 25 
46 3— 47 38 46 59 46 474 
27 46— 29 0 28 17 28 31 
55 18 — 56 52 56 3 —_ 
67 12 — 68 27 67:56 67 54 
45 18 — 46 57 46 7 46 4 
65 48 — 67 1 66 19 66 24 
66 50— 68 5 67 38 67 32 
65 49— 67 9 66 29 66 27 
112 40—114 7 113 26 113 33 
68 54— 7012 69 47 69 38 
48 46 — 50 16 49 58 49 32” 
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The sodiwm derivative of hydroxybenzoyleamphene was prepared by 
adding 0°5 gram of sodium dissolved in alcohol to a solution of 245 
grams of the substance in cold alcohol, and allowing the pale yellow 
liquid to remain in the desiccator. After an interval of a few days, the 
crystals, which were of moderate size but somewhat indefinite in struc. 
ture, were washed with alcohol and dried in the desiccator. On analysis ; 


0°2208 gave 0°0590 Na,SO,. Na=8°65. 
C,,H,,0,Na requires Na= 8:27 per cent. 


The compound is readily soluble in alcohol and in water, which 
forms a strongly alkaline solution, dissociating when boiled. A solu- 
tion containing 0°5787 gram in 25 c.c. of absolute alcohol gave a, 13°20 
in a 3-dem. tube, whence the specific rotatory power [a], +1920°; 
this value points to almost complete dissociation having occurred, for 
in that case the substance would give [a] +190°5°, assuming that 
transformation into the equilibrium mixture immediately followed 
dissociation. 

The copper derivative, obtained by adding 1°8 grams (} mol.) of 
copper acetate dissolved in the minimum quantity of boiling alcohol to 
a solution containing 5:1 grams of hydroxybenzoyleamphene in 20 ce, 
of absolute alcohol, crystallises in lustrous, sage-green needles, 


0°1895 gave 0:0248 CuO. Cu=10°46. 

(C,,H,,0,),Cu requires Cu=11-07 per cent. 

The substance is insoluble in water, even on boiling, but dissolves 
sparingly in petroleum ; it is very readily soluble in benzene, chloro- 
form, or nitrobenzene, forming brownish-green solutions. Acetone, 
which dissolves it very readily, yields a pure green solution, which 
also results from dissolving it in ethyl or methyl alcohol ; the last- 
named solvent dissolves it but sparingly, even when boiled, depositing 
it in minute, green needles as the liquid cools. It is moderately soluble 
in ether, which yields a green solution. 

The ferric derivative was formed on adding to a solution of 25 
grams of the hydroxy-compound in ether 0°56 gram (4 mol.) of ferrie 
chloride dissolved in alcohol, followed by 0°8 gram (1 mol.) of sodium 
acetate in water. The liquid which remained after two days’ exposure to 
air was decanted, and the crystals were drained on porous earthenware, 
and washed several times with water, and finally with dilute alcohol. 
The product has the colour of potassium permanganate. 

0'1961 gave 0°0171 Fe,0,. Fe=6'10. 

(C,,H,,0,),Fe requires Fe=6'82 per cent. 
The substance is quite insoluble in water, but dissolves freely in 


petroleum, chloroform, ether, alcohol, acetone, or nitrobensene 
forming solutions having the colour of port, 
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Effect of Heat on Hydroxybenzoyleamphene.—A specimen of hydroxy- 
benzoyleamphene giving [a], + 281° in chloroform was heated at the 
temperature of boiling water during 4 hours. The substance solidified 
on cooling, and then gave [a], +267° in the same solvent. It there- 
fore changes into the equilibrium mixture less rapidly than the ketonic 
modification. 

Action of concentrated Sulphuric Acid on Hydroxybenzoyleamphene.— 
Single crystals of the hydroxy-compound giving [a], +281° were 
powdered and dissolved in 4 parts of concentrated sulphuric acid. After 
48 hours, the solution was poured on crushed ice, and the sticky pre- 
cipitate, when crystalline, was filtered, washed, and recrystallised from 
alcohol ; this deposited crystals among which both modifications could 
be recognised easily. The mixture gave[a]) + 211° in chloroform. 

Regeneration of the Dibenzoyl Derivative from Hydroxybenzoyl- 
camphene.—Three grams of the hydroxy-compound were dissolved in 
3 grams (3 mols.) of pyridine in a wide-mouthed stoppered bottle, and 
eooled by immersion in melting ice ; 2°8 grams (2 mols.) of benzoyl 
chloride were then added drop by drop. After 3 days, the semi-solid 
product was treated with ether, filtered, and washed with ether. On 
evaporating the filtrate and distilling off the pyridine, the residue, 
consisting of the impure dibenzoyl derivative, became crystalline on 
cooling. The yield, including 0°5 gram obtained on dissolving out 
the pyridine hydrochloride with water, amounted to 3:5 grams, 


CH-CO-0,H, 


a-Benzoyleamphor, C,H, .< do 

Ten grams of 1-hydroxy-2-benzoyleamphene were heated in a reflux 
apparatus with 40 grams of boiling formic acid (sp. gr. 1°2) during 4 
hours. The liquid was poured into a large volume of cold water, 
which precipitated a colourless oil; this solidified almost immediately 
when scratched with a glass rod, and was then filtered, washed, and 
dissolved quickly in 30 cc. of absolute alcohol. This solution was 
immersed in cold water, and, after half an hour, filtered as rapidly as 
possible, because the filtrate began to deposit a mixture of both modi- 
fications when agitated. The needles obtained in this way consisted 
solely of the ketonic form, and amounted to 4°5 grams. Recrystallised 
from alcohol, they formed colourless prisms melting at 87—88°, and 
gave no immediate coloration with ferric chloride. On analysis : 

01645 gave 04792 CO, and 0°1144 H,O. O=79'45; H=772. 

C,,H,,0, requires C=79°69 ; H=7°81 per cent. 

A solution containing 0:5 gram dissolved in 25 c.c. of chloroform 

at 21° gave ay 5°0' in a 2-dem. tube if examined without any delay, 


whence the specific rotatory power [a]p +125°0°; 0°25 gram dis- 
VOL, LXXIX, 3 Y 
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solved in 25 c.c. of absolute aleohol at 21° gave ap 2°45’ in the same 
tube, corresponding to [a]p) +137°5°. 

The substance is moderately soluble in methyl or ethyl alcohol, and 
dissolves very freely in benzene, ether, acetone, or chloroform ; it ig 
only moderately soluble in boiling petroleum, which dissolves the 
enolic modification very readily. An alcoholic solution gives no imme- 
diate coloration with ferric chloride. 

The crystals of this substance have been examined by Mr. Pope, 
who reports as follows : 

‘The crystals are long, colourless, transparent needles of calcite-like 
lustre. The predominant form is the prism p{110}, and the crystals 
are elongated in the direction of the c-axis ; the dome g{011} is small, 
and the form g’{012} occurs as a minute replacement of the edge. 
011: 011 (Fig. 2). The crystals are very brittle, and the optic axial 
plane is c(001). In the absence of pyramid forms or characteristic 
etch-figures, it is impossible to say whether the crystals are or are not 
sphenoidally hemihedral. 

“ Crystalline system.—Orthorhombic, 

a:6:e = 0°7375 :1:1:0224. 


“ Forms observed : p{110}, g{011}, q’{012}. 


“The following angular measurements were obtained : 


Number of Limits. Mean. | Calculated. 


le. 
Angle measurements, 


15 106°32’—107°56’ .107°18’ 107°11’ 


pp =110: 
pp =110: 19 72 4— 73 52 72 49 - 
pq =110:01 14 64 7— 65 28 64 45 64 54 
pq =110: 7 114 42—115 50 115 21 115 6 
qq =011: 23 90 34— 92 2 91 16 _ 
qq =012: 18 53 25 — 54 47 54 5 54 9 
qq =011: 7 18 1— 18 59 18 34 18 85} 


— 


, 
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Effect of Heat on a-Benzoylcamphor.—A specimen giving [a], + 128° 
in chloroform was heated at the temperature of boiling water during 
4hours. The product remained superfused, but solidified rapidly when 
sown with a single crystal of the original substance. A determination 
of the specific rotatory power in chloroform gave [a], + 231°, and on 
allowing the solution to evaporate spontaneously, and recrystallising 
the residue from a small quantity of alcohol, the first crop of crystals 
consisted exclusively of the enolic form. 


Interconversion of the Isomeric Benzoylcamphors. 


Reference has been made to the fact that certain specimens of 
|-hydroxy-2-benzoyleamphene, when dissolved in chloroform, sponta- 
neously undergo diminution in rotatory power, owing to gradual 
conversion into the ketonic isomeride. If the change is allowed to 
proceed, a point of equilibrium is reached when the specific rotatory 
power of the mixture is about [a], + 216°. The interval which elapses 
before the rotatory power becomes constant is, in the case of a 2 per 
cent. solution, about 6 days, the curve associating rotation with time 
being hyperbolic. On exposing a freshly prepared solution to sun- 
light, the rapidity of the change becomes greatly exaggerated, the 
position of equilibrium being reached in 2 or 3 hours. These remarks 
do not apply to the colourless crystals of hydroxybenzoyleamphene, a 
solution in chloroform having been preserved in darkness during 12 
hours, exposed to bright sunlight during 2 hours, and even sown with 
a crystal of the ketonic isomeride, without suffering any perceptible 
reduction in optical activity. It appears, therefore, that some exciting 
agent is required to initiate the change, but it is noteworthy that the 
ketone, so far as can be ascertained, is more sensitive in this respect 
than the isomeride. 

As in former cases, piperidine has been observed to exert a stimu- 
lating effect on the interconversion of the two modifications. A 2 per 
cent, solution of the colourless hydroxy-compound, giving [a], +280°4°, 
was treated with 0:2 per cent. of piperidine ; after three-quarters of an 
hour, during which period the solution was protected from light, the 
specific rotatory power had fallen to [a], +220°. Advantage has 
been taken of this action to compare the rates of speed at which the 
two modifications approach the position of equilibrium, the result of 
the comparison being represented in the curve on p. 1000, 

From this it appears that, although the change from ketone to enol 
takes place more readily than in the converse direction, the latter 
modification, when started, reaches the position of equilibrium much 
more rapidly than the ketone, 
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Action of Ferric Chloride on the Isomeric Benzoylcamphors. 

As already stated, the enolic modification of a-benzoylcamphor, 
unlike the enolic modification of camphor itself, develops immediately. 


Interconversion of the two isomerides in a chloroform solution containing 0°05 per 
cent, of piperidine. 


Lalo | 


+ 270° 


q 
+120° é 

0 30 60 90 120 
minutes, 


an intense purple coloration with ferric chloride dissolved in water or 
This is due to the formation of the ferric derivative, 


in ether. 
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(C,,H,0,)sFe, but it is highly probable that in absence of sodium 
acetate, such derivatives as C,,H,,0,FeCl, and (C,,H,,0,),FeCl are 
produced at the same time, because the first-named compound has 
been isolated, and its solutions in organic solvents are found to be 
wine red, lacking the blue shade which the purple coloration exhibits. 
Moreover, when a very dilute solution of the enolic derivative in 
alcohol is treated with a single drop of a moderately concentrated 
aqueous solution of ferric chloride, a blue coloration is developed, and 
can be changed to the characteristic wine red shade of dissolved 
(C,,H,,0,),Fe by adding aqueous sodium acetate (compare W. 
Wislicenus, Annalen, 1896, 201, 173). 

The production of the purple coloration has been observed when 
ethereal ferric chloride is added to the enolic modification dissolved in ° 
benzene, ether, acetone, chloroform, methyl alcohol, or ethyl alcohol ; 
it is also developed when aqueous ferric chloride is added to an 
alcoholic solution of the substance, but a solution in chloroform re- 
‘ mains colourless. 

The ketonic modification, dissolved in methyl or ethyl alcohol, gives 
no immediate coloration with an aqueous solution of ferric chloride, 
but in a few seconds the yellow solution deepens in colour, becoming 
greenish-brown, and then very deep green ; finally, after an interval 
of many minutes, the liquid acquires the purple tinge developed by the 
enolic modification. The same remarks apply when ethereal ferric 
chloride is employed, the changes in this case being more rapid. 
Solutions in acetone and ether give the green coloration almost imme- 
diately with ethereal ferric chloride, and quickly reach the bluish- 
violet stage. When chloroform or benzene is employed to dissolve the 
ketone, ferric chloride in ether produces an immediate green coloration, 
which rapidly becomes bluish-violet. In the case of benzene and ether, 
the final coloration is exactly the same as that developed by the enolic 
modification itself. 


Phenylurethane Derivative of 1-Hydroxy-2-benzoylcamphene, 
-CO-C,H, 
OsHiSG.0-co-NH-0,H, 

The union of hydroxybenzoyleamphene with phenylcarbimide takes 
place very slowly. Five grams of the finely powdered hydroxy-com- 
pound were placed in a stoppered weighing bottle, and covered with 
3 grams of phenylearbimide. After an interval of 7 days, during 
which the vessel was kept in a desiccator, the contents had changed 
to a hard, crystalline cake, which, when drained on porous earthen- 
ware, weighed 6 grams. As an alcoholic solution still developed an 
intense coloration with ferric chloride, the product was heated on the 
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water-bath with a small quantity of alcohol, cooled, filtered, and 
washed with cold alcohol until the washings remained indifferent to an 
ethereal solution of ferric chloride. The residue was then dissolved in 
50 grams of boiling alcohol, which deposited minute, transparent 
crystals melting at 117°. 


0°1264 gave 0°3568 CO, and 0:0785 H,O. C=76:98; H=6-90, 
C,,H,,0,N requires C= 76:80 ; H=6°66 per cent. 


A solution containing 0°4913 gram in 25 c.c. of chloroform at 21° 
gave ap 7°30’ in a 2-dem. tube, whence the specific rotatory power 
[a]p +190°8°. 

The phenylurethane derivative is moderately soluble in alcohol and 
ether, dissolving very freely in chloroform. Alcoholic solutions are 
indifferent towards aqueous and ethereal ferric chloride. 


x CO: O,H, 
1-Acetoxy-2-benzoylcamphene, C,H, <t 0-CO-CH, : 


Fifteen grams of 1-hydroxy-2-benzoyleamphene were heated in 4 
reflux apparatus with 50 grams of boiling acetic anhydride during 3 
hours. On pouring the liquid into a considerable volume of cold 
water, the derivative began to crystallise before the anhydride was 
nearly decomposed, and after an interval, was collected, washed, and 
recrystallised twice from alcohol. It separates from that solvent in 
long, lustrous, rectangular plates, and melts at 107°. 


0°1760 gave 04912 CO, and 0:1170 H,O. C=76:12; H=7°39. 
C,,H,,0, requires C= 76°51 ; H =7°38 per cent. 


A solution containing 0°5003 gram in 25 c.c. of chloroform at 21°, 
gave ap 7°45’ in a 2-dem. tube, whence the specific rotatory power 
[a], +193°6°; 0°2522 gram dissolved in 25 c.c. of absolute alcohol at 
21° gave ap 3°48’ in the same tube, corresponding to [a]p +1883. 

The substance dissolves freely in hot alcohol, but is only moderately 
soluble in the cold medium. It is also readily soluble in chloroform, 
ethyl acetate, glacial acetic acid, or boiling petroleum, separating from 
the last-named solvent in the characteristic rectangular plates. 

In its behaviour towards concentrated sulphuric acid, acetoxybenzoy!- 
camphene resembles the corresponding benzoxy-derivative ; it dissolves 
in the agent without rise of temperature, becoming converted intos 
mixture of the two benzoyleamphors, in which the enolic modification 
preponderates. 
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(VL—Studies in the Camphane Series, Part V. 
Halogen Derivatives of p-Cymene from substituted 
Nitrocamphanes. 

By Martin Onstow Forster and WiLL1AM Rosertson, A.R.C.S. 


Ir has been’mentioned that when 1 : 1-bromonitrocamphane is dissolved 
in concentrated sulphuric acid, the anhydride, C,,H,,ONBr, is always 
accompanied by a viscous oil having a fragrant odour (Forster, Trans., 
1899, '75, 1145). Although the yield of this material does not exceed 
10 per cent. of the halogen compound employed, an investigation of 
the anhydride and its derivatives has placed at our disposal a quantity 
sufficient for systematic examination; this has been undertaken, 
therefore, in the hope that identification might afford some explana- 
tion of the obscure change taking place when 1 : 1-bromonitrocam- 
phane is converted into the anhydride. 

Suspecting that the oil, which contains bromine, might arise from 
some impurity in the crude bromonitrocamphane, we ascertained that 
it is also produced when the material is recrystallised from acetic acid 
previous to dissolution in sulphuric acid. Moreover, a similar com- 
pound, containing chlorine in place of bromine, attends the conversion 
of 1 ; 1-chloronitrocamphane into the anhydride, and consequently that 
substance has been included in the investigation. From this, we have 
ascertained that the oils in question are halogen derivatives of 
p-cymene, in which substitution has occurred in the ortho-position 
relatively to the methyl group. . 

This result is noteworthy in being the second established instance 
of the production of substituted cymenes from camphor derivatives of 
known constitution. The transformation of camphor itself into 
cymene has been the subject of numerous investigations, but the first 
record of the observation of this change in derivatives of camphor 
occurs in a paper by Marsh and Hartridge (Trans., 1898, '73, 852), 
who found that on preparing carvenone by the action of concentrated 
sulphuric acid on 1 : 1-dichlorocamphane, the product is contaminated 
with a small proportion of a chloro-derivative, which they believed to be 
chlorocymene [Me : Cl: Pré=1:2:4]; the formation of this compound 
18 not recorded by Bredt (Annalen, 1901, 314, 369), who repeated the 
experiments of Marsh and Hartridge. 

It will be noticed that the position of the halogen atom as regards 
the methyl and isopropyl groups is in complete agreement with the 
requirements of Bredt’s formula for camphor, assuming no alteration 
to have taken place in the attachment of the bromine or -chlorine. 


FORSTER AND ROBERTSON : 


CH,—CH—C H, 
CMe, 
CH,—CMe—CBr‘NO, 


1: 1-Bromonitrocamphane. Bromo-p-cymene, 

It is searcely possible, however, to furnish an explanation of the change 
so simple as that given by Bredt (loc. cit.) for the conversion of cam- 
phor intocymene. Most likely the nitro-group plays an important 
part in the reaction, as the liberation of nitrous fumes has been 
observed during the production of the substance. In this connection, 
it is noteworthy that l-nitrocamphane does not yield cymene when 
dissolved in cold concentrated sulphuric acid, and appears to be quite 
indifferent towards that agent. 


Bromocymene [CH, : Br:O,H,* =1:2:4] from 1:1-Bromonitrocamphane, 
The accumulated bye-product from 500 grams of bromonitrocan- 
phane was washed several times with concentrated sulphuric acid, 
treated with water and dilute sodium carbonate, extracted with ether, 
dried with calcium chloride, and freed from ether, which deposited 
50 grams of a pale brown, somewhat viscous oil, having a powerful, 
fragrant odour. We have not succeeded in isolating from this pro- 
duct a pure specimen of bromocymene, but there is every probability 
that the latter forms the chief constituent of the mixture. The fol- 
lowing evidence, coupled with the fact that 1 : 1-chloronitrocamphane 
yields chlorocymene under similar conditions, led to this conclusion. 
After the separation described above, the oil was distilled in steam 
which separated it from a less volatile, resinous material. At this 
stage, it was optically active, giving ap — 13°31’ in a 2-dem. tube, and 
contained 33°3 per cent. of bromine; the substance was saturated, and 
did not contain nitrogen. It was then agitated with concentrated 
sulphuric acid, and after remaining in contact with that agent during 
some days was washed with sodium carbonate and distilled in an 
atmosphere of steam. The pale yellow oil decomposed when distilled 
under atmospheric pressure, evolving hydrogen bromide and becoming 
charred. It was, therefore, distilled under 26 mm. pressure, the major 
portion boiling at 128—130°, and then redistilled under the same 
reduced pressure, the final product boiling at 129—130° ; although 
mobile, colourless oil, the substance became pale yellow on exposure to 
sunlight. On analysis : 
0:1614 gave 0°3230 CO, and 0:0888 H,O. C=5458; H=6:12. 
02188 ,, 0°4361 00, ,, 0°1216H,O. C=54:35; H=6:l7. 
02509 ,, 02120 AgBr. Br=35-95. 
C,)H,,Br requires C= 56°34 ; H=6-10; Br=37°56 per cent. 
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From these results, it appears that the bromocymene was still con- 
taminated with some oxygenated impurity, which is optically active, 
because the material analysed gave a, — 4°48’ in a 2-dem. tube. Such 
a substance could only arise by condensation of 2 mols. of bromonitro- 
camphane taking place according to the equation 

20,,H,,0,NBr - 2H,O — N,O = C,H,,OBr, ; 
a compound having this empirical formula would contain 54-0, 6°3, and 
36°0 per cent, of carbon, hydrogen, and bromine respectively. These re- 


quirements were so nearly met by our analyses, that a determination 
of the molecular weight of the substance in benzene was made. 


Molecular weight of C,,H,,Br, 213; C,,.H,,OBr,, 444. 


Grams of ‘ 
Grams of | Grams of substance a a gy Molecular 


benzene. substance. in 100 grams | ¢eozing. point weight deduced. 
of benzene. ctl 


| 0°7082 40011 0-938° 2133 
| 0°1467 0°7488 0°182 215°4 
| 


This result pointed unquestionably to the substance being bromo- 
cymene, and was borne out by a determination of the density, which 
gave 1257 at 16°, the value recorded by Landolph being 1°269 
at 17°5°. 

As it seemed likely that the oxygenated compound of the type indi- 
cated would be decomposed by alcoholic soda, the substance was sub- 
mitted to this treatment, because it is known that bromocymene is 
indifferent towards the agent in question. The resulting substance was 
almost colourless, and boiled at 229°, the temperature at which bromo- 
cymene distils. On analysis : 


01836 gave 01588 AgBr. Br= 36°82. 
C,,H,,Br requires Br= 37°56 per cent. 


With the object of proving that this compound is derived from 
ptymene, an attempt was made to reduce it in alcohol with sodium. 
Forty grams were dissolved in 300 c.c. of absolute alcohol, and heated 
in a reflux apparatus with 40 grams of sodium, which was added in 
small quantities at a time, and soon gave rise to the separation of 
sodium bromide. When the metal had dissolved, water was added, 
and a current of steam was passed through the liquid until the alcohol 
had completely separated. On diluting the distillate with water, a 
colourless oil was precipitated, and this was collected, dried with 
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770 mm. pressure. On analysis : 


0°1226 gave 0°3990 CO, and 0°1147 H,O. C=88°76; H=10-40, 
C,)H,, requires C = 89°54; H=10°45 per cent. 


The identity of the hydrocarbon was placed beyond doubt by the 
operation recommended for this purpose by Widman ; oxidation with 
potassium permanganate in presence of caustic soda gave rise toa 


specimen of hydroxyisopropylbenzoic acid melting at 157°. 


Anhydride of Chloronitrocamphane, C,,H,,ONCI. 


In preparing the anhydride of chloronitrocamphane, it is of greater 
importance to keep the rise of temperature under control than even 
in the case of the corresponding bromo-derivative. One hundred grams 
of chloronitrocamphane were added in small quantities to 800 cc, of 
concentrated sulphuric acid, cooled below 0° by a freezing mixture, 
and at no time was the temperature of the liquid allowed to rise above 
5°. The acid soon became dark brown, and a colourless, fragrant oil 
was produced, whilst towards the end of the operation hydrogen 
chloride was liberated. When all the chloronitrocamphane had been 
added, the liquid was allowed to remain in a separating funnel until 
the oil had risen to the surface, the acid being then run slowly on to 
crushed ice; this precipitated a yellow solid, which was- washed, 
drained on earthenware, and recrystallised twice from boiling alcohol, 
The yield under favourable circumstances amounts to 25 per cent. On 
analysis : 


'-0°2345 gave 14°8 c.c. of nitrogen at 20° and 773 mm. N=7'36. 
0°2094 ,, 01521 AgCl Cl=17°97. 
C,,H,,ONCI requires N=7°02 ; Cl=17-79 per cent. 


The anhydride dissolves readily in hot alcohol, from which it crys 
tallises in aggregates of opaque prisms ; the melting point is not very 
definite, but the substance darkens above 200°, and melts at about 
230° to a deep brown liquid which evolves gas. It is readily soluble 
in cold benzene and in ethyl acetate, erystallising from the latter in 
minute octahedra ; boiling water dissolves the compound very spat 
ingly, but it is moderately soluble in boiling petroleum. — 


Chlorocymene [CH, : Ol: C,H,8 =1: 2:4] from 1: 1-Chloronitrocamphane. 


The oil referred to in describing the preparation of the anhydride 
of chloronitrocamphane was decolorised by treatment with concentrated 
sulphuric acid, and washed with water, followed by sodium carbonate} 
after being distilled in a current of steam, the product was 


calcium chloride, and distilled; it boiled at 172° (uncorr.) under 
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with ether, dried with calcium chloride, and distilled, 26 grams being 
obtained from 300 grams of chloronitrocamphane. 

The substance obtained in this way was a colourless, mobile liquid 
boiling at 211—212° (uncorr.) under 768 mm. pressure; it had a sp. 
gr. 10122 at 16°, and although in these respects it agreed closely with 
pehlorocymene, the fact that it gave ay - 0°35’ in a 2-dem. tube in- 
dicates that the substance was not quite pure. On analysis: 


01651 gave 0:4250 CO, and 0°1136 H,O. C=70:20; H=7°64. 
02198 ,, 01863 AgCl. Cl=20°92. 
C,)H,,Cl requires C=71'26; H=7:72 ; Cl=21-02 per cent. 
A determination of the molecular weight in benzene gave the fol- 
lowing result : 
Molecular weight of C,,H,,0l, 168°5. 


Grams of 


Grams of 
benzene. 


Grams of 
substance. 


substance 
in 100 grams 
of benzene. 


Depression 
of the 
freezing point. 


Molecular 
weight deduced. 


0°1358 
0°2988 


0°5425 
1°1938 


0°178° 
0°380 


Conversion of Chloronitrocamphane Anhydride into the Isomeride. 


Chloronitrocamphane anhydride was dissolved in 5 parts of alcohol 
and heated in a reflux apparatus with 2 parts of concentrated hydro- 


The liquid was poured into cold 


chlorie acid during half an hour. 
which 


water, and the precipitate crystallised from dilute alcohol, 
deposits it in needles. On analysis : 


02038 gave 13-0 c.c. of nitrogen at 16° and 754mm. N=7'38. 
01500 ,, 0:1065 AgCl. Cl=17-56. 
C,,H,,ONCI requires N =7:02 ; Cl=17°79 per cent. 


The substance is readily soluble in alcohol and is best recrystallised 
from boiling petroleum, in which it is only sparingly soluble ; it crys- 
tallises from the latter in transparent, six-sided plates, and melts at 
248°, 

The benzoyl derivative, prepared by the Schotten-Baumann method, 
crystallises from alcohol in lustrous white leaflets, and melts at 166°. 


01546 gave 0-0712 AgCl. Cl=11°39. 
C,,H,,0,NCI requires Cl= 11°69 per cent. 
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Action of Hydroxylamine on the Anhydride of Chloronitrocamphane. 


Ten grams of chloronitrocamphane anhydride were dissolved in 50 
c.c. of absolute alcohol, to which was added 8 grams of dry sodium 
carbonate. The mixture was then heated during 5 hours in a reflux 
apparatus with 10 grams of hydroxylamine hydrochloride dissolved in 
the minimum quantity of water. Alcohol was then distilled off on the 
water-bath, and the residue treated with a considerable quantity of 
water, filtered, and washed. The compound was recrystallised from 
alcohol, which deposited transparent, rectangular plates. 


0°2951 gave 0°1805 AgOl. Cl=15-13. 
0°2634 ,, 0:°1625 AgCl. Cl=15-25. 
C,)H,,0,N,Cl requires Cl = 15:27 per cent. 


The hydroxylamino-derivative of chloronitrocamphane anhydride 
melts at 187°, when it turns brown and evolves gas. It reduces 
ammoniacal silver nitrate readily on warming. 

The benzoyl derivative dissolves somewhat sparingly in alcohol, from 
which it crystallises in lustrous, white needles, and melts at 164°. The 
alcoholic solution is indifferent towards ammoniacal silver nitrate. 


Action of Nitric Acid on the Anhydrides of Bromonitrocamphane and 
Chloronitrocamphane. 


When the anhydride of bromonitrocamphane, obtained by dissolv- 
ing that substance in concentrated sulphuric acid, is treated with cold 
fuming nitric acid, it is dissolved immediately, and gas is liberated, 
but the diluted liquid does not yield a definite product. If, however, 
the isomeric anhydride is treated in the same way, no change takes 
place, and the substance merely dissolves, but on heating the liquid 
a nitro-derivative is obtained. 

Ten grams of the isomeric anhydride were consequently heated with 
40 c.c. of fuming nitric acid of sp. gr. 1:52 during several minutes, 
the liquid, when cold, being poured into a considerable volume of 
water, which precipitated a colourless oil. This solidified rapidly, and 
was then collected, washed, and crystallised from hot alcohol. On 
analysis : 


0°2911 gave 25:1 c.c. of nitrogen at 17° and 763 mm. N = 10°23. 
03084 ,, 01997 AgBr. Br=27°56. 
C,,0,,0,N,Br requires N= 9-69 ; Br=27°68 per cent. 


The substance therefore appears to be a nitro-derivative. It = 
tallises from alcohol in rosettes of transparent prisms melting at 103°, 
and is insoluble in sodium carbonate or caustic alkali. Unlike the 
substance from which it is derived, it gives Liebermann’s reaction for 
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nitroso-derivatives. Hot caustic soda decomposes it slowly, giving rise 
to infracampholenonitrile. 

The same difference in behaviour towards nitric acid is exhibited 
by the anhydrides of 1 : 1-chloronitrocamphane. 

Twenty-five grams of the isomeride melting at 248° were heated 
with 100 c.c. of fuming nitric acid during one minute only, the solu- 
tion being poured on crushed ice ; the oil which separated soon solidi- 
fied, and was crystallised from alcohol, which deposited flat prisms 
resembling the corresponding bromo-derivative, and melting at 
1—72°. , 

0:2204 gave 0°1309 AgOl. Cl=14°68. 

C,)H,,0,N,Cl requires Cl = 14°52 per cent. 

The substance dissolves very readily in hot alcohol, and in cold 
benzene, ethyl acetate, or glacial acetic acid; it is moderately soluble 
in boiling petroleum, from which it crystallises on cooling, and is also 
slightly soluble in boiling water. Decomposition with hot caustic 
soda is effected more readily than in the case of the corresponding 
bromo-derivative, infracampholenonitrile being produced. It gives 
Liebermann’s reaction for nitroso-derivatives and does not reduce an 
ammoniacal solution of silver nitrate; it is distinguished from the 
original anhydride by indifference towards benzoyl! chloride, which does 
not yield a derivative. 

Behaviour of the Nitro-compound on Reduction.—Ten grams of the 
nitro-derivative obtained from the isomeric anhydride of 1 : 1-chloro- 
nitrocamphane were dissolved in 50 c.c. of glacial acetic acid, and 
treated with 20 grams of zinc dust. The metal was added in small 
quantities at a time, and the liquid was cooled after each treatment, 
but in spite of these precautions nitrous gases were liberated on each 
occasion. When all the zinc had been added, the product was allowed 
to remain at the ordinary temperature during 12 hours, then heated 
on the water-bath during 2 hours, and finally filtered. On diluting 
the acetic acid with water, a white, crystalline precipitate was obtained ; 
this weighed nearly 8 grams, and was readily identified as the anhydr- 
ide melting at 248°. The filtrate from this compound was rendered 
alkaline with caustic soda, and distilled in a current of steam, which 
carried over a small quantity of infracampholenonitrile ; the distillate 
was tested for hydrazine, but no reduction of ammoniacal silver nitrate 
occurred. 

From this experiment it appears probable that the nitro-groups in 
the derivatives of the anhydrides are attached to nitrogen. 
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CVII.— Reduction of ay-Dibenzoylpropane and Dibenzoyl- 
diphenylbutadiene. 


By Francis R. Japp, F.R.S., and ARTHUR ©. Micurr, B.Sc. 


Jouannes WIs.icenus has published, conjointly with some of his pupils 
(Annalen, 1898, 302, 191—244), a series of papers under the collective p 
title, ‘‘ Formation of Carbocyclic Compounds by the Conversion of ca 
1:5-and 1:6-Diketones into their Pinacones.” Portions of the in- of 
vestigation treat of matters which have already been dealt with by ov 
other methods in papers on the condensations of benzil with ketones 
published by one of us in conjunction with various collaborators ; but im 
of the latter work, unfortunately everything except the first paper— gh 
“On Additive and Condensation Compounds of Diketones with Th 
Ketones’ (Japp and Miller, Trans., 1885, 47, 11; also Ber., 1885, 18, Ki 
179)—has escaped the notice of the German investigators. The con- 0c 
sequence is that they occasionally describe, as new, facts already 
known ; that they fail to compare their compounds with others pre anc 
viously described, even where this is of importance ; and that they ind 
sometimes misinterpret their results. We have therefore subjected it 
certain portions of their work to a careful revision. tai? 

J. Wislicenus and C, K. Kuhn (loc. cit., p. 215) describe the prepar- pin: 
ation of ay-dibenzoylpropane ; its reduction, by the action of sodium J 
on an ethereal solution of the substance floating on water, to an un- five 
erystallisable oil which they regard as the cyclic pinacone 1 : 24i- (1) 
phenyl-1 : 2-dihydroxycyclopentane, the reaction taking place according qua: 
to the equation 

C,H: CO-OH,, _ O,H,*C(OH):CH (m. 
CH’-CO-CH, CH: + 2H = on’. bon)-cH, oH: = 

and, finally, the reduction of the latter compound by hydriodie acid pane 
to a substance which they regard as 1 : 2-diphenyleyclopentane, and 
“ry face ot, a white, granular, crystalline mass melting me 
at 108°. the | 

These authors are apparently unaware that a substance claiming to agree 
be a 1: 2-diphenylcyclopentane (m. p. 47°) has already been prepared. HH coinc 
Japp and Burton (Trans. 1887, 51, 423), who obtained it by Wi 
the reduction of ankydracetonebenzil (diphenylcyclopentenolone), and ; 
“9 cae oa: >CO, were uncertain whether it was a 1 : 1-phenyl: oo 
benzyleyclobutane or a 1: 2-diphenyleyclopentane, as the constitution #} pinac 
of anhydracetonebenzil itself was not then settled. Japp and Lander As 
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, 1897, ‘71, 128 and 131) conclusively showed that it had the 
latter constitution. Later on, we will briefly recapitulate their argu- 
ments, adding a further experimental proof. 

Our first impression was that the hydrocarbons melting at 47° and 
108° respectively might be the cis- (meso) and the trans- (racemic) 
form. We therefore resolved to prepare the hydrocarbon melting at 108° 
by Wislicenus and Kuhn’s method: in the first place, in order to com- 
pare the two compounds, and, secondly, to ascertain whether the hydro- 
carbon melting at 47° was formed at the same time, as, in the method 
of purification adopted by these authors, it might possibly have been 
overlooked. 

We first prepared ay-dibenzoylpropane and, incidentally, greatly 
improved the yield of this substance by hydrolysing the dibenzoyl- 
glutaric ester with dilute sulphuric acid instead of with caustic alkali. 
The “acid hydrolysis ” of the ketonic ester observed by Wislicenus and 
Kubn was thus entirely avoided, and only “ketonic hydrolysis” 
occurred, 

Wethen reduced the ay-dibenzoylpropane as prescribed by Wislicenus - 
and Kuhn, and obtained the “ pale-yellow oil” which they could not 
induce to crystallise, and which they therefore analysed after leaving 
it in a vacuum desiccator until the weight was constant. They ob- 
tained figures agreeing with those required for the expected cyclic 
pinacone, 1 : 2-diphenyl-1 : 2-dihydroxycyclopentane. 

We find, however, that, by appropriate treatment, no fewer than 
five distinct substances can be separated from this ‘‘ pale-yellow oil” : 
(1) the above cyclic pinacone (m. p. 103—104°5°); (2) in small 
quantity, ae-diphenyl-ae-dihydroxypentane, 

C,H,“ CH(OH)-CH,° CH,° CH, CH(OH)-C,H, 

(m. p. 84—88°), which we were afterwards able to prepare in some- 
what larger quantity by reducing ay-dibenzoylpropane with sodium in 
boiling alcohol ; (3) a small quantity of unchanged ay-dibenzoylpro- . 
pane, which is always present, even when the sodium in Wislicenus 
and Kuhn’s method is used in the enormous excess of more than 20 
times the theoretical amount; (4) a colourless oil, soluble in light 
petroleum, and (5) a yellow resin insoluble in light petroleum. That 
the “ pale-yellow oil” gave, in Wislicenus and Kuhn’s hands, figures 
agreeing with those required for the pinacone, was therefore a pure 
coincidence, 

We found that the pinacone could be obtained much more readily, 
and in a state of purity, by reducing ay-dibenzoylpropane in hot 
aqueous alcoholic solution with aluminium amalgam. 

Chromium trioxide, in acetic acid solution, readily reconverts the 
pinacone into ay-dibenzoylpropane. 

As regards the hydrocarbon, we prepared it both according to 
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Wislicenus and Kuhn's directions from the “ pale-yellow oil,” and 
afterwards from the pure pinacone. By their method of purification, 
one and the same substance, agreeing fairly well with their descrip. 
tion, was isolated in both cases. It is of very indefinite character and 
is certainly not a diphenyleyclopentane. Thus it does not boil even at 
340° under 12 mm. pressure, whereas 1 : 2-diphenyleyclopentane from 
anhydracetonebenzil boils quite constantly at 189° under 12 mm, 
pressure. Again, it must appear somewhat strange that Wislicenus 
and Kuhn’s diphenyleyclopentane should melt as high as 108° and be 
practically insoluble in alcohol, seeing that Wislicenus and Carpenter’s 
tetraphenyleyclopentane (Annalen, 1898, 302, 229), in spite of its two 
additional phenyl groups, melts as low as 81° and is soluble in 
alcohol. 

We have therefore no hesitation in saying that Wislicenus and 
Kuhn’s supposed 1 ; 2-diphenyleyclopentane is a highly polymerised 
substance, and that the action of hydriodic acid on the pinacone is 
much less simple than these authors have assumed. Indeed, the known 
action of acids upon pinacones, in producing dehydration and migration, 
might have suggested the need for caution on this point. 

As it was apparently impossible to obtain 1 : 2-diphenylcyclopentane 
from the pinacone, it was of interest to ascertain whether the reverse 
change could be effected ; whether the known 1 : 2-diphenyleyclopentane 
(m. p. 47°) from anhydracetonebenzil could be oxidised either to a 
pinacone—identical or stereoisomeric with that above described— 
or, failing this, to ay-dibenzoylpropane. We found that the latter 
transformation readily takes place when the hydrocarbon is treated 
with chromium trioxide in acetic acid solution in the cold: 


C,H, “CH: ‘CH, C,H,°CO-CH 
C,H,-CH-CH CH: + 80 = oy .co.cH, CH 
1; 2. - Pe lopentane ay-Dibenzoylpropane. 
(m. p. 47°). 

All attempts to obtain an intermediate oxidation product proved 
fruitless. 

The foregoing reaction entirely confirms the constitution of a 1 :2-4di- 
phenylcyclopentane which Japp and Lander assigned to the hydrocarbon 

C,,H,, (m. p. 47°) from anhydracetonebenzil. 

Before leaving this part of the subject, we will arrange in their 
order the different compounds which have been obtained by one of us, 
conjointly with pupils, in the transformation of benzil and acetone, 0 
the one hand, into ay-dibenzoylpropane, on the other : 


| 
C,H,-co + CH,” C:. a esieey one 
‘ 2 gd (m. p. 78°). 
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C,.H,-C———CH. C,H,°C-CH. 
oi C,H, C(OH)*CH,-O° “at 0,8, C-CH, O° | BT 
Anhydracetonebenzil Diphenyleyclopentenone 
(m. p. 149°). (m. p. 110°). 
0,H,-CH-CH C,H,*CO-CH 
a mas ae C,H,-0o-cH,7 CEs 
1: 2-Diphenyleyclopentane ay- Dibenzoylpropane 
(m. p. 47°). (m. p. 67°5°). 

The constitution of anhydracetonebenzil has been proved by a study 
of its reactions, too long to recapitulate here (compare Japp and 
lander, Trans., 1897, '71, 123); that of diphenyleyclopentenone by 
its formation from anhydracetonebenzil, by its giving a phenylhydr- 
azone, and by its being oxidised quantitatively to diphenylmaleic acid 
by sodium hypobromite (ibid., 132) ; and finally, that of 1 : 2-diphenyl- 
cyclopentane both by its formation from diphenyleyclopentenone by re- 
duction, and by its conversion into ay-dibenzoylpropane by oxidation, 
asalso by the fact that it behaves as a saturated compound, both towards 
bromine and towards hydriodic acid at 150° (Trans., 1887, 51, 424).* 

Wislicenus and Lehmann (Annalen, 1898, 302, 195) have studied 
the action of alcoholic sodium hydroxide and sodium ethoxide on a 
mixture of benzil and acetophenone. By the first method they 
obtained a8-dibenzoylphenylethylene (af-dibenzoylcinnamene, anhydr- 
C,H,°C:CH*CO-C,H, 


toph i 
acetophenonebenzil),t C,H, -CO 


, which they recognised as 


identical with the compound obtained by Japp and Miller by the action of 
warm aqueous potash on a mixture of benzil and acetophenone (Trans., 
1885, 4'7, 35). Wislicenus and Lehmann’s method, however, yields 


* It is not often that Dr. M. M. Richter, the author of the invaluable Lexikon 
der Kohlenstoff-Verbindwngen, ventures to combine his already sufficiently arduous 
task of compilation with that of criticism. With regard to the present question, 
however, after accepting Wislicenus and Kuhn’s compound at their own valuation 
as “‘1,2-Diphenyl-R-Pentamethylen, Sm. 108°,” he indicates his scepticism regarding 
the 1:2-diphenyleyclopentane of m. p. 47° by querying its constitution. Again, 
Richter-Anschiitz’s Organische Chemie (9th edition, 2, 10) gives only Wislicenus 
and Kuhn’s compound. 

The reasons for this preferential treatment of the non-existent 1 ; 2-diphenylcyelo- 
pentane are assuredly not chemical. 

+ I must, I think, decline the responsibility for some, at least, of the changes of 
name that this compound has undergone. The first systematic name assigned to it 
by Dr. Klingemann and myself was ‘‘af-dibenzoylstyrolene,” and under this name 
it was described in the Proceedings (1889, 5, 136). On our sending the full paper 
to the Journal, Mr. C. E. Groves, at that time Editor, pointed out to us that the 
Official name for styrolene” was ‘‘ cinnamene,” and that, in any case, the com- 
pound would be thus indexed. We therefore made the required change to ‘‘ aB-di- 
benzoylcinnamene ” (compare Trans., 1890, 57, 662); but I now find that the 
compound appears in the Collective Index as ‘‘a-dibenzoylstyrene.”—F. RB. J. 

VOL, LXXIXx, 3 Z 


1014 JAPP AND MICHIE: REDUCTION OF ay-DIBENZOYLPROPANE 


the compound mixed with dibenzoyldiphenylbutadiene, and is there. 
fore inferior to that described by Japp and Klingemann (Trans., 1890, 
57, 673), in which, by employing as a condensing agent alcoholic 
potassium hydroxide very slightly diluted with water, pure af-dibenzoyl- 
phenylethylene is obtained. Wislicenus and Lehmann have overlooked 
the latter paper, with the result that, in addition to employing the 
foregoing unsuitable method of preparation, they make various deter. 
minations without indicating that these are merely confirmations 
of some already made: thus an ebullioscopic determination of the 
molecular weight, already determined cryoscopically by Japp and 
Klingemann (ibid., 674), and a few indications of the crystalline 
form (two angles measured), whereas Tutton (Trans., 1890, 57, 714) 
gives full crystallographical measurements of af-dibenzoylphenyl- 
ethylene and ten of its derivatives. If this were all, the matter would 
not, of course, be worth calling attention to, But this want of 
acquaintance with the foregoing work causes the German authors to 
go somewhat astray in their interpretation of the chief reaction of their 
paper—the reduction of dibeuzoyldiphenylbutadiene. 

Dibenzoyldiphenylbutadiene, which had not been previously prepared, 
was obtained by Wislicenus and Lehmann (/oc. cit., 198) by the con- 
densation of 1 molecular proportion of benzil with 2 of acetophenone 
under the influence of alcoholic sodium ethoxide. They leave it an 
open question whether the compound has the symmetrical or the 
unsymmetrical constitution : 

C,H,C:CH:CO-C,H, O,H,*C:CH-C-C,H, . 
C,H,C:CH:CO-C,H, %  0,H,CO CH-CO-C,H, 


They subjected this compound to the action of various reducing 
agents, and obtained various products. One of the latter, which was 
formed by reducing the substance with hydriodic acid in glacial acetic 
acid solution and boiling the resinous product with alcoholic potassium 
hydroxide, and to which the formula C,,H,,0 is assigned, attracted our 
attention ; partly because it was difficult to see how it could have such 
a formula, and partly because it was obviously identical with an 
already known compound of a different formula, The authors describe 
the substance as crystallising from alcohol in “long, colourless, flat 
needles, melting at 92—94°.” They found benzoic acid in the alkaline 
solution from the treatment of the resin, and explain the formation 0 
the compound as follows: ‘By the action of the alkali, the resinous 
reduction product of the diketone—the latter a compound containing 
four phenyl groups—has been broken up “into a molecule of benzo 
acid and a compound, ©,,H,,0, containing three phenyl groups.” 

Leaving difficulties with the hydrogen out of the question, three 
phenyl groups would account for C,,, leaving ©, over for the groupits 
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of these three phenyl groups, and the authors refrain from hazarding 
any explanation as to how a dibenzoyldiphenylbutadiene, whether 
symmetrical or unsymmetrical, could yield a compound in which three 
phenyl groups are attached to the group C,. 

Speculation on this point is, however, unnecessary, inasmuch as the 
compound has not the formula C,,H,,O, but O,,H,,0 (Wislicenus and 
Kuhn’s figures agree, on the whole, rather better with this formula 
than with that which they calculate), and is identical with the sub- 
stance which Japp and Burton (Trans., 1887, 51, 430) obtained by the 
reduction of aB-dibenzoylphenylethylene with hydriodic acid. The 
latter authors describe the compound as forming “colourless, long, 
fat{prisms melting constantly at 92—93°,’’ which agrees with Wislicenus 
and Lehmann’s description. Japp and Klingemann (Ber., 1888,21, 2933 ; 
Trans., 1890, 57, 663) showed later that the compound was 2 : 3 :5-tri- 


Mm 
phenylfurfuran, C,H;C C-O,H;. 
ol 


O 

We therefore repeated the reduction of dibenzoyldiphenylbutadiene 
with hydriodic acid, as described by Wislicenus and Lehmann, omitting, 
however, the boiling with alcoholic potash, and, instead, distilling the 
product under reduced pressure. We thus obtained without difficulty 
acetophenone and 2: 3: 5-triphenylfurfuran, the formation of the former 
of which explains that of the latter. In the first stage of the reaction, 
the dibenzoyldiphenylbutadiene parts with one C,H,*CO-CH group by 
hydrolysis as acetophenone, and the resulting af-dibenzoylphenyl- 
ethylene is then reduced to triphenylfurfuran. Assuming, for sim- 
plicity, the symmetrical formula for dibenzoyldiphenylbutadiene, the 
process may be represented as follows : 


q) CHs"(:0H-00-CH, 
(,H,0:CH-Co-0,H, + 1:9 = 
O,H,-0:CH-00-O,H, 


C,H.-60 + C,H,:CO-CH,. 


C.H,-C——CH 
G,H,CO CO-Cc,H, + * 


C,H,-C-—CH 
it 11 + H,O 


2 
) 2H = ©,H,C C-0,H, 
\4 


O 
2:3 :5-Triphenylfurfuran 


(m. p. 92—93°). 

The boiling with alcoholic potash employed by Wislicenus and 
Lehmann, has therefore nothing to do with the formation of the 
triphenylfurfuran, although this treatment may, of course, have aided 
iN removing impurities. 


322 
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The various facts above referred to, which have escaped Wislicenus 
and Lehmann’s notice, are to be found collected together in Beilstein, 
3, p. 308, in the article “ Dibenzoylstyrol.” 


EXPERIMENTAL. 


Preparation of Ethyl Dibenzoylglutarate (Ethyl Methylenedibenzoyl- 
O,H,"CO-CH-CH,-CH-CO-0,H, 
CO,C,H, CO,°C,H,; 

pared by the condensation of formaldehyde with ethyl benzoylacetate 
as described by Knoevenagel (Annalen, 1894, 281, 57), except that we 
employed as a condensing agent piperidine instead of diethylamine,* One 
hundred and twenty grams of ethyl benzoylacetate and 24 grams of a 40 
per cent. aqueous solution of formaldehyde were mixed, and 15 grams of 
piperidine gradually added, cooling with water all the time. As soonas 
the liquid began to thicken, alcohol was added; this prevented the 
whole from setting to a hard cake, as in Knoevenagel’s experiment. 
The compound is deposited from the solution in a crystalline condition, 
and after recrystallisation from alcohol, forms colourless needles 
melting constantly at 92°5°, showing straight extinction in polarised 
light and giving no coloration with ferric chloride. (Knoevenagel 
gives the melting point as 86°, but he employed only 2 grams of ethyl 
benzoylacetate in the preparation of the substance, and the quantity 
obtained was probably insufficient for complete purification. He does 
not indicate the crystalline form.) 

The yield varied somewhat. The most favourable result was 100 
grams of once crystallised product from the foregoing quantities. 

Wislicenus and Kuhn (Annalen, 1898, 302, 215) prepared ethyl 
dibenzoylglutarate by the action of methylene diiodide on ethy! 
benzoylsodioacetate. In this way, they obtained it as an uncrystallis 
able oil, which gave a cherry-red coloration with ferric chloride.t In 
one experiment, they obtained an isomeric ethyl dibenzoylglutarate 
melting at 130°5°. 

Preparation of ay-Dibenzoylpropane, 

C,H, CO-CH,°CH,°CH,: CO-C,H,. 

—Wislicenus .and Kuhn prepared this compound by boiling the 
“crude, oily ethyl dibenzoylglutarate” with a 10 per cent. aqueous 
solution of potassium hydroxide for 9 hours. This process, however, 
yielded, along with the diketone, y-benzoylbutyric acid. In order to 


acetate), .—This substance was pre. 


* This was done merely because we happened to have a stock of the former base. 
In many of these condensations, Knoevenagel uses either base indifferently. ) 

+ This coloration may, of course, have been due to an enolic form of ethy 
dibenzoylglutarate. Still, some proof of the absence of unchanged ethyl 
acetate from the uncrystallisable oil would appear desirable. 
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avoid this “acid hydrolysis,” we hydrolysed the ester by boiling it 
with dilute sulphuric acid. 

Forty grams of crystallised ethyl dibenzoylglutarate were boiled for 
2 hours with 200 c.c. of a mixture of equal volumes of concentrated 
sulphuric acid and water, using a reflux condenser. A more dilute 
acid does not produce hydrolysis, whilst one more concentrated com- 
pletely resinifies the substance ; indeed, even with an acid of the fore- 
going strength there is a certain amount of resinification, the organic 
substance, which floats in a fused condition on the surface of the 
liquid, being reddish-brown at the end of the process, whilst the 
aqueous layer is highly fluorescent. The evolution of carbon dioxide 
is practically complete at the end of the 2 hours, and longer boiling 
diminishes the yield. The flask was cooled with water, shaking all 
the time, and the product, which was thus obtained in a granular form, 
was separated, washed with water, dissolved in ether, and the ethereal 
solution was shaken with sodium carbonate solution, dried with 
calcium chloride, and concentrated. The dibenzoylpropane was 
deposited in lustrous laminz, a second crystallisation sufficing to fur- 
nish a colourless product melting at 67°5°, as described by Wislicenns 
and Kuhn. From alcohol, it crystallises in blades ; from light petrol- 
eum, in which it is only sparingly soluble, in very slender needles. 
The yield was 65 per cent. of the theoretical. 

Reduction of Dibenzoylpropane in Ethereal solution with Sodium.— 
The process of reduction was carried out exactly as prescribed by 
Wislicenus and Kuhn (loc. cit., 221). An ethereal solution of 10 grams 
of dibenzoylpropane was introduced into a flask along with water, and 
40 grams of sodium in small pieces was gradually added, cooling all 
the time. (Wislicenus and Kuhn merely state that a very large 
excess of sodium is to be employed, without specifying the amount.) 
The addition of the sodium took about 2 days. The ethereal solution 
was separated from the yellow, aqueous layer, dried with anhydrous 
sodium sulphate, and evaporated to expel the ether, after which it was 
left in a vacuum desiccator over sulphuric acid for several days. It 
formed a pale yellow syrup, agreeing with the description given by 
Wislicenus and Kuhn, who analysed it in this condition. 

As our final results in dealing with this substance. differ very 
materially from those of Wislicenus and Kuhn, we venture to describe 
the method of purification more fully than would otherwise be 
necessary. 

The syrupy substance was extracted with successive portions of 
boiling light petroleum (“ligroin ’”’), using a reflux condenser ; it be- 
came crystalline on warming with the light petroleum, but the crystals 
afterwards melted again. After four extractions there remained only a 
hard, yellow resin, insoluble in light petroleum. The four extracts, 
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which were kept separate, deposited on cooling a colourless oil, which. 
on standing partly crystallised in short, thickish needles, which give a 
red coloration with concentrated sulphuric acid. The first extract 
yielded most crystals. The united mother liquors from these 
gave on concentration tufts of very slender needles, totally distinet 
from the others. After recrystallisation from light petroleum they 
melted at_ 84—88°, and when free from the thickish needles gave only 
a yellow coloration with sulphuric acid. They proved to be ae-di- 
phenyl-ae-dihydroxypeniane described later on. The last mother liquor 
gave a small quantity of unaltered dibenzoylpropane. 

The purification of the substance crystallising in thickish needles 

was a matter of some difficulty owing to the oil with which they were 
contaminated. In the case of the first crop some fairly pure substance 
was obtained by recrystallising from a mixture of benzene and light 
petroleum. The other portions were dissolved in boiling light petrol- 
eum, and the flask containing the decanted hot solution shaken under 
the tap until a portion of the oil had separated; the solution, again 
decanted from the oil, gave the short, thickish, prismatic needles, The 
various portions of crystalline substance obtained by these various 
methods were finally united and recrystallised from light petroleum 
until they showed the constant melting point of 103—104:5°. In 
polarised light, the needles show oblique extinction. They dissolve in 
concentrated sulphuric acid, giving a deep red, strongly fluorescent 
solution. Owing to loss in purification, the yield of pure substance 
was only 1°4 grams. 
i: Occasionally in the crystallisation of the foregoing substance the 
tufts of slender needles (m. p. 84—88°) made their appearance, These 
could be got rid of by pouring off the solution from the thickish 
needles before the others separated. 

After both kinds of crystals had been as far as possible removed, 
there remained a colourless oil which could not be made to crystallise 
by contact with any of the three crystalline substances isolated. from 
the mixture. It was not further examined. 

Analysis of the substance melting at 103—104°5° gave figures 
agreeing with those required by the cyclic pinacone, 1 : 2-diphenyl-1:2 
dihydroxycyclopentane, 

C,H,*C(OH)-CH. 
C,H, -C(0H)-CH,> CH 


0°1652 gave 0°4846 CO, and 01059 H,O. C=80-00; H=7'12. 
C,,H,,0, requires C=80°31 ; H=7-08 per cent. 


Afterwards, when we had prepared the cyclic pinacone in quantity 
by the reduction of dibenzoylpropane with aluminium amalgam, We 
found that it was deposited from glacial acetic acid in crystals of the 
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formula C,,H,,0,,C,H,O, sparingly soluble in the cold acid. The 
pinacone should be dissolved in the glacial acetic acid with the 
aid of a gentle warmth, as heating with the acid turns it yellow, 
and decomposes it. In the form of this double compound the pinacone 
can, as the following experiment shows, be readily separated from the 
other substances formed in Wislicenus and Kuhn’s process of 
reduction. 

Ten grams of dibenzoylpropane in ethereal solution were again 
reduced with sodium as already described, but instead of treating the 
syrupy product with light petroleum, it was dissolved in a little more 
than its own bulk of glacial acetic acid. As it showed no tendency 
to crystallise, a small portion was removed and frozen with ice and 
salt ; on allowing it to thaw, crystals of the double compound remained, 
and with these the crystallisation of the rest was started. The sub- 
stance was deposited in large crystals ; after expelling the acetic acid 
of crystallisation, the pinacone thus obtained weighed 3°7 grams, and, 
save for a very faint brownish tinge, was pure, After a second crys- 
tallisation from acetic acid, it was colourless. The crysta’s effloresce 
only very slowly at the ordinary temperature. For analysis, they 
were dried by pressing between filter paper and then exposing to the 
air for two and a half hours. ; 


0'8735 lost, on heating at 70°, 0:1688. C,H,O,=19°32. 
C,H, ,0,,C,H,O, requires C,H,O, = 19°10 per cent. 


The acetic acid mother liquor, separated from the first crop of 
crystals of the foregoing double compound and containing the re- 
mainder of the reduction product, yielded, by spontaneous evaporation, 
only a small quantity of the same crystals, imbedded, however, in a 
thick syrup which showed no tendency to crystallise. We estimate 
that the crude, syrupy reduction compound, analysed as the cyclic 
pinacone by Wislicenus and Kuhn, contains not more than 50 per 
cent, of that substance, 

Reduction of Dibenzoylpropane with Sodium in boiling Alcohol.— 
Twenty grams of dibenzoylpropane were dissolved in absolute alcohol 
and 24 grams of sodium gradually added to the boiling solution. On 
diluting with water, an oil separated ; this was taken up with ether, 
the ethereal solution dried with fused potassium carbonate, and the 
ether expelled on the water-bath. The yellow, oily product showed no. 
tendency to crystallise, but by the following rather tedious process 
We succeeded in isolating a crystalline substance from it. The oil was 
dissolved in a moderate bulk of alcohol; the solution was diluted 
with an equal volume of water, shaken in a corked flask, and allowed 
to stand. As soon as the oil had settled, the solution, which was still 
Somewhat turbid, was decanted into a beaker and again allowed to 
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stand, so as to allow part of the alcohol to evaporate. More oil separ. 
ated, and the liquid, which had become clear, was again decanted and 
allowed to evaporate in a vacuum desiccator over sulphuric acid, when 
it deposited clear, prismatic crystals.* The oils were redissolved in 
alcohol and again treated in the same way, repeating the process as 
often as crystals were obtained. The united crops of crystals were 
recrystallised, once from dilute alcohol by the same method, and then 
twice from light petroleum. From the latter solvent, the substance 
was deposited in very slender needles melting at 84—88°, identical 
with those obtained in small quantity along with 1 : 2-diphenyl-] ; 2 
dihydroxycyclopentane in the treatment of Wislicenus and Kuhn's 
reduction product with light petroleum. In the present case, if the 
crystallisation was allowed to go on too long, a slight separation of 
the thickish, short needles of the cyclic pinacone from the light petr. 
oleum solution was observed, but by filtering as soon as the slender 
needles were deposited, the pinacone remained in the mother liquor. 

The new compound crystallises from dilute alcohol in lustrous, 
slender, six-sided prisms, from light petroleum in very slender needles, 
both showing straight extinction in polarised light. The melting 
point is not sharp; the substance fuses between 84—88° to a turbid 
liquid which clears at 92°. If free from the cyclic pinacone, it gives 
only a yellow coloration with concentrated sulphuric acid. 

Analysis gave figures agreeing with the formula of ae-diphenyl-« 
dihydroxy pentane, C,H,,*CH(OH)-CH,°CH,°CH,°CH(OH):C,H,. 


0°1314 gave 0°3817 CO, and 0°0926 H,O. C=79°22; H=7°83. 
01356 ,, 0°3953CO, , 00951 H,O. C=7950; H=7°79. 
C,,H,.0, requires C= 79°69 ; H=7-81 per cent. 

The yield of pure substance from 20 grams of dibenzoylpropane was 
only 0°3 gram. 

Reduction of Dibenzoylpropane by Aluminium Amalgam.—This re 
action furnishes the best means of obtaining 1 : 2-diphenyl-1 : 2d: 
hydroxycylcopentane, but the success of the method depends on the 
observance of certain precautions. No reduction takes place in abso 
lute alcohol ; the best result was obtained with a solution in alcohol 
diluted with half its volume of water. The condition of the amalgam 
is important ; if it is allowed to heat up and oxidise during its prepart 
tion, it becomes inert. The following method gave a good result. 

Ten grams of aluminium powder, previously freed from oil by treat- 
ment with ether in a Soxhlet’s extractor, was shaken for a few seconds 
with 10 c.c. of a saturated alcoholic solution of mercuric chloride 


* Sometimes an oil separates at this point also, and does not crystallise until 
after long standing. Once crystals have been obtained, it is better to’ start the 
crystallisation with nuclei of these, . 


AND DIBENZOYLDIPHENYLBUTADIENE. 1021 


which had been diluted with 100 c.c. of the same solvent, was then 
rapidly filtered through a disc of loose felt on a perforated porcelain 
funnel, using the filter pump, washed quickly with alcohol, and at 
once transferred to a flask containing 10 grams of dibenzoylpropane, 
900 c.c. of alcohol, and 100 c.c. of water. The flask was fitted with a 
condensing tube and was heated on a metal plate over the water-bath, 
repeating the heating every day for some time. At first the liquid 
deposited, on cooling overnight, blades of dibenzoylpropane, the 
quantity of which, however, daily diminished, until at last they ceased 
to appear. The reduction must, however, be carried considerably 
beyond this point. After a week, as the evolution of hydrogen had 
become very slow, a second portion of 10 grams of aluminium amalgam 
was added, and a third was sometimes found necessary at the end of 
another week. From a fortnight to three weeks’ heating was thus 
required according to the activity of the amalgam, and it was found 
that the addition of the latter in successive portions, as just described, 
gave a better result than when it was added all at once. The filtered 
and concentrated solution ought to yield, on diluting slightly with 
water, needles of the cyclic pinacone, unmixed with the blades and 
lamine of unaltered dibenzoylpropane. If, however, the latter sub- 
stance is present, the mixture of crystals should be dissolved in a little 
glacial acetic acid with the aid of a gentle warmth; the liquid on. 
standing deposits crystals of the cyclic pinacone containing acetic acid 
of crystallisation, whilst the dibenzoylpropane remains in solution. If 
it is necessary to concentrate this solution, it should be done under 
diminished pressure, in order to avoid the decomposing action of the 
hot acid on the pinacone. 

If the reduction has been properly carried out, the yield is geanitle 
tative, 

The pinacone was deposited from dilute alcohol in thick needles, 
For analysis, it was recrystallised from light petroleum, from which it 
separated in short needles melting at 103—104°5°, identical with the 
compound of the same melting point obtained by the reduction of 
dibenzoylpropane with sodium in ethereal solution, Analysis gave 
figures agreeing with those required by 1 : 2-diphenyl-1 : 2-dihydroay- 
cyclopentane. 


0'1816 gave 0:5340 CO, and 0:1190 H,O. C=80:19; H=7-28. 
O1511 ,, 0444000, ,, 00965 H,O. C=80-13; H=7-09. 
C,,H,,0, requires C= 80°31 ; H=7-08. 


Stereoisomerides were not observed. 

Oxidation of 1 : 2- -Dibenzoyl-1 : 2-diphenyleyclopentane to ay-Dibenzoyl- 
propane.—1‘5 grams of the cyclic pinacone were dissolved in glacial 
acetic acid with the aid of a "gentle warmth, and the same weight of 
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chromium trioxide, dissolved in the same menstruum, was gradually 


added. As no oxidation had taken place after standing for 20 hours ae 
in the cold, the mixture was warmed for a short time on the water. un 
bath and then poured into water. Laminew of ay-dibenzoylpropane de 
separated. After freeing from acid by means of sodium carbonate, an an 
ethereal solution deposited crystals showing the melting point of boi 
ay-dibenzoylpropane (67°5°) and indistinguishable from that substance, me 
Reduction of 1: 2-Dibenzoyl-1 : 2-diphenyleyclopentane with Hydriodic WB de 
Acid and Red Phosphorus.—This reduction was carried out exactly as per 
described by Wislicenus and Kuhn, heating the cyclic pinacone with mas 
hydriodic acid and red phosphorus in sealed tubes at 150—160°. One ( 
set of experiments was performed with the crude syrupy pinacone, as 1:5 
prescribed by these authors. Afterwards we used the pure pinacone, acid 
Finally we tried the experiment, not mentioned by Wislicenus and gra 
Kuhn, of boiling dibenzoylpropane with hydriodic acid (sp. gr. 1) pou 
and red phosphorus for 13 hours. liqu 
In every case, by employing the method of purification prescribed The 
by these authors—namely, of repeatedly dissolving the product of ay-d 
reduction in ether and precipitating it with alcohol—we obtained what melt 
appeared to be the same substance. It was a white, wax-like solid, J alco! 
which showed a tendency to become more granular by repeated precipi- prop 
tation and which finally melted at 105—108°. It was readily soluble B 
in ether and in benzene, practically insoluble in alcohol. In these § acid 
respects it agreed fairly well with the description of Wislicenusand § 133° 
Kuhn’s hydrocarbon melting at 108°. Re 
We introduced a portion of this product (prepared from the syrupy § ‘liber 
pinacone) into a bulb which was exhausted by means of a filter-pump § 10 gi 
and then heated in a spermaceti-bath, the temperature being gradually § for 3 
raised to 340°. At that temperature and under a pressure of 12mm, § preci 
there was a mere trace of a distillate, but the greater part of thesub @ s0lut 
stance showed no sign of volatilising. The distillate did not crys dried 
tallise. was d 
We had intended to make an ebullioscopic determination of the @ it sm 
molecular weight of the substance, but after the result of the fore @ with; 
going experiment, we did not regard this as necessary. The mole the r 
cular weight was obviously very much higher than that of a dipheny} disso] 
cyclopentane—the substance which Wislicenus and Kuhn had supposed liquor 
it to be. by sec 
The mother liquors obtained in the purification of the foregoing sub. boiled 
stance were examined. By evaporating to dryness and distilling the treates 
residue under diminished pressure a crystalline substance was obtainet colour 
but in quantity too small for further examination. It was not identr oo 
ur 


cal with Japp and Burton’s 1 : 2-diphenyleyclopentane (m. p. 47°). The 
latter compound is not formed in this reduction. 


SPeest QspeaePaws 
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Boiling point of 1 : 2-Diphenyleyclopentane (m. p. 47°) from Anhydr- 
acetonebenzil.—Japp and Burton (Trans., 1887, 51, 423) found that, 
under atmospheric pressure, this hydrocarbon boils, with partial 
decomposition, at 305°. In order better to compare it with Wislicenus 
and Kuhn’s supposed 1 : 2-diphenyleyclopentane, we determined its 
boiling point under reduced pressure. A well-crystallised specimen 
melting at 47° was employed for the purpose. It passed over without 
decomposition quite constantly at 189° under 12 mm. pressure (tem- 
perature of oil-bath 200°). The colourless distillate solidified to a 
mass of white crystals of unchanged substance, 

Oxidation of 1: 2-Diphenyleyclopentane (m. p. 47°).—0°6 gram of 
1:2-diphenyleyclopentane (m. p. 47°) was dissolved in glacial acetic 
acid, asolution of 12 grams of chromium trioxide in acetic acid was 
gradually added, the mixture was allowed to stand for 20 hours, and 
poured into water. Solid caustic soda was added so as to leave the 
liquid slightly acid, after which the solution was extracted with ether. 
The ethereal solution, after removing acids, deposited lamine of 
ay-dibenzoylpropane, which after recrystallisation showed the correct 
melting point of 67°5°. A supersaturated solution of the substance in 
alcohol at once crystallised on seeding it with a crystal of dibenzoyl- 
propane, 

Benzoic acid was also formed, together with a small quantity of an 
acid crystallising from water in minute prisms or needles melting at 
133°5°, which we were unable to identify. 

Reduction of Diphenyldibenzoylbutadiene.—Five grams of diphenyl- 
dibenzoylbutadiene were boiled with 200 grams of glacial acetic acid, 
10 grams of hydriodic acid (sp. gr. 1°7), and 2 grams of red phosphorus 
for 3} hours, employing a reflux condenser. The liquid was filtered, 
precipitated with water, and extracted with ether; the ethereal 
solution was treated with sulphurous acid and sodium carbonate, 
dried with calcium chloride, and after expelling the ether, the residue 
was distilled under a pressure of 12 mm. Part passed over at 80—85° ; 
it smelt of acetophenone, and when cooled in melting ice and touched 
with a small crystal of acetophenone, solidified. Nearly the whole of 
the residue distilled when the oil-bath was at 275—295°. It was 
dissolved in alcohol. On cooling, an oil separated. The mother 
liquor was evaporated to a small bulk and crystallisation was started 
by seeding with 2:3:5-triphenylfurfuran. The oils were repeatedly 
boiled up with alcohol and the clear solutions obtained on cooling were 
treated in the same manner. In this way, a relatively good yield of 
colourless needles was obtained. After recrystallisation they melted 
at 92—93°, were indistinguishable from crystals of 2 :3 ;5-triphenyl- 
furfuran (m. p. 92—93°) and, like these, showed straight extinction 
in polarised light. Wislicenus and Lehmann obtained in the analysis 
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of this substance: O = 88°85, H=5-60 (mean of two analyses), the for. 
mula of triphenylfurfuran, OC,,H,,0, requiring C=89°19, H=5-40, 
The formula ©,)H,,0, calculated by Wislicenus and Lehmann, re. 
quires C = 88°88, H =5:20, so that analysis alone is hardly competent 
to decide between the two formule. The proof of the correctness of 
the ‘formula C,,H,,0 is to be found in the fact that the same com- 
pound is formed in a quantitative yield by the reduction of af-di- 
benzoylphenylethylene and by other methods which leave no doubt as 
to its constitution. The above experiment shows, moreover, that the 
treatment of the product of the reduction of diphenyldibenzoylbutadiene 
with alcoholic potash, which Wislicenus and Lehmann regarded as 
essential to the formation of the substance melting at 92—23°, was 
unnecessary. 

The chief products of the reduction of diphenyldibenzoylbutadiene 
in our experiment were, therefore, acetophenone, formed by hydrolysis, 
and 2:3: 5-triphenylfurfuran, formed by the reduction of af-dibenzoyl- 
phenylethylene, the other product of hydrolysis (see Introduction). 

The other compounds obtained by Wislicenus and Lehmann may 
have been present in the residue, sparingly soluble in alcohol, which 
remained after the extraction of the triphenylfurfuran ; but we did 
not examine this further. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF ABERDEEN, 


OVIII.—Homologues of Anhydracetonebenzil. 
By Francis R. Japp, F.R.S., and ANDREW N. Mexprvum, B.Sc. 


ANHYDRACETONEBENZIL, one of the products of the condensation of 
benzil with acetone under the influence of potassium hydroxide, was 
shown by Japp and Lander (Trans., 1897, '71, 123) to be a diphenyl 
lopentenolone of the formula CoH" OHS00 
cyclopenteno , C,H,-C(OH)-CH, . 

By the condensation of benzil with homologues of acetone of the 
general formule CH,R’-CO-CH, and CH,R’:CO-CH,R’, Japp and 
Burton (Trans., 1887, 51, 431) prepared various homologues of anhydr- 
acetonebenzil.. The constitution of those members of this class which 
are formed from symmetrical homologues of acetone follows, as * 
matter of course, from that of anhydracetonebenzil itself ; thus the 
condensation product of benzil with diethyl ketone (/oc. cit., p- 432) is 

‘ H. 
aB-dimethylanhydracetonebenzil, nempemcng?™ (m. P 
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150°), if we distinguish the CH group in the pentacarbon ring of 
anhydracetonebenzil as the a-, and the CH, group as the f-position 
(compare Trans., 1899, ‘75, 1019). But in the case of the compounds 
obtained from unsymmetrical homologues of acetone, there are two 
possibilities ; thus, from benzil and methyl ethyl ketone both the a- 
and the B-methyl derivative may be obtained : 

0,H,°C —C(CH, C,H ,,C—————CH. 

Se dompeue™ CO and G7 -(0H)-CH(CH, >? 

a-Methylanhydracetonebenzil 8-Methylanhydracetonebenzil 

(m. p. 118°). (m. p. 180°5°). 

Japp and Lander (Joc. cit., p. 129) found that a-derivatives are more 
stable towards permanganate in the cold than #-derivatives, and in 
this way arrived at the conclusion that the monoalky] derivatives of 
anhydracetonebenzil obtained by Japp and Burton belonged to the 
B-class,* This conclusion was confirmed by Japp and Findlay, who 
found that these compounds did not interact with benzaldehyde to 
yield benzylidene derivatives, whereas anhydracetonebenzil compounds 
containing the methylene group readily do so. 

We have now repeated and largely extended Japp and Burton’s - 
work, 

Their method of preparing these compounds (Joc. cit., p. 431) con- 
sisted in warming a mixture of the ketone in question—thus methyl 
ethyl ketone—and benzil with aqueous potassium hydroxide for some 
days at a temperature of 20—25°. This procedure left unchanged a 
considerable amount of benzil, which had to be removed by washing 
the product with ether. We find that in this way a soluble isomeride 
was removed along with the benzil, and overlooked. By using a slight 
excess of the ketone and heating to a somewhat higher temperature, 
we ensure the total conversion of the benzil. The separation of the 
two isomerides then presents no difficulty. 

In the foregoing mode of preparation, the sparingly soluble isomeride 
generally predominates ; but we find that, by allowing the condensa- 
tion of the ketone with benzil to take place at the ordinary tempera- 
tureina 0°5 per cent. solution of potassium hydroxide in absolute 
alcohol, the more soluble isomeride is generally formed in greater 
quantity. 


* Although this conclusion happened to be correct, we have since convinced 
ourselves that, except in the case of acid derivatives of anhydracetonebenzil, which 
may be dissolved in a solution of sodium carbonate before applying the permanganate 
lest, the difference in the rate of oxidation is not sufficiently marked to serve as a 
means of distinguishing with certainty between the two classes. The open-chain 
condensation compounds of benzil with ketones may, however, be distinguished 
ftom anhydracetonebenzil derivatives by the much greater ease with which they are 
attacked by permanganate. 
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In the case of the monoalkyl anhydracetonebenzils, the a-compounds st 
are more soluble, and melt lower, than the corresponding f-com- (I 
pounds. 

In the condensation of benzil with methyl ethyl ketone, there is ac 
formed, in addition to a-methylanhydracetonebenzil (m. p. 118°) and 
8-methylanhydracetonebenzil (m. p. 180°5°), a third isomeride melting dy 
at 157°. Its formation was only once observed in the original conden- ob 
sation, but it can be prepared from the B-compound by leaving tio 
the latter for a month in contact with cold alcoholic 0°5 per cent, aci 
potassium hydroxide, or by boiling it with glacial acetic acid. In both P 
cases, the transformation is only partial, and, moreover, the resulting int 
compound is partially retransformed into 8-methylanhydracetonebenzil hyd 
by allowing it to stand with alcoholic potassium hydroxide in the cold, an 
so that there is evidently an equilibrium. By heating alone at 330°, 
it is totally converted into B-methylanhydracetonebenzil. We regard 
this compound as desylene-methyl ethyl ketone—probably the fumaroid 

G.H; 9O-CH,’CH, T 

form, c— ¢ . Inits transformation into B-methyl- deri 
C,H,;-CO H i) 
anhydracetonebenzil, it would first pass into the maleoid form, which to st 
would then undergo internal aldol condensation : is, 
OH, H mon 
O—=0 C,H; CH oy pote 

| 0 ro op us ORC fe 

C,H,;-CO CH,°CH, wile 

Maleoid form. B-Methylanhydracetonebenzil 
(m. p. 180°). potas 

That this compound is not a stereoisomeride of B-methylanhydracet- r “2 
onebenzil is, we consider, proved by the fact that it is so much more in 
readily attacked by permanganate than the latter compound. ‘The is 
substance is, however, difficult to obtain in quantity, so that we have with 
not been able to make a detailed study of its reactions, and we there = 
fore put forward the above formula with reserve. | Bh aleok 

A similar open-chain isomeride of af-dimethylanhydracetonebenil § , HH 
is described later on. mp 

By boiling either a- or B-methylanhydracetonebenzil for a fer 
minutes with fuming hydriodic acid, methyldiphenylcyclopentenom, a 

e('- whic 
mee cement (m. p. 77—78°), was obtained. It yieldss OH 
phenylhydrazone. The same migration of the double bonds occurs obtain 
during the reduction as in the formation of diphenyleyc/opentenoit, We 
CoH "E200, from anhydracetonebenzil. The symmetrical cot a 


C,H,*C-CH, 
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stitution of the latter cyclopentenone was proved by Japp and Lander 
(Trans., 1897, '71, 132) by oxidising it to diphenylmaleic acid. 

By boiling a-methylanhydracetonebenzil for 5 hours with hydriodic 
acid and red phosphorus, it was completely reduced to 1-methyl-2:3- 


falengioyclopeniana, Oot tee GH, (mp. 62—68°),alread 
iphenyleyclopentane, 0H," re i OH, 2 (m. p. ),a y 
obtained by Japp and Murray (Trans., 1897, '71, 152), by the reduc- 
tion of a-anhydracetonebenzillzvulic acid, the carboxyl group of the 
aid being eliminated in the latter case. 

a-Methylanhydracetonebenzil, like anhydracetonebenzil itself, readily 
interacts with benzaldehyde under the influence of alcoholic potassium 
hydroxide in the cold, yielding a benzylidene derivative. Benzylidene- 
a-methylanhydracetonebenztl (m. p. 225°) has the constitution 


C,H;°9-0(CHs)>co 
C,H,°C(OH)—C—CH: C,H," 


The other a-alkylanhydracetonebenzils yield similar benzylidene 
derivatives. 

When £-methylanhydracetonebenzil, on the other hand, is allowed 
to stand with benzaldehyde and alcoholic potassium hydroxide, there 
is, at first, apparently no action. After the mixture has stood for a 
month, however, it is found that a portion of the @-methylanhydr- 
acetonebenzil has been converted into the open-chain compound 
desylene-methyl ethyl ketone* (m. p. 157°) already referred to, whilst 
avery small quantity of the benzylidene derivative of a-methylanhydr- 
acetonebenzil has been formed, This means that, in presence of the 
potassium hydroxide, a portion of the #-methylanhydracetonebenzil 
is hydrolysed to benzil and methyl ethyl ketone (the formation of the 
open-chain compound being an intermediate stage), and that these 
products of hydrolysis again interact, yielding, in part at least, 
amethylanhydracetonebenzil, which then undergoes condensation 
with the benzaldehyde. 

a-Methylanhydracetonebenzil and benzil interact, in presence of 
alcoholic potassium hydroxide, to form a-methylanhydracetonedibenatl, 
C,H,,0, (dimorphous ; silky needles, m. p. 185°; and warty crystals, 
m, p. 194°), 

CigH gO, + O4Hy 90, = CoH, 


Which is obtained in the form of the complex potassium: salt, 
C,,H,,0,K,C,,H,,0,,40,H,-OH. From this salt, the free substance is 
obtained by treating it with acetic acid. a-Methylanhydracetonedi- 


a We at first took this substance for an aldol condensation compound of benz- 
— with 8-methylanhydracetonebenzil (see Trans., 1899, 76, 1020, footnote). 
¢ difference in percentage composition is but small. 
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benzil may be more simply prepared by the action of an alcoholic 
solution of sodium ethoxide on a mixture of benzil (2 mols,) with 
methyl ethyl ketone (1 mol.) : 


O,H,-C0 
261-00 + OH,'CO-O,H, = OyH,0, + 1,0, 


the substance being thus obtained in the form of its sodiwm salt, 
When a-methylanhydracetonedibenzil is boiled with alcohol containing 
a few drops of sulphuric acid, it is esterified, yielding the compound 
C,,H,,(OC,H,)O, (m. p. 250°). In yielding salts with caustic alkalis, 
and in being esterified under the foregoing conditions, a-methylanhydr- 
acetonedibenzil resembles ethyl anhydrodibenzilacetoacetate (Japp and 
Lander, Trans., 1896, 69, 736), and differs entirely from the corre. 
sponding compound from acetone and benzil—anhydracetonedibenzil, 
C,,H,,0,—of which it might otherwise appear to be the next higher 
homologue. 

By boiling a-methylanhydracetonebenzil with sulphuric acid some- 
what diluted with water, or with glacial acetic acid, a dehydration 
product, C,,H,,.O, (m. p. 230°, with evolution of gas), is formed accord- 
ing to the equation 

20, gH) 60. —2H,O = CygH 9,05. 

The molecular weight of the resulting compound is doubled in order to 
bring it into line with the corresponding compound, C,,H,,0,, from 
anhydracetonebenzil (Japp and Lander, Trans., 1897, 71, 13l). 
B-Methylanhydracetonebenzil is converted into the same dehydration 
product, C,,H,,O,, by heating it in a sealed tube with anhydrous formic 
acid ; whereas glacial acetic acid, as already mentioned, transforms it 
into desylene-methy!l ethyl ketone. 


EXPERIMENTAL. 


Condensation of Benzil with Methyl Ethyl Ketone. 


C,H,:C—C(CH. 
Preparation of a-Methylanhydracetonebenzil, es re om 
645 


Rp aeacmrerememerms +S 
and B-Methylanhydracetonebenzil, a (OH): CH(CH os he 
645 3 


compounds are formed by the condensation of benzil with met 


ethyl ketone under the influence of potassium hydroxide. Wit 
alcoholic potassium hydroxide, the a-compound is almost the ® 
product ; with aqueous potassium hydroxide, the f-compound sligh 
predominates. 

In the preparation of the a-compound, 10 grams of finely powds 
benzil, 7 grams of methyl ethyl ketone, and 100 c.c. of aleoholit 
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per cent. potassium shydroxide (4 grams KOH to 1 litre of absolute 
alohol *) were introduced into a flask which was then corked and, 
after dissolving the benzil by shaking, allowed to stand. 
experiment was so arranged that the liquid nearly filled the flask and 
that the quantity of alcohol was just sufficient to dissolve the benzil. 
After standing at the ordinary temperature for 17 days, the liquid, 
from which nothing had been deposited, was poured into a large bulk 
of water ; this occasioned the separation of an oil, which speedily 
wlidified to a mass of almost white crystals of the a-compound. After 
a single crystallisation from hot alcohol, the substance was pure. It 
formed large, flat, lozenge-shaped crystals melting at 118°. It is 
readily soluble both in alcohol and in ether. 

Analysis of a-methylanhydracetonebenzil gave figures agreeing with 
the formula C,,H,,0, : 


01585 gave 0°4734 CO, and 0°0866 H,O. C=81:47; H=6-07. 
01402 ,, 04187 CO, ,, 0°0781 H,O. C=81-45; H=6-19, 
C,,H,,0, requires C= 81°82 ; H=6-06 per cent. 


The yield from the above quantities was 8 grams, and the alcoholic 
mother liquor gave a small amount—considerably less than a gram— 
of the isomeric 8-methylanhydracetonebenzil already obtained by Japp 
and Burton. 

In order to prepare #-methylanhydracetonebenzil in quantity, the 
method employed by Japp and Burton ((oc. cit.) was, with slight modi- 
fications, adopted. Forty grams of benzil, 25 grams of methyl ethyl 
ketone, and 30 c.c. of aqueous potassium hydroxide of 33°3 per cent. 
strength were introduced into a conical flask fitted with a condensing 
tube, the whole being placed on a metal plate over a water-bath and 
heated for 9 hours, shaking from time to time. The mixture, which 
had become brown, was poured into excess of hot water. The solidi- 
fied substance was ground, washed with water, and well extracted with 
wldether. The residue was dissolved in boiling alcohol ; on cooling, 
prismatic crystals of f-methylanhydracetonebenzil were deposited, 
ihich, after two or three recrystallisations, melted constantly at 180° 
11, Japp and Burton). The alcoholic mother liquor gave a small 
quantity of octahedral crystals melting at 157°, of a substance which 
Bisomeric with the two foregoing, and which we regard as desylene- 
uethyl ethyl ketone (v. infra). The ethereal extract gave a consider- 

ile quantity of a-methylanhydracetonebenzil (m. p. 118°). 

In the foregoing experiment, the quantity of a-compound obtained 


* Absolute aleohol should be used in these condersations. “Methylated spirit ” 
ohol “denatured” with crude wood spirit; compare Trans., 1897, 71, 297, 
note) must be avoided, as it contains acetone, which yields condensation com- 
inds of its own with benzil. 
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was 8°5 grams, and of 8-compound, 11 grams. Longer heating dimin- 
ished the proportion of the B-compound, and in addition, the resinous 
bye-products rendered the substances more difficult to purify. 

8-Methylanhydracetonebenzil has already been analysed by Japp 
and Burton. 

Molecular Weights of a- and B-Methylanhydracetonebenzil—The 
molecular weights of the two compounds were determined by Walker 
and Lumsden’s modification of Landsberger’s ebullioscopic method, 
using alcohol (constant = 1560) as a solvent. 


pa 
a-Methylanhydracetonebenzil, = 
Substance. Elevation. Volume. Mol. wt. wit 
0-908 0°32° 16°6 c.c. 267. ( 
° 0°24 22°4 ,, 263. ( 
C,,H,,0, = 264. 

< T 
B-Methylanhydracetonebenzil. fat 
0°896 0°292° 15°6 c.c. 308. atta 
. 0-210 222 ,, 300. A 
C,H, ,0, = 264. 7 é 
er 
The two substances are therefore isomeric. the ¢ 

, ., CgH,"O-C(CHs)>00 it h 
Benzylidene-a-methylanhydracetonebenzil, ae ( OH)—C—on-Om; i “ 
—Five grams of a-methylanhydracetonebenzil, 25 grams of benzalde- & ajoo), 
hyde, and 65 c.c. of alcoholic potassium hydroxide (0°5 per cent.) were B placia 
mixed, shaken until all had dissolved, and allowed to stand. Over- ing at 
night, tufts of needle-shaped crystals had formed ; after 4 days they Act 
were separated and recrystallised from hot glacial acetic acid, from & j_n,.;7 
which the substance was deposited in colourless, slender, rectangular & an.hoy, 
prisms melting at 225°. (Yield 3:6 grams.) employ 
01608 gave 0:5018 CO, and 0:0839 H,O. C=85:11; H=580. ff “lour 
C,,H, 0, requires C= 85-23 ; H=5°68 per cent. pm 

ne 
8-Methylanhydracetonebenzil, when subjected to the above treatment of glac 
for the same time, is quite unchanged. Its behaviour on long standing erystal 


with the mixture is mentioned in the introduction. 
Conversion of 8-Methylanhydracetonebenzil into Desylene-methyl Bil 
Ketone CoHgP-OH-OOrO Hs Phe best mode of effecting this tran 
’ O,H,°CO 
formation is by boiling B-methylanhydracetonebenzil with four time 
its weight of glacial acetic acid for 4 hours. The solution, on cool 
deposits needles or prisms of unchanged substance ; and from 
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mother liquor, octahedral crystals of the open-chain compound, melt - 
ing at 157°, may be obtained. 

The same compound is also slowly formed when finely powdered 
p-methylanhydracetonebenzil is allowed to stand for a month or more 
with alcoholic potassium hydroxide (0°5 KOH per cent.) insufficient to 
dissolve it. The transformation is incomplete, as the reaction is 
reversible (see introduction). 

The formation of the same compound was also observed in the pre- 
paration of B-methylanhydracetonebenzil (v. supra). 

Analysis of the octahedral crystals (m. p. 157°) showed that the 
substance, which we regard as desylene-methyl ethyl ketone, is isomeric 
with a- and 8-methylanhydracetonebenzil. 


0:1485 gave 04431 CO, and 00798 H,O. C=81:36; H=5-97. 
01629 ,, 0°4862 CO, ,, 00903 H,O, C=81°39; H=6°16. 
C,,H,,0, requires C = 81°82 ; H=6-06 per cent. 


The reason for regarding this compound as structurally different 
from the methylanhydracetonebenzils is that it is much more readily 
attacked by permanganate. 

A small quantity of the compound was heated in an exhausted tube 
for a short time at 330°. There was no sign of decomposition, and 
the melted substance began to distil and collect in the cooler part of 
the tube. On crystallising the product from alcohol, it was found that 
it had been re-converted into 8-methylanhydracetonebenzil (m. p. 180°). 

a-Methylanhydracetonebenzil is quite unchanged by contact with 
alcoholic potassium hydroxide of the above strength. Boiling with 
glacial acetic acid dehydrates it, yielding the compound, C,,0,,0,, melt- 
ing at 230° (v. infra). 

Action of Dehydrating Agents on a- and B-Methylanhydracetone- 
benzil—One gram of a-methylanhydracetonebenzil was boiled for half- 
an-hour with 5 c.c. of sulphuric acid diluted with 10 c.c. of water, 
employing a reflux condenser. From the product, which was very dark 
coloured, crystals melting at 230° were obtained. The following 
method yields the substance in a purer state. 

One gram of a-methylanhydracetonebenzil was boiled with 4 grams 
of glacial acetic acid for 4 hours. On cooling, the liquid deposited a 
crystalline compound which proved to be identical with that obtained 
by the action of hot dilute sulphuric acid. Recrystallised, first from 
glacial acetic acid and afterwards from amy] alcohol, it formed minute, 
very lustrous, oblique prisms or plates, melting, when rapidly heated, 
t 230°, with evolution of gas—doubtless carbon monoxide, to judge 
tom the analogy of the corresponding compound, O,,H,,0,, obtained 
tom anhydracetonebenzil (Japp and Burton, Trans., 1887, 51, 426). 
tis sparingly soluble in solvents of low boiling point. 

4a2 
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Analysis gave figures agreeing with those required for the formula 
Cag H,0.. 

0°1321 gave 0°4240 CO, and 00734 H,O. C=87:54; H=6:18, 

C,,H,,0, requires C=87°82 ; H=5-69 per cent. 

8-Methylanhydracetonebenzil is not altered by boiling with sulphuric 
acid of the foregoing strength, whilst a stronger acid chars it. Boil. 
ing it with acetic acid, and even heating with the acid in a sealed tube 
at 130°, gave only desylene-methyl ethyl ketone. Heating with 


> _ ss ee 


formic acid, however, converts it into the compound C,,H,,0,. h 

Four grams of §-methylanhydracetonebenzil and 16 grams of W 
concentrated formic acid were heated in a sealed tube at 130° for in 
4 hours. The products were a pasty solid and a violet coloured liquid, al 
The solid was dissolved in benzene, and light petroleum was added, di 
which precipitated resinous matter. The filtrate yielded lustrous ye 
crystals of the compound O,,H,,0,, which, after recrystallisation from in 
acetic acid, melted at 230° with evolution of gas. 

a- and £-Methylanhydracetonebenzil thus yield the same compound, ph 
C,,H,.,0,, by elimination of the elements of water. The reason for 7 
doubling the formula of this substance is given in the introduction. 

Reduction of a- and B-Methylanhydracetonebenzil with Hydriodic Acid: 

: , 0,H,°C-CH(CH, 
Formation of Methyldiphenyleyclopentenone, 0,H, | 00, and i 
‘adit C,H,°CH-CH(CH, ag spo 
1-Methyl-2 : 3-diphenyleyclopentane, C,H, eee Ten “a 
grams of a-methylanhydracetonebenzil were boiled with excess of fuming 20, 
hydriodic acid (sp. gr. 1°9) for 5 minutes. Excess of water was added, as ( 
and the solid substance, separated by filtration, was dissolved ip ether. and 
The ethereal solution was shaken with dilute sulphurous acid, then with ove! 
a solution of sodium carbonate, and dried with calcium chloride. On soli 
spontaneous evaporation, it gave crystals which, after repeated recrystal- of ¢ 
lisation from light petroleum, were obtained in the form of faint yellow, fron 
oblique, flat prisms or plates melting constantly at 77—78°. stan 

In another experiment, the residue which remained after expelling § tain 
the ether was distilled under reduced pressure. The crude product B of . 
passed over at about 200° under a pressure of 12 mm. This procedure B Way 
considerably facilitated the purification of the substance, but ws § the} 
attended with loss. The compound was finally crystallised from light 0° 
petroleum. It melted, as above, at 77—78°. 

Analysis gave figures agreeing with those required for a methyldt 
phenyleyclopentenone, C,,H,,0. - 

01936 gave 0°6179 CO, and 0°1146 H,O. C=87-04; H=6%8. scot 

01730 ,, 05524 C0, ,, 01013 H,O. C=8708; H=600. a 


C,,H,,0 requires C= 87-10; H=6-45 per cent. 
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@-Methylanhydracetonebenzil was then reduced in precisely the 
same way with hydriodic acid. It yielded the same methyldiphenyl- 
qelopentenone melting at 77—78°. A supersaturated solution of the 
compound thus prepared instantly crystallised on adding a little of the 
erystalline compound obtained from a-methylanhydracetonebenzil. 

Methyldiphenyleyclopentenone forms a phenylhydrazone, 


C,H, 0-CH(OH, 
C,H, C——CH 


In preparing this compound, 1 gram of methyldiphenyleyclopentenone 
was heated with 1 gram of phenylhydrazine and about 6 c.c. of alcohol 
ina sealed tube for 5 hours at 100°. Addition of dilute acetic acid 
and, subsequently, of water, caused the separation of an oil; this was 
dissolved in warm alcohol. The solution deposited clusters of minute, 
yellow prisms melting with decomposition at from 145° to 152° accord- 
ing to the rate of heating. It decomposes on recrystallisation. 

Analysis gave figures agreeing with those required for the foregoing 
phenylhydrazone. 


01181 gave 8°5 c.c. moist nitrogen at 13°5°and 757 mm. N=8°46. 
C,,H,.N, requires N = 8-28 per cent. 


O:N-NH OH. 


In order to carry the reduction further than the formation of 
methyldiphenyleyclopentenone, and to obtain, if possible, the corre- 
sponding cyclopentane derivative, 10 grams of a-methylanhydracetone- 
benzil were boiled with 150 grams of hydriodic acid (sp. gr. 1°7) and 
20 grams of red phosphorus for 5 hours. The product was worked up 
as described in the foregoing reduction experiments, removing iodine 
and then distilling under reduced pressure. A large fraction passed 
over between 160° and 200° under 20 mm. pressure; on standing, it 
solidified. On dissolving it in ether and adding methyl alcohol, tufts 
of colourless, slender needles separated ; after recrystallising twice 
from the same solvents, they melted constantly at 62—63°. The sub- 
stance was identical with the 1-methyl-2 : 3-diphenylcyclopentane ob- 
tained by Japp and Murray (Trans., 1897, '71, 153) by the reduction 
of a-anhydrobenzillevulic acid. A specimen prepared in the latter 
way at once started the crystallisation of a supersaturated solution of 
the present compound. 


01791 gave 0°5990 CO, and 0:1380 H,O. C=91:20; H=8'56. 
C,H,» requires C=91°52 ; H=8-48 per cent. 


Condensation of a-Methylanhydracetonebenzil with Benzil ; Formation 
of a-Methylanhydracetonedibenzil, CgHg0,—The fact that anhydr- 
acetonebenzil interacts with benzil in presence of dilute alcoholic 
Potassium hydroxide to form an aldol condensation compound, anhydr- 
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acetonedibenzil (Japp and Findlay, Trans., 1899, '75, 1025), led us to 
try whether a-methylanhydracetonebenzil would exhibit an analogous 
behaviour. 

In our first experiment, we used the very dilute alcoholic potassium 
hydroxide which had proved efficacious in the previous condensations, 
The reaction took place ; but as the product proved to be a potassium 
salt, and as there was not sufficient potassium hydroxide present to 
form this salt with the whole of the other interacting substances, we 
repeated the experiment, using a stronger solution of the hydroxide, 
and obtained a much better result. 

3°3 grams of a-methylanhydracetonebenzil and 2°5 grams of benuil 
were dissolved in 32 c.c, of alcoholic potassium hydroxide (2 grams of 
KOH to 100 c.c. of absolute alcohol). The solution was filtered into 
a small flask, which was corked up and the whole allowed to stand. 
(As the potassium salt cannot be recrystallised without decomposing it, 
it is necessary to obtain it pure at once.) After 4 days, there was a 
deposit of large, well-developed crystals ; these were separated, washed 
with cold alcohol, and air-dried by brief exposure on filter-paper. 
They effloresce on standing. The compound is a potassiwm salt of 
a-methylanhydracetonedibenzil, C,.H,,0,, and has the complex formula 
C,,H,,0,K,C,,.H,,0,,4C,H,;OH. Like the sodium salt of ethyl 
anhydrodibenzilacetoacetate (Japp and Lander, Trans., 1896, 69, 736), 
it is readily soluble in benzene and is totally decomposed by boiling 
with alcohol. , 

The potassium was determined in the ordinary way as sulphate ; the 
a-methylanhydracetonedibenzil by shaking a benzene solution of the 
salt with dilute hydrochloric acid, washing with water, and afterwards 
freeing from moisture and benzene, a process which could give only an 
approximate result ; and the alcohol of crystallisation by leaving the — 
substance in a vacuum desiccator over sulphuric acid for 6 weeks, 
heating being inadmissible. The potassium determinations were made 
with different preparations, 


0°5784 gave 0°0414 K,SO,, K=3-21. 
0°7854 ,, 00566 K,SO, K=3:23. 
270933 ,, 1°737 C,.H,.0,. C9H.,0, = 82°97. 
1:3482 lost, on drying, 0°2070. C,H,*OH = 15°35. 
CygHy,0,K C,H o404,4C,H gO requires K=3:33; C,H ,0,=8102; 
C,H,O =15°72 per cent. 


The sodium salt, which was not analysed, was obtained direct from 
benzil and methy! ethyl ketone. Ten grams of benzil and 6°8 grails 
of methyl ethyl ketone were added to 200 c.c. of absolute alcohol ia 
which 4°4 grams of sodium had previously been dissolved. There was 
a slight rise of temperature and the benzil went into solution. After 
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standing overnight in a corked flask, the liquid had deposited a large - 
quantity of needle-shaped crystals. ‘The substance was worked up 
for a-methylanhydracetonedibenzil after standing for 3 days. It was 
identical with a sodium salt which we obtained by condensing a-methyl- 
anhydracetonebenzil with benzil by means of an alcoholic solution of 
sodium ethoxide. 

In order to obtain free a-methylanhydracetonedibenzil, either the 
potassium or the sodium salt, prepared as already described, is washed 
with cold alcohol and dissolved in benzene in the cold. By adding 
glacial acetic acid until the solution has an acid reaction and then 
shaking with water, the alkali metal is removed. The a-methyl- 
anhydracetonedibenzil soon begins to separate in a crystalline form 
from the benzene solution ; it is purified by recrystallisation from boil- 
ing alcohol. Two kinds of crystals are obtained: from the hot alcoholic 
solution, small, hard warty crystals melting at 194°; from the cold 
solution, silky needles melting at 185°. The two forms may be readily 
changed one into the other, and neither contains solvent of crystallisa- 
tio. The same two forms are deposited from a benzene solution. 

On analysis, the substance gave figures agreeing with those required 
for the formula of a-methylanhydracetonedibenzil, C,.H,,0, Analysis I 
was made with the needles ; analysis II with the warty crystals. 


01488 gave 0°4396 CO, and 0:0748 H,O. C=8057; H=558. 
01472 ,, 04352 CO, ,, 0°0750 H,O. C=80°63; H=5°66. 
C,.H,,0, requires C= 81°01 ; H=5°48 per cent. 


Like its analogue, ethyl anhydrodibenzilacetoacetate, it is difficult 
to burn. 

As the composition of the potassium salt of a-methylanhydracetone- 
dibenzil might be taken as pointing to a molecular weight twice as 
great as that represented by the formula O©,,.H,,0,, an ebullioscopic 
determination of the molecular weight was made by the method already 
referred to, using alcohol (constant = 1560) as a solvent. 


a-Methylanhydracetonedibenzil. 


Substance. Elevation. Volume. Mol. wt. 
0613 0°13° 17°5 c.c. 420 
” 0°10 22°5 425 
C,H 5,0, = 474, 


This result decides in favour of the lower molecular weight. 

Ethylation of a-Methylanhydracetonedibenzil.—The fact that a hydro- 
gen atom in ethyl anhydrodibenzilacetoacetate may be replaced by 
ethyl by boiling the compound with alcohol containing a few drops of 
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sulphuric acid (Japp and Lander, Trans., 1896, 69, 738) led us to try 
the same experiment with a-methylanhydracetonedibenzil. 

Five grams of a-methylanhydracetonedibenzil, 100 c.c. of absolute 
alcohol, and 5 drops of concentrated sulphuric acid were boiled, using a 
reflux condenser. At first everything dissolved; but in a short time 
a separation of small crystals commenced, the amount of which gradu. 
ally increased. After 3 hours, the operation was interupted ; the 
crystals were separated and washed with alcohol. They formed very 
sparingly soluble, colourless, short needles, melting at 250°. 

Analysis showed that an ethyl derivative, C,.H,.(OC,H;)0,, had 
been formed. 


0°1643 gave 0°4883 CO, and 0°0895 H,O. C=81:09 ; H=6:05. 
C,,H,,O0, requires C= 81:27 ; H=5-98 per cent. 


Condensation of Benzil with other Ketones. 


The condensations remaining to be described were all carried out by 
the methods already given for the preparation of a- and f-methyl- 
anhydracetonebenzil, the condensing agent being either alcoholic 05 
per cent. potassium hydroxide (4 grams KOH to 1 litre of absolute 
alcohol) in the cold, or aqueous 33°3 per cent. potassium hydroxide at 
a temperature somewhat under 100° (see preparation of f-methyl- 
anhydracetonebenzil). Where two isomeric condensation compounds 
are formed, the former method generally gives, as already mentioned, 
the better yield of the compound of lower melting point. The separa- 
tion of the two isomerides was effected by fractional crystallisation 
from alcohol, occasionally preceded by extraction of the more soluble 


isomeride with ether. 

C,H,°C:C(CH,)*CO’C,H . 

a-Desylene-ethyl Ethyl Ketone, pm (CH) °° and af-Di- 
6+45 


. OoH;° C(CH, : 
methylanhydracetonebenzil, 0H, (OH)-CH(CH,)> 00 the ex 
periment in which alcoholic potassium hydroxide was used, the pro 
portions were: benzil, 10 grams; diethyl ketone, 7°5 grams ; alcoholic — 
potassium hydroxide (0°5 per cent.), 100 ¢.c., the whole being allowed 
to stand for a month. Crystals of af-dimethylanhydracetonebenal 
separated, but a great part remained in the mother liquor along with 
the more soluble a-desylene-ethyl ethyl ketone. The product was pre 
cipitated with water, and the crystalline precipitate resolved into its 
two constituents as already described in the precipitation of a-methy!- 
anhydracetonebenzil. ; 

In the experiment with aqueous potassium hydroxide, the following 
proportions were used: benzil, 40 grams; diethyl ketone, 30 grams; 
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aqueous potassium hydroxide (33°3 per cent.), 30 c.c. Time of heating 
%4 hours. (For mode of heating and of working up, see preparation 
of B-methylanhydracetonebenzil.) The products were the same as in 
the previous experiment, but the proportion of a#-dimethylanhydr- 
acetonebenzil was greater. The yield of this compound was 27 grams. 

ab-Dimethylanhydracetonebenzil crystallises from alcohol in colour- 
less, rhomboidal plates or prisms, melting at 150°, as described by 
Japp and Burton (Joe. cit.), by whom it was prepared and analysed. 

a-Desylene-ethyl ethyl ketone is deposited from alcohol in large, oblique, 
four-sided prisms melting at 128°. Analysis showed that it was 
isomeric with the preceding compound. 


01649 gave 0°4943 CO, and 0°0967 H,O. C=81:'75; H=6°52. 
01670 ,, 05012 C0, ,, 0:0988 H,O. C=81°85; H=6°57. 
C,,H,,0, requires C = 82-01 ; H=6°48 per cent. 


a-Desylene-ethyl ethyl ketone is much more readily attacked by per- 
manganate than af-dimethylanhydracetonebenzil, indicating that it is 
structurally different from, not merely stereoisomeric with, the latter 
compound. It is probably fumaroid a-desylene-ethyl ethyl ketone, as 
the maleoid form might be expected to undergo internal aldol conden- 
sation to aB-dimethylanhydracetonebenzil under;the influence of potass- 
ium hydroxide. This change, however, takes place under the influence 
of heat, A small quantity of a-desylene-ethyl ethyl ketone was heated 
in an atmosphere of carbon dioxide at 300—320° for 10 minutes. The 
fused mass, which had turned light brown, was dissolved in alcohol ; 
on seeding the solution with a trace of a8-dimethylanhydracetonebenzil, 
it began to crystallise and deposited the characteristic rhomboidal 
plates of that substance, melting at 149° (m. p. 150°). The trans- 
formation occurs as follows : 

C.H,.C:C(CH,)CO-CH,CH, _ 0,H, "0 C(CHs) a9 

C,H,-CO ~  ©,H,*C(OH)-CH(CH,) 

a-Desylene-ethyl ethyl ketone a8-Dimethylanhydracetonebenzil 
(m, p. 128°). (m. p. 150°). 


The former compound thus corresponds with desylene-methyl ethyl 
ketone, which under the influence of heat is converted into B-methyl- 
anhydracetonebenzil (v. supra). 

It may be noted that the transformation of a-desylene-ethyl ethyl 
ketone into a8-dimethylanhydracetonebenzil does not take place when 
the substance is heated in a vacuum, as under these circumstances it 
distils without change. 


BB-Dimethylanhydr J F 
ylanhydracetonebenzil, C,H,*C(OH)-C(CH, ae —Only 
the method with alcoholic potassium hydroxide was employed. The 


0,H,-C————cH 
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proportions were: benzil, 10 grams; methyl isopropyl ketone, 75 
grams ; alcoholic potassium hydroxide (0°5 per cent.), 125 cc. The 
reaction was allowed to go on at the ordinary temperature. Crystals 
of the new compound separated withina day. After standing for three 
days, the product was worked up in the usual way. It crystallised 
from alcohol in clusters of prisms, with pyramidal ends, or in plates, 
melting at 181°. Only this one substance was formed in the reaction, 

Analysis gave figures agreeing with the formula of B-dimethyl- 
anhydracetonebenzil. 

0°1789 gave 0°5358 CO, and 0°1059 H,O. C=81-68; H=658. 

01326 ,, 03968 CO, ,, 00810 H,O. C=8162; H=6:80, 

C,)H,,0, requires C= 82°01 ; H=6-48 per cent. 


“ That the compound is not an open-chain diketone follows from its 
high melting point.* That it is 8@-dimethylanhydracetonebenzil is 
shown by the product which it yields on oxidation. This will be 
described in a subsequent paper. 
. » CoHsC—C(C_H, 
a-Ethylanhydracetonebenzil, C,H,C(OH)- cH, and = B-Ethyl- 


; , OH,0—————— 0 
anhydracetonebenztl, O,H,C(OH)-CH( —a ee grams. of 
benzil, 30 grams of methyl n-propyl ketone, and 30 c.c. of aqueous 
33°3 per cent. potassium hydroxide were heated for 16 hours in the way 
already described. The product, precipitated with water, washed with 
ether, and recrystallised from alcohol, formed minute needles melting 
at 156°, and was identical with the B-ethylanhydracetonebenzil pre 
pared and analysed by Japp and Burton (loc. cit.). The ethereal 
extract. gave a more soluble substance which crystallised from alcohol 
in large prisms, sometimes obliquely truncated, sometimes with 
pyramidal ends, melting at 114°. This proved to be a-ethylanhydr- 
acetonebenzil. 

In a second experiment, 10 grams of benzil, 7°5 grams of methyl 
n-propyl ketone, and 125 c.c. of alcoholic potassium hydroxide (0% 
per cent.) were mixed and allowed to stand at the ordinary temperature 
for a month, although a shorter time would doubtless have sufficed 
The solution had turned brown. The same products were obtained a 
in the previous experiment, but the yield of the a-compound was 
better. 

Analysis of a-ethylanhydracetonebenzil (m. p. 114°) gave figures 
agreeing with those required for the formula C,).H,,0.. 
CyHs*CxCH*CO"C(CHS)s po yu 
0,H,"CO 
and methyl éert.butyl ketone (to be described in a later communication), melts & 
low as 115°. . 


* Thus a-benzoyl-8-trimethacetylstyrene, 
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0:1756 gave 0°5276 CO, and 01036 H,O. C=81:93; H=6°55. 
01644 ,, 04934 C0, ,, 00974 H,0O. C=81°85 ; H=6°58. 
O,,H,,0, requires C = 82°01 ; H=6°48 per cent. 
Benzylidene-a-ethylanhydracetonebenzil, ae ras oe: -O,H, ‘ 
—One gram of a-ethylanhydracetonebenzil (m. p.114°),0°5 gramof ‘tied 
aldehyde, and 12 c.c. of alcoholic potassium hydroxide (0°5 per cent.) 
were allowed to stand in a corked test-tube. As after 5 days nothing 
had separated, crystallisation was started by rubbing with a glass rod. 
The substance formed colourless needles. On heating, it showed signs 
of melting at 162—166°, but did not entirely melt until 178° was 
reached. 
0:1748 gave 05437 CO, and 00961 H,O. C=8484; H=6-10. 
C.,H,.0, requires C= 85:24; H=6-01 per cent. 


p-Ethylanhydracetonebenzil, treated in the same manner, showed no 
sign of interacting with benzaldehyde. 


C,H,*C———0O(CH;) 
abB-Trimethylanhydracetonebenzil, C, H, .((OH)-0(CH, © eae The 


condensation of benzil with ethyl ietmeel ketone did ast take place 
readily. The best result, although far from a satisfactory one, was 
obtained by employing as a condensing agent a solution of sodium 
ethoxide in absolute alcohol. 

Ten grams of benzil, 6 grams of ethyl isopropyl ketone, and 100 c.c 
of absolute alcohol, in which 1:6 grams of sodium had previously been 
dissolyed, were mixed and allowed to stand in a corked flask at the 
ordinary temperature for 2 months. A shorter time would probably 
have sufficed. The liquid turned dark, and there was a slight separa- 
tion of crystals. Water was added, the precipitated substance was 
washed with ether to remove benzil, and the residue was recrystallised 
from alcohol. From hot solutions it was deposited in colourless, 
prismatic needles, by spontaneous evaporation in prisms, melting at 
131°. The yield was less than a gram. 

Analysis gave figures agreeing with the formula C,,H,,0,. 


01566 gave 0:4721 CO, and 00993 H,O. C=8221; H=7-04. 
01721 ,, 05171 CO, ,, 0°1091 H, 0. C=81:°94; H=7°04. 
C,9H,,0, "requires C= 82°19 ; i- 6°85 per cent. 


The relatively low melting point might suggest that this is an open- 
chain compound. We therefore heated the substance for 10 minutes 
tt 300—320° in an atmosphere of carbon dioxide, but, beyond vola- 
tlising and condensing again in slender needles, it underwent no 
ange, We must therefore assume that it is, as above formulated, 
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aBB-trimethylanhydracetonebenzil, since all the open-chain compounds 
formed in these condensations are converted on heating into the 
isomeric closed chain derivatives. The question could be finally 
settled only by a study of the reactions of the compound, but the 
difficulty of obtaining the necessary ethyl isopropyl ketone, and the 
smallness of the yield of the condensation product, make this for the 
present impossible. ge 


. C.H,-C—O(C;H,) 
a-n-Propylanhydracetonebenzil, C,H,-C(OH): oH,7O and B-n-Pro. 


OHS00.—In the fis 


C,H,;° 


pylanhydracetonebenzil, C,H, -C(OH)-CH(0,H, 1! 
experiment, 40 grams of benzil, 34 grams of methyl n-butyl ketone, . 
and 30 c.c, of 33°3 per cent. aqueous potassium hydroxide were heated a 
for 34 hours. The process was carried out as in the preparation of j 
f&-methylanhydracetonebenzil. In working up the product, the ethereal Fi 
extract gave a substance which was deposited from ether in large, flat, bu 
obliquely truncated prisms, and from alcohol in six-sided plates, melt- fio 
ing at 89°. This proved to be a-n-propylanhydracetonebenzil. The 
sparingly soluble residue, recrystallised from alcohol, was deposited in ai 
clusters of slender prisms melting at 152°. This was 8-n-propylanhydr- 
acetonebenzil. It formed the chief product. The yield of purified 0 
_ fB-compound was 12-5 grams. 0 
In a second experiment, a mixture of 10 grams of benzil, 8°5 grams 
of methyl n-butyl ketone, and 125 c.c. of alcoholic potassium hydr- 
oxide (0°5 per cent.) was allowed to stand in a corked flask at the - 
ordinary temperature fora month. The products were the same asin the 
former case, but the yield of a-n-propylanhydracetonebenzil was better anky 
Analysis of a-n-propylanhydracetonebenzil (m. p. 89°) : a 
z 
01783 gave 0°5372 CO, and 0:1077 H,O. C=82°19; H=6°73, aque 
01813 ,, 0544000, ,, 0°1162H,O. C=81°83; H=712 » the 
Cy >H.,9, requires C= 82°19 ; H=6°85 per cent. after 
Analysis of 8-n-propylanhydracetonebenzil (m. p. 152°) : _ 
0-1836 gave 0°5530 OO, and 01121 H,O, C=8213; H=6"8. a 
01850 ,, 0557000, ,, 0°1151H,O. C=8212; H=600. of me 
C.9H,,0, requires C=82°19 ; H=6-85 per cent. ite 
H,-C0:0(C,H mont! 
Benzylidene-a-n-propylanhydracetonebenzil, ome: ‘ one a parth 
—Thecondensation of a-n-propylanhydracetonebenzil with benzaldehyte from 
was carried out as in the case of the other a-compounds, the reaction 1505 
taking place in this case also in the cold. The benzylidene derivative plates 
was deposited from its hot alcoholic ‘solution in clusters of smal = 


lamine melting at 166°. 


HOMOLOGUES OF ANHYDRACETONEBENZIL. 1041 


01591 gave 0°4970 CO, and 0:0930 H,O. C=85:19; H=6°49. 
C,,H,,0, requires C= 85°26 ; H=6°32 per cent. 


p-n-Propylanhydracetonebenzil did not interact with benzaldehyde. 

. ., CsH,,C———O(0,H, 
af-Diethylanhydracetonebenzil, C,H, -C (0H):CH (0,H,)7CO-—When 
benzil and dipropyl ketone were heated with aqueous potassium hydr- 
oxide, no condensation took place. The action of alcoholic potassium 

hydroxide in the cold, however, gave the desired result. 

A mixture of 10 grams of benzil, 10 grams of dipropyl ketone, and 
125 cc. of alcoholic potassium hydroxide (0°5 per cent.) was allowed 
to stand in a corked flask at the ordinary temperature for a month. 
On pouring the product into water, an oil separated which speedily 
became crystalline. By recrystallisation from alcohol, only one pro- 
duct could be obtained: plates of rhombic outline, striated parallel to 
the shorter diagonal, melting at 113—114°. It was not changed by 
heating for 10 minutes at 300—320° in an atmosphere of carbon 
dioxide, thus showing that it is not an open-chain compound. 

Analysis gave figures agreeing with those required for the formula 
of diethylanhydracetonebenzil. 


01453 gave 0°4379 CO, and 0:0943 HO, C=82:19; H=7-21. 
02047 ,, 06180 CO, ,, 01328 H,O. C=82°33; H=7-20. 
C,,H,.0, requires C = 82°35 ; H=7°19 per cent. 
. CgHs*C=C(C,H,;) 
an-Amylanhydracetonebenzil, 0,H,-C (OH): CH 
, OgH;°¢ CH. 
anhydracetonebenzil, O,H," (OH)-CH(0,H,,)> 00 Forty grams of 
benzil, 44 grams of methyl n-hexyl ketone, and 30 c.c. of 33°3 per cent. 
aqueous potassium hydroxide were heated for 15 hours as described under 
the preparation of 8-methylanhydracetonebenzil, the product being 
afterwards worked up in the usual way. Only B-amylanhydracetone- 
benzid—slender, silky needles melting at 150-5°, described and analysed 
by Japp and Burton—was obtained. 

In a second experiment, a mixture of 10 grams of benzil, 11 grams 
of methyl n-hexyl ketone, and 125 c.c. of alcoholic potassium hydr- 
oxide (0°5 per cent.) was allowed to stand in a corked flask for a 
month. On pouring into water, the product which separated was 
partly crystalline, partly oily. The solid portion, after crystallisation 
from alcohol, yielded needles of B-amylanhydracetonebenzil melting at 
150°. The oil, on long standing, also gave crystals—large, six-sided 
plates—which after recrystallising twice from light petroleum melted 
constantly at 57°, and proved to be the isomeric a-amylanhydracetone- 
| beneid, The yield of the latter compound is fairly good. 


7 and B-n-amyl- 
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Analysis of a-amylanhydracetonebenzil (m. p. 57°) : 

0°1763 gave 05338 CO, and 0°1210 H,O. C=82°56; H=7-63, 

01678 ,, 05067 CO, ,, 01142 H,O. C=82°35; H=7-56, 
C..H,,0, requires C = 82°50; H=7-50 per cent. 


. i et Pa 
Benzylidene-a-amylanhydracetonebenzit, O,H,"C(OH)—C=CH-0,8, 


—This compound was prepared like the other benzylidene derivatives 
of a-compounds. It is deposited from its solution in boiling alcohol in 
colourless needles melting at 156°. 


0°1595 gave 0°4985 CO, and 01011 H,O. C=85-21; H=7-04. 
C,,H,,0, requires C= 85:29 ; H=6°86 per cent. 


f-Amylanhydracetonebenzil does not interact with benzaldehyde. 

One of us is at present engaged, conjointly with Mr. Arthur 0, 
Michie, in studying the products of the oxidation of the various methyl 
homologues of anhydracetonebenzil. 


‘The foregoing two papers form a continuation of a general investi- 
gation of the reactions of ketonic compounds (compare Trans., 1897, 
71, 123), and the expenses incidental to the work have for some years 
past been in part defrayed by various allotments from the Government 
Grant Fund of the Royal Society. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF ABERDEEN, 


CIX.—The Direct Union of Carbon and Hydrogen. 
Part II. 


By Wititam A. Bonk and Davin 8. JERDAN. 


In a previous paper on the subject (Trans., '71, 1897, 41) we showed 
that carbon and hydrogen combine at 1200° forming a saturated hydro 
carbon ; and further, that when the electric arc is passed between | 
carbon terminals in an atmosphere of hydrogen, a saturated hydro 
carbon is produced in addition to acetylene, the formation of each com 
tinuing until a definite equilibrium between the hydrocarbons, hydro 
gen, and carbon vapour is established. It was also shown that the 
same condition of equilibrium is attained when the arc is passed for 
some time in an atmosphere of either acetylene or methane under 
similar conditions. 
We had not, however, separated the saturated hydrocarbon, 0 
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hydrocarbons, formed at 1200°, or in the arc, from the large excess of 
hydrogen always present in the gases obtained in the various experi- 
ments, consequently we were unable to produce any experimental 
evidence as to either the number or character of the saturated hydro- 
carbons formed in either case. In absence of any such evidence, we 
provisionally assumed that the gases under examination contained no 
saturated hydrocarbon other than methane, and interpreted our analy- 
tical results accordingly. 

We felt at the time that,.so long as this question remained unsettled, 
the investigation of the subject could not be considered complete ; 
circumstances, however, for a long time prevented our continuing the 
research, but during the past three years we have been continuously 
working on this and other points arising out of the earlier experiments. 
The present communication contains an account of a series of experi- 
ments which complete that part of our inquiry which refers to the 
character of the saturated hydrocarbons produced by the direct com- 
bination of their elements at 1200°, and in the are, and the successful 
solution of this problem has proved a very tedious and difficult 
matter. 

In order to avoid undue repetition of experimental details, we must 
refer the reader to the account given in our previous paper of the 
methods employed for the purification of the carbon and hydrogen 
required for the research, and also to the diagrams and explanations 
contained therein of the apparatus used both for the tube experiments 
at 1200° and for the arc experiments. Practically the same arrange. 
ments, with certain minor improvements which further experience 
suggested, were adopted for the experiments recorded in this paper. 

The gas obtained by the interaction of carbon and hydrogen at 
1200°, or in the arc, contained, in addition to small amounts of hydro- 
carbon, a relatively very large volume of hydrogen, as well as a small 
percentage of nitrogen. The latter was unavoidably introduced with 
the original hydrogen employed, and to some extent also during the 
course of the experiment. Obviously, therefore, the only feasible 
method of identifying the saturated hydrocarbon, or hydrocarbons, in 
such a mixture, was to remove first of all any unsaturated hydro- 
carbon present (for example, acetylene in the case of the arc gases), 
and afterwards the free hydrogen by means of palladium. There 
would then remain a mixture of the saturated hydrocarbon, or hydro- 
carbons, and nitrogen ; an analysis of this mixture by explosion with 
excess of oxygen would reveal whether it contained one hydrocarbon 
only, or a mixture of hydrocarbons. If the evidence so obtained 
pointed to the former alternative, as it was found to do in the case of 
the gas from the experiments at 1200°, the analytical results would 
also indicate the nature of the hydrocarbon. If, on the other hand, 
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as in the case of the arc gases, the latter alternative were indicated, 
further investigation would be necessary. 

After submitting the gases under investigation to the series of 
operations indicated in the preceding paragraph, we were able to show 
that methane is the only hydrocarbon formed from its elements at 
1200°, and that the saturated hydrocarbons produced in the are con- 
sist of a mixture of methane with another (or possibly others) of its 
homologues. The methods employed for the identification of this 
other saturated hydrocarbon will be fully, explained later, at present 
it will be sufficient if we state that it ultimately proved to be ethane, 


A. Examination of the Gas obtained by the action of Hydrogen on Solid 
Carbon in the Tube Eaperiments at 1200°. 


Analyses published in the previous paper (pp. 49—51) had shown 
that the gases from the tube experiments contained no unsaturated 
hydrocarbon. It was therefore only necessary in this case to remove 

_the diluting hydrogen in order to obtain the saturated hydrocarbon 
mixed with nitrogen only, This was accomplished by means of 
palladium black. 

Three different experiments were performed in which hydrogen, free 
from hydrocarbons, was passed over pure carbon heated to 1200° in the 
jacketed porcelain tube described in the previous paper (pp. 46—51); 
a current of pure hydrogen was maintained through the jacket 
throughout each experiment. About 3 litres of the issuing gas were 
collected in each case in a glass holder over strong sulphuric acid. 

The holder, A, was attached to the palladium absorption apparatus as 
shown in Fig. 1 (p. 1045). The central portion of the apparatus consisted 
of a series of three glass bulbs, B, each of about 50 c.c. capacity, con- 
taining some 10 grams of freshly reduced palladium black, previously 
heated to redness in a vacuum. The tube leading from the bulbs was 
at one end twice bent at right angles, and sealed to a glass capillary 
tap, a, on the other side of which was a T joint, 6, the latter serving to 
connect the bulbs through its vertical branch with the gas holder, 4, ~ 
and through its horizontal branch with the laboratory vessel, C, stand- 
ing over mercury in a wooden trough, D. The tube leading from the | 
other end of the bulbs after being bent at right angles was sealed to 
the glass capillary tap, c, through which a connection was made by 
means of a glass capillary tube with a manometer, Z, standing over 
mercury in the same glass reservoir as the barometer, F, and also with 
the Sprengel pump, H, by means of which any gas in B could be drawn 
off and collected in tubes over mercury in the trough, X. The absorp 
tion bulbs, B, were immersed in a rectangular tin trough, Z, containing 
water, so that they could be maintained at any temperature between 
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that of the room and 100°, as circumstances required. There were only 
two rubber joints in the whole apparatus, namely, those connecting 
the holder, A, and the laboratory vessel, C, with the branches of the T 
piece leading to the tap, A, of the absorption apparatus. These two 
joints were made of stout pump tubing firmly wired at either end to 
the glass tubes which they served to connect. : 
At the outset of an experiment, the taps, a and ¢, of the absorption 
bulbs and e, of the laboratory vessel, (, were opened and the whole 
apparatus, with the exception of the holder, A, was thoroughly ex 


Fia. 1. 


The palladium absorption apparatus. 


hausted by means of the Sprengel pump, H. The tap e was then 
closed, the pump stopped, and by opening tap d of the gas holder, A, a 
quantity of the gas under examination was drawn over into B, until 
the level of the mercury in the manometer, Z, had fallen within a few 
mm. of that in the vessel, G. The taps d and a were then closed, 
and the progress of the absorption of the hydrogen by the palladium in 
B could be followed by observing from time to time the mercury level 
m£, In about 20 minutes, the absorption had ceased, and the 
esidual gas was drawn off by the Sprengel pump into tubes standing 
over mercury in the trough, X, 
VOL. LXXxIx, 4B 
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The water in the bath, Z, was now heated to the boiling point, when 
much of the gas absorbed by the palladium during the previous opers- 
tion was liberated and drawn off through the pump. Finally, the 
bulbs were exhausted at 100° and cooled to the ordinary temperature 
to be ready for the next absorption. These processes were repeated 
until the whole of the gas in A, usually about 3 litres, had been passed 
through the absorption bulbs and reduced to about 400—500 c.c., (first 
residue), This first residue was then introduced in three or four por. 
tions into the laboratory vessel, C’, and subjected- to a second concentra. 
tion in the same manner as before, when its volume was usually reduced 
to about 120—150 c.c. (second residue). This gas still contained 
hydrogen, and, indeed, it is impossible to eliminate all the hydrogen 
from such a mixture of gases by a process of absorption with palladium, 
as the hydrogen in palladium hydride has an appreciable vapour pres- 
sure, even at the ordinary temperature. The last traces must be 
oxidised and removed as water by contact with “ oxidised” palladium. 

After this second concentration, therefore, the absorption bulbs 
were detached from the apparatus, the palladium black taken out and 
heated to dull redness in a hard glass tube attached to a Sprengel 
pump until as much as possible of the occluded hydrogen had been 
removed. The pump was then detached, and the palladium maintained 
at a red heat in a gentle current of air until it had acquired the 
characteristic dark blue oxidation tint. The ‘oxidised ” palladium, 
after being cooled, was transferred again to the absorption bulls, 
which were then sealed on to the apparatus, and the whole exhausted as 
before. The residual gas from the second concentration was intr- 
duced into C, and drawn over into the bulbs by momentarily opening 
tapse anda. The water in the bath, Z, was heated to the boiling 
point, and the gas allowed to remain in the bulbs at this temperature 
for 20 minutes or half an hour, after which the bulbs were allowed t 
cool, and the residual gas was drawn off through the pump into tubes 
standing over mercury and each containing a small piece of solid caustic 
potash. The residual gas so obtained from each of the three differen 
experiments was analysed by exploding a measured volume of it wi 
excess of oxygen, in some cases diluted with air free from carb 
dioxide, and determining (1) the ‘contraction’ (C) on explosion; (1 
the ‘ absorption ’ (A) which occurred when the products of explosi 
were treated with potassium hydroxide, and (3) the oxygen (Z) w 
up in the explosion.* 


* All gas analyses involved in this research were carried out by means of an im 
proved form of McLeod apparatus designed by one of us, and described at 8 
meeting of the Society (Proc., 1898, 14, 154) ; we have found that this apparitt 
especially adapted to the accurate analysis of hydrocarbon mixtures. The ‘0! 
quoted in the text are deduced from the tensions of the moist gases in mm 
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The results are tabulated as follows : 


Experiment, 


(ii) 
Volume of gas taken 136°0 
oxygen added 389°0 

» _ air added nil 
Volume after explosion , 406°8 
treatment with KOH.. 346°0 
treatment with alkaline 
178°0 
118°2 
60°8 
121°0 


1°94 
1°0 0°98 


There can be no doubt that the hydrocarbon in these mixtures was 
in each case methane and methane only, for 
Methane requires C/A 2-0 and C/X 1:00. 
Ethane is 1°25 ,, 0°71. 
Propane is 1:00 ,, 0°60, 


B. Examination of the Gas obtained in the Arc Experiments. 


Our earlier experiments had shown that, in addition to acetylene, 
sturated hydrocarbons are formed by the direct union of carbon and 
hydrogen at the temperature of the electric arc. It was necessary to 
ensure the complete removal of this acetylene and any other unsatur- 
ated hydrocarbons, as well as of the hydrogen, before attempting to 
identify the residual saturated hydrocarbon. 

Asa fairly large volume of this residual gas was ultimately required, 
and as it was desirable to determine whether the character and compo- 
tition of the saturated hydrocarbon in any way depended upon the 
time during which the arc was maintained, the gas obtained in 
fire different experiments was investigated. Each experiment was 
cried out in the arc apparatus as described in our previous paper (pp. 
i257), except that no samples of gas were collected during the time 
the are was being passed, which varied from 10 minutes to an hour in 
the different experiments. 

As soon as the are apparatus, A, had cooled, the products were drawn 
if by means of the Sprengel pump, B (see Fig. 2, p. 1048), and sent 
uetcury when brought to a certain constant volume, at a constant temperature, 


Mthe measuring vessel of the instrument, the ‘ vacuum’ in the -barometer being 
limys kept saturated with water vapour, 
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forward by means of a special device under a pressure of 2—3. mm, of 
mercury into the glass gas holder, C’, previously filled with an ammoniacal 
solution of cuprous chloride, The solution so displaced was allowed to 
run away through the glass tap, D, into a large Winchester quart bottle, 
The device for drawing off the gas from A through the pump and 
sending it forward under pressure to C,, consisted in immersing the 
delivery tube of the Sprengel in a large test-tube, Z, three-quarters 
full of mercury, to which a side tube, F, had been fused. Over this 
delivery tube was fixed the funnel-shaped end of a vertical glass tube, 
G, the other end of which was attached to the tube leading into the 
holder, C. The mercury flowing over from the pump ran off through 
the side tube, F, into the bottle, H. The capacity of the gas holder, (, 


Fig. 2, 


SOOO IO en 


RO 


was about half as large again as that of the globe of the arc apparatus, 
so that after the products had been all collected in C, it still remained 
about one-third full of the ammoniacal cuprous chloride solution. ‘The 
gas was allowed to remain in C for at least two days, to ensure the 
complete absorption of acetylene and any trace of carbon monoxitl, 
and was then transferred to another similar gas holder, previously 
filled with strong sulphuric acid, over which it was allowed to stand for 
other three or four days. The gas could now only consist of hydroges 
saturated hydrocarbons, and any nitrogen originally contained in t 
hydrogen. The gas holder was therefore attached to the palladium 
absorption apparatus for the removal of hydrogen, and treated a8 ™# 
the gas from the tube experiment (see p. 1044). 
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The residual mixture of hydrocarbons and nitrogen was analysed 
by mixing a measured volume of it with excess of oxygen, diluted in 
some cases with air free from carbon dioxide and measuring (1) the 
contraction, C, on explosion ; (2) the absorption, A, which occurred 
when the products were treated with caustic potash. In certain cases, 
the oxygen used in the combustion of the hydrocarbons was also 
determined. 

(1) Blank Eaperiment.—In order to test the purity of the hydrogen 
used in these experiments and the validity of the method employed, a 
blank experiment was performed in which hydrogen prepared and 
porified as described in our previous paper (p. 45) was passed into 
the are apparatus, and without the arc having been formed, was ‘then 
transferred by means of the Sprengel pump, B (Fig. 2), to the holder 
containing the ammoniacal cuprous chloride solution. From thence it 
was passed into a holder containing strong sulphuric acid, and after- 
wards subjected to the action of palladium in the absorption bulbs. The 
only differences between this blank and a real are experiment were 
as follows. (1) A small quantity of nitrogen was allowed to mix 
with the hydrogen before it passed into the arc apparatus, in order 
that there might be a measurable residue for analysis after hydrogen 
had been removed in the final stages. (2) The arc was not formed, 
and (3) the final treatment of the gas with “ oxidised” palladium 
at 100° was omitted. 

As nearly as possible 2 litres of hydrogen were passed into the 
globe of the arc apparatus; after two “concentrations” in the 
palladium absorption apparatus it was reduced to about 80 c.c. 

This residue was exploded in the gas analysis apparatus with 
measured volumes of pure hydrogen prepared by the electrolysis of 
water, and subsequently purified by means of palladium, and of air 
free from carbon dioxide. The products of explosion were afterwards 
treated with caustic potash, when a very slight absorption occurred. 
The details of the analysis are as follows : 
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Volume of residual gas taken 
” hydrogen added 
” air ” 
» after explosion 
» after treatment with KOH 
Contraction, C=86-7. Absorption, A =0°3, 

Assuming that this small absorption was due to carbon: dioxide 
formed by the combustion of methane originally present in the 2 litres 
ot hydrogen used, it follows that this impurity did not exceed 0015 
per cent. by volume. We may therefore assume that the hydrogen used 
or the experiments recorded in this paper was practically free from 
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hydrocarbon impurity. Further, since the observed contraction is very 
little more than the sum of the contraction required by the hydrogen 
added (85-7) and the methane (0°6) present, this blank experiment 
indicates that practically the whole of the original hydrogen used had 
been removed by the palladium black. It was, however, deemed 
advisable not to omit the final treatment with “ oxidised ” palladium 
in the actual experiments. 

(2) Actwal Hecperiments.—The arc apparatus was in each case about 
two-thirds filled with hydrogen (about 2 litres), and the arc (voltage= 
160) maintained for a period varying from 10 minutes to an hour in 
the different experiments. After removal of acetylene and hydrogen 
in the manner already described, the residual gas was analysed by 
explosion with excess of oxygen in the usual manner. 

The details of each experiment, and the analytical results are given 
in the following table : 


Experiment. 


Time during which arc was main- 
tained 10 mins. 80 mins.| 1 hour 
Volume of residual gas after removal 
of acetylene and hydrogen 40 c.c. | 60 c.c. | 60 c.c. 
Volume of residual gas after de- 
ducting nitrogen 35 ¢.c. B4c.c. | 50 ce. 


Volume of gas taken 60°9 55°7 62°7 
a oxygen added 510°9 443°3 528°4 
Volume after explosion 456°2 388°0 | 476°6 
ma treatment with KOH..| 382°9 318°0 | 4052 
Contraction (C) 115°6 ‘ 111°0 | 1145 
Absorption (A) 73°3 - 70°0 71°4 


SE eT eT, 1°58 | 1°62 


* The large amount of nitrogen in this residual gas was due to an accidental in- 
leakage of air during the final absorption of hydrogen by means of oxidised 
palladium. 


These experiments prove beyond all possible doubt that hydrocarbons 
of the methane series are produced when the electric arc is made betwee 
carbon terminals in an atmosphere of hydrogen. The actual quantity 
of these saturated hydrocarbons so formed is to some extent dependent 
upon the time during which the arc is maintained, attaining # maximum 
as our earlier experiments showed, after about half an hour, and after 
wards remaining fairly constant (see also previous paper, pp 57—8) 
Further, it is a remarkable fact that the ratio C/A found on ex 
the residual saturated hydrocarbons with excess of oxygen 15 Pp’ ! 
constant (1°6) and independent of the time during which the arc # 
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maintained. It may therefore be concluded that whatever may be 
the number and composition of the saturated hydrocarbons obtained 
ina given experiment they are formed simultaneously, and at equal 
rates throughout. 

The experiments indicate, moreover, that methane is one of the 
saturated hydrocarbons as the ratio C/A =1°6 could only be given by 
a mixture of saturated hydrocarbons containing methane (p. 1047). 

The analytical numbers, however, afford no clue as to either the 
character or the number of the other saturated hydrocarbons. For 
example, the results obtained in the case of the residual gas from ex- 
periment I would be given by any one of the following mixtures : 

(8). 
CH, ... 75:1 per cent. 


or, indeed, by an unlimited number of other mixtures of nitrogen 
methane, and one or more other saturated hydrocarbons. Further, 
since the densities of all such possible mixtures are identical, it was 
not possible to distinguish between the various interpretations of the 
chemical analysis by means of a density determination. With the 
view, however, simply of checking the chemical analysis, the density of 
the residual gas obtained in experiment II, referred to hydrogen, was 
determined ; it was found to be 11°7 instead of 11°4 as calculated from 
the analysis, 


C. Diffusion Haperiments with the Residual Gas from the Arc 
Experiments. 


It was now necessary to obtain some evidence as to the character of 
the saturated hydrocarbons other than methane formed in the arc ex- 
periments. It seemed probable that one or other, if not both, of two 
methods would enable us to settle the question. The first method 
consisted in subjecting some of the residual gas from the arc experi- 
ments to a slow process of diffusion through porous clay tubes many 
times repeated, and comparing its behaviour with that of artificial 
mixtures of methane and nitrogen with other saturated hydrocarbons 
(ethane, propane, &c.) giving the same analytical results. The other 
method, which the kindness of Professor Ramsay enabled us to carry 
out, consisted in liquefying the hydrocarbons in the residual gas from 


* Results for nitrogen given in this paper are all calculated ‘ by difference.’ 
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the arc experiments, and subsequently fractionally distilling the liquid, 
For the purpose of the diffusion experiments, we mixed together 


30 c.c. of residual gas from experiment _I. 
45 - a III. 
45 » ” IV. 


Total 120 c.c. 


The percentage composition of this mixture, according to analysis, is 
shown below, supposing that there are only two saturated hydrocarbons 
present, and that the second is (1) ethane, (2) propane, and (3) butane, 

(1). (2). (3). 
543 CH, ... 70°77 OCH, ... 76:2 per cent. 
328 O,H,... 164 O,H,... 109  ,, 


The relative ratio at which the constituents of such mixtures would 
diffuse through a porous plug can, of course, be calculated from their 
densities and partial pressures; taking the rate for the methane in 
each case as unit, the rates for the other constituents are as follows: 


Propane 
0°074 
Nitrogen 0°18 0°133 0-128 


Diffusion Apparatus (see Fig. 3, p. 1053).—This consisted of four glass 
gas wash-bottles, A, B, C, D, arranged in series, as shown in the dis- 
gram. The central wide glass tube, which fitted into the neck of each 
bottle by a ground glass joint, was drawn out in the blow-pipe flame 
and then cut off about an inch below the joint. To it was attached s 
piece of clay pipe stem about 3—4 inches long, closed at the bottom in 
the oxyhydrogen flame. The four bottles were connected by fused 
glass joints, and between each pair was inserted a glass T joint ter 
minating in a glass stopcock (b, c,d). The bottle, A, was connected 
by means of fused glass joints through a similar T piece with the 
laboratory vessel, Z, standing in a wooden trough over mercury. The 
fourth bottle, D, was connected also by means of fused glass joints 
with a T piece leading through its vertical branch to the manometel, 
M, and through its horizontal branch to the Sprengel pump, G. His 
a barometer standing in the same mercury reservoir, X, and at 
to the same millimetre scale as the manometer, /. 

The vertical branches of the T pieces between the bottles, and be- 
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tween A and 2, were continued downwards beyond the stopcocks, 
a,b,c, d, through joints made of stout india-rubber pump tubing* 
toa horizontal glass tube, PP, which led to a second Sprengel pump 
‘not shown in the diagram), with its barometer and manometer. This 
second Sprengel pump served to exhaust the apparatus at the outset 
of a diffusion experiment, and at the finish to collect the last fraction. 
All other fractions were drawn off through the first Sprengel, G, and 
cillected in tubes, J, standing in the trough, J. 

At the outset of an experiment, the whole apparatus was exhausted 
by opening all the stop-cocks, a, 6, c,d, e, and f, leading to the two 
pumps. As soon as the laburatory vessel, #, was full of mercury, the 
stopcock, ¢, was shut. Finally, when the exhaustion was complete, 


Fie. 3. 


The diffusion apparatus. 


stopeocks, a, b, c, and d, leading to the second pump, were closed. The 
apparatus was now allowed to stand for 24 hours, to see whether the 
ground glass joints at the top of the four diffusion bottles, A, B, C, 
and D, were quite air-tight. It was found possible to make them so 
by pouring melted paraffin wax over the outer surface of each joint 
when the apparatus was exhausted. 

The gas to be diffused was introduced into the laboratory vessel, Z, 
and then by opening the stopcock, e, it was drawn over into the first 
diffusion bottle, A. The diffusion process at once began, and the various 


ioe the exception of these four joints, which were shut off from the bottles 
2 Uughout the diffusion operations, and the four ground glass joints of the bottles, 
other joints in the apparatus were of fused glass. 
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fractions, excepting only the final fraction, were collected through 
the first Sprengel pump, G. Finally, the stopcocks a, b, c, d were 
opened, and the residual gas, that is, the last fraction, was drawn off 
through the second Sprengel pump. It will therefore be clear that 
in each diffusion operation the gas passed through four porous plugs, 
The amount of gas taken for each “ fractionation” varied within very 
wide limits. Usually, it amounted to between 25 and 120 c.c,, and 
the time required for each operation varied from 9—18 hours, being 
shorter the larger the amount of gas involved. 

Diffusion of a Mixture of equal Volumes of Methane and Oxygen in the 
Apparatus.—To obtain some idea of the efficiency of the apparatus, 
100 c.c. of a mixture of equal volumes of methane and oxygen (oxygen 
has nearly the same density as ethane, which is, next to methane, the 
lightest saturated hydrocarbon) were slowly fractionated. Four 
nearly equal fractions were collected, and the oxygen in each deter- 
mined. 


Oxygen in original gas ............s0000 50°0 per cent. 
te ee a oe ee} in 
i Senabiods FN ssi ai Sika cdesasice 52°0 i 
a fraction TTT  ......iscesececess 58°5 ma 
ie frastiem FW... ccscocedessece 59-0 is 


Twenty c.c. of fraction I were rediffused, and the first 5 c.c. col- 
lected and analysed. It contained 30 per cent. of oxygen. 

Scheme of Diffusion Eaperiments with Arc Gases.—One hundred 
and twenty c.c. of the are gases were introduced into the diffusion 
apparatus as already described, allowed to diffuse, and collected in 
four fractions, as follows : 


Fraction A = 30 ac. Fraction C = 40 cc. 
s B = 30 5 D = 20 

Fraction C was then rediffused, the first 5 c.c. collected were 
added to A, the next 13 cc. to B, and the residual gas collected 
separately. (Fraction C’.) 

Fraction B was then rediffused. The first 15 c.c. were added to 
A, the next 14 c.c. to C’, and the residue to D. 

At this stage, therefore, we had 


Fraction A=50c.c. Fraction O'=36 cc. Fraction D=34 c¢. 
Fraction A was diffused, and collected in two fractions. 
Fraction A’ = 25 c.c. Fraction A” = 25 cc. 


Fraction A’ was finally diffused and collected in three approx: 
mately equal fractions, a, b, and ¢. 


sion 
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Praction D was diffused, and collected in two fractions. 
Fraction D’ = 10 cc, Fraction D” = 24 c.c. 


Fraction D” was finally diffused and collected in three approxi- 
mately equal fractions, ~, y, and 2. 

The fractions a and 2 were analysed by exploding a measured 
volume of each with an excess of oxygen, and determining (1) the 
contraction, C, and (2) the absorption, A, as in previous analyses of 
the arc gases. 


Fraction a. Fraction z. 
Volume of gas taken .............seseee0e 53°5 81:9 
- oxygen added .............+ 452°0 450°95 
- after explosion ......... .... 405°8 380°1 
s » treatment with KOH 349°2 275°9 
Contraction (C) ...... Aagedeiesend 99°7 152°75 
Absorption (A) ......6c.e0eeeeee 56°6 104°2 
PRO TEM « - nvcesececse cesses scenes 1-76 1°46 


The composition of the fractions, assuming that the second hydro- 
carbon is (1) ethane, (2) propane, must be as follows : 


Fraction a. Fraction z. 
(1) (2) (1) (2) 
CH, = 72:0 CH, = 806 | CH, = 366 CH, = 593 
C,H, = 16°8 C,H, = 84] C,H, = 453 C,H, = 22°6 
2 = 11:2 N, =110;N, = 181 N, = 181 
Methane ,. Methane ,.. |Methane_o. Methane __o, 
Ethane aie Propane =O: | iikane — Propane Fa 


The ratios of the two hydrocarbons are important in view of the re- 
sult of the two following experiments, in which artificial mixtures 
were diffused. | 

Diffusion of a Mixture of Methane, Ethane, and Nitrogen.—A mix- 
ture of methane, ethane, and nitrogen was prepared as nearly as 
possible of the same composition as that of the residual gas from the 
are experiments, assuming that the second hydrocarbon was ethane. 

The methane* employed was prepared by the action of a mercury- 
aluminium couple on a mixture of methyl iodide and methyl alcohol, 
and in order to remove any traces of hydrogen it might contain, the 
ga8 Was passed over oxidised palladium sponge heated at 100°. 

The ethane* used was prepared by decomposing zinc ethyl with 


* The purity of both the methane and ethane (as well as of the propane used in 
the next experiment) was in each case proved by a careful analysis (explosion 
method), the details of which it is not necessary to record. The ratio C/A for the 
methane was found to be 2-0, and for the ethane 1-254. . 


1056 BONE AND JERDAN: THE’ DIRECT UNION OF 


water, and the nitrogen by passing a slow current of air over red-hot 
copper turnings until the whole of the oxygen had been removed. 

The gases were then mixed in a small graduated holder over mer- 
cury. On analysis, the mixture was found to have the following per- 
centage composition : 

Methane = 51°77 ; ethane = 33'15.; nitrogen (by difference) = 15:18, 
with ratio C/A =1°575. 

One hundred and twenty c.c. of this mixture were subjected toa 
precisely similar series of fractional diffusions as have been described 
in the case of the residual gas from the arc experiments, and finally 
the fractions a and z so obtained were analysed, with the following 


results : 
Fraction a. Fraction z. 


Volume of gas taken 49°2 45:0 
- oxygen added 48395 440-0 
Volume after explosion 445-4 407°2 
Fa treatment with KOH......... 395°9 3543 
Contraction (C) 87°75 = 178 
Absorption (A) 49°5 52°9 
Ratio C/A 1:77 1°47 


The behaviour of the mixture of methane, ethane, and nitrogen 
when subjected to the process of fractional diffusion was similar to 
that of the residual gas from the arc experiment. The percentage 
composition of the two fractions a and z were therefore : 


° 2. 
Methane ° 34:7 
Ethane Y 41°5 
Nitrogen (by difference) . 25°8 
Ratio Methane 0-835 
Ethane 


Diffusion of a Mixtwre of Methane, Propane, and Nitrogen.—The 
propane used in this experiment was prepared by the action of sodium 
amalgam on a solution of isopropyl iodide in ethyl alcohol ; analysis 
showed it to be pure (ratio C/A =0°997). The three gases were mixed 
in a graduated holder over mercury ; on analysis, the mixture was 
found to have the following percentage composition : 

Methane = 65°5 ; propane=17°65 ; nitrogen (by difference) = 16°85, 
with ratio C/A =1-55, which is nearly that of the residual arc gases, 
assuming for the moment that the second hydrocarbon was propane. 
The mixture was subjected to a process of diffusion precisely similar 
to that carried out with the residual arc gases, and with the mixture 
of methane, ethane, and nitrogen. 

This mixture seemed to behave differently during. the diffusion 
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operations from either the arc gases or the mixture of methane, 
ethane, and nitrogen, The ‘heavier’ fractions passed through the 

tus much more slowly, and the final fractions were only pumped 
out with great difficulty ; last traces of propane obstinately clung to 
the plugs, and were probably never removed. The fractions a and 2 
were finally analysed, with the following results : 


Fraction a. Fraction z. 

Volume of gas taken 42-1 55°3 

J oxygen added 388-9 494°3 
Volume after explosion . 466°7 

J treatment with KOH ¢ 408-0 
Contraction (C) : 82°9 
Absorption (A) , 58°7 
Ratio C/A . 1°41 


The percentage composition of these fractions would therefore be : 
Methane 
Nitrogen 


and the ratios 


methane 
opa: 


are 19°75 and 2°10 respectively. 


The results of these diffusion experiments are most easily under- 
: p methane : ; 
for the lightest and h 
stood if the ratio ther kya bon 20r the lig test and heaviest 
imetions obtained by the diffusion of the two mixtures of known 
cmposition be compared with the same ratio for the corresponding 


fmctions obtained when the arc gases are subjected to the same 
process. 


Mixture, Mixture, 
CH, CsH,,N>. CH, CH, Ny. th 


(1) Ifethane | (2) If propane 
Fraction. is present. is present, 
Fraction. Fraction. 


a z a z a 2 a z 
0°836/ 19°75 2°10| 4°29 0°808 |. 9°6 2°624 


1975 _-o., | 490 _. «. 96 _ ¢. 
10 ~ °* oes 8 2°624 i 


Methane “tie 
Other pee = 4°62 


The similarity between the results obtained with the artificial 
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mixture containing ethane and the residual gas from the arc experiment 
is so great that very little doubt can remain as to the presence of 
ethane in the are gases. The similarity is especially brought out by 
comparison of the ratio Ry/R,z In the two cases quoted, the ratios are 
almost identical, namely, 5°53 and 5°3, whereas if we assume the 
second hydrocarbon in the arc gases to be propane, we find R,/R,=3°6, 
whilst for the artificial mixture containing propane the value 9°4 is 
obtained. 

The evidence afforded by the diffusion experiments is therefore 
much more in favour of the supposition that the second hydrocarbon 
in the arc gases was ethane than that it was propane. On the other 
hand, it does not exclude the possibility of the gases having con- 
tained some small amount of propane in addition to methane and 
ethane, 


D. Liquefaction and subsequent Fractional Distillation of the Hydro- 
carbons in the Arc Gases. 


The idea of separating the hydrocarbons contained in the arc gases 
by a process of liquefaction and subsequent fractional distillation 
occurred to us at ‘an early stage of our work, indeed before the dif- 
fusion experiments were seriously contemplated. We, however, had 
no means of carrying out the idea until Professor Ramsay, hearing of 
our difficulty, kindly offered to help us, and we desire to express our 
best thanks to him for his goodness in enabling us to bring our investi- 
gation to a satisfactory conclusion. 

The following table of boiling points, expressed in degrees absolute, 
shows that there is a greater difference between the boiling points of 
methane and ethane than between those of benzene and the xylenes, 
and as a difference of so many degrees at so low a temperature means 
relatively much more than a similar difference at higher temperatures, 
the prospect of almost completely separating methane and ethane 
seemed good : 


Boiling points. Boiling points. 
Diff. Diff. 


Nitrogen 
Methane 


Butane 


About 100 c.c. of various fractions of the arc gases left over from 
the diffusion experiments were thoroughly mixed in a small holder 
over mercury ; a portion of the mixture was analysed with the follow. 
ing results : 
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Volume of gas taken ........0.....cccceeeeecees 

oo ( Omppem OSE. iiss... cccccecseces 

Volume after explosion .............cseceeeeees 

ee treatment with KOH ......... 268°25 
Contraction (C)= 70°55. Absorption (A) = 44:00, 
Ratio C/A = 1°60. 
The gas would therefore have the following percentage composition, 
assuming (1) that the second hydrocarbon is ethane, (2) that it is 
propane : . 


o oa ™ = cf 


(2) 
066480806008 . Methane ............ 


fCeoccceccccese = OVV- = = te BUIREELW seecccesecee 


erery erst? . Nitrogen ............ 


a7* 3 86 @& 


It will further be noticed that this was practically the composition 
of the original arc gases before diffusion. 

About 70 c.c. of this mixture were sealed up in an exhausted bulb, 
and forwarded to Professor Ramsay, who carried out the fractionation 
for us in the laboratory of the University College, London, as follows. 
The gas was passed into a small gas bulb immersed in boiling liquid 
air; a large portion of it solidified as white, snow-like crystals on the 
inner surface of the bulb, whilst another portion either liquefied or 
formed a vitreous, glassy solid. A third constituent, namely the 
nitrogen, which was only liquefied under pressure, was allowed to pass ~ 
off uncondensed. The contents of the bulb were slowly volatilised 
and collected over mercury in three as nearly as possible equal frac- 
tions, A, B, and C, of about 20 c.c. each. The crystalline solid (the 
methane) disappeared during the early stages of the process, and the 
liquid or vitreous solid was entirely converted into gas at a very low 
temperature, certainly much below the boiling point of butane, and 
probably that of propane also, After the third fraction had been 
collected, there remained no residuum of gas in the apparatus. From 
the behaviour of the gas during the process, Professor Ramsay con- 
cluded that it certainly contained no butane, and that the second 
hydrocarbon was more probably ethane than propane, 

Fraction A was found, on analysis, to consist of methane with some 
15 per cent. of nitrogen, as the following figures indicate : 


? 


BESseBeaF FERRETS EB 


Volume of gas taken ..........00.csceeseeeeeees 
” oxygen added............sseeeeeeeees 
” air added (oxygen = 76°37) ...... 364°35 
Volume after explosion  ..........0.se+seeeeeees 
” treatment with KOH ......... 
” treatment with alkaline weet 2961 


—o 


Oxygen used (1249 + 76°37 — 1168) ......... 84°47 
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Contraction (C)= 84°05. Absorption (A) = 42°10. I 
Ratio C/A = 2. fi 
The gas therefore had the percentage composition 
Methane = 84°5. 
Nitrogen = 15:5. 
Fraction B on analysis gave the following numbers : 

Volume of gas taken ... ......ccccccssesseeeseeess 38°0 fal 
pa OXY gen Added ..,......sereseerseceees 99°8 () 
ie air added (oxygen=77°7) ......... 370°5 

Volume after explosion .......c0cseccceeceeereeees 432°5 

ia treatment with KOH............ 390°9 
” treatment with alkaline Pree} 295'5 
BREEGE .oracopccsoscesqsessocecece 
Oxygen used (99°8 x 0988 + 77°7 —95°4)...... 80°9 
Contraction (C)=75°8. Absorption (A) =41°6. r 
Ratio C/A = 1°82. ae 
The gas evidently therefore contained a large quantity of methane 80, t 
with some ethane or propane and also nitrogen. Its percentage com- comp 
position would be as follows, assuming (1) that the second hydrocarbon § differ 
was ethane, (2) that it was propane : whos 
) To 
Methane......... +3 j=  j§#§$_Methane......... Pal 
Ethane ........... ‘97 ~~ +~Propane.......... Mipaas 
inan 
veeseeeee 350 Nitrogen......... If} 
The amount of oxygen actually used in the explosion agrees very § propar 
closely with the 80°73 vols. required by 38 vols of either of the fore § diffusi, 
going mixtures, if we allow for the fact that the oxygen added was § analys; 
found on analysis to contain 1°2 per cent. of nitrogen. for th 
Fraction C, on analysis, yielded numbers agreeing very closely with § diffuse 
those required on the supposition that it consisted of nearly pure The 
ethane : the app 
Volume of gas taken ..........sccsscssssessseeees 32°7 first 6+f 
» oxygen added...............+ i eeose 483-0 With th 
Volume after explosion ..........0.s.cseeseee see 435°0 
- treatment with KOH .......... 372°0 
Contraction (C)=80°7. Absorption (A) = 63:0. 
Ratio C/A = 1°28. 


Now pure ethane requires C/A=1'25. It is evident therefore that 
this fraction either consisted of ethane with a small quantity of 
methane, or that it contained nearly equal volumes of methane and 


CARBON AND HYDROGEN. PART II. 1061 


propane. There was evidently no nitrogen present, as the following 
figures indicate : 
Methane= 2°6 (7°92 per cent.) Methane = 17-7 (54-0 per cent.) 
Ethane =30°2(92°07 ,, ) Propane =15'1 (460 ,, ) 


oo 


32°8 32°8 


The percentage composition of the three fractions would be as 
follows, (1) on the supposition that the second hydrocarbon was ethane, 
(2) that it was propane : 


A. B. Cc. 
(1) Methane ............ 84:5 83°53 7°92 Bt: | 
Bthane: «0.00500: oosone nil 12:97 92°07 ; 


pogeigeeeb hie . 3°50 nil 


eee 90-0 54-0 el 
Propane......s.ss.00++ nil 65 46-0 Ah 
Nitrogen ............ 155 3°5 nil i 


The composition of the middle fraction, B, almost excludes the 
supposition that the second hydrocarbon was propane, for if it were 
80, the second series of figures would indicate that whereas we had 
completely separated nitrogen and methane whose boiling points 
differ by only 34°, we had not effected a separation of two hydrocarbons 
whose boiling points differ by as much as 115°. ; 

To further test tf matter, however, 10 cc. of the fraction C 
were subjected to a process of diffusion in the apparatus we have 3. | 
described, which in one operation effected a considerable separation . 
in a mixture of equal volumes of methane and oxygen (see page 1054). a 

If fraction C consisted of nearly equal volumes of methane and i! 
propane, we should expect to get a very considerable separation on an 
diffusion ; on the other hand, if the gas was nearly pure ethane, on a 
analysis very little difference should be found between the ratio O/A a 
for the heaviest portion and 1:28, the ratio for the original gas , 
diffused, : 

The 10 c.c. of gas were accordingly very slowly diffused through a | 
the apparatus, the operation extending altogether over 12 hours. The | 
first 6°5 c.c. collected were rejected, and the last 3°5 c.c, were analysed, 
with the following results ; 


B73 


ge 


Volume of gas taken................000seeeees 27°95 

” oxygen added ...............c0e00 488°35 
Volume after explosion......................+5 450°9 
” treatment with KOH ...... 398°5 


Contraction (C)=65°4. Absorption (A)=52°4. 
Ratio C/A = 1-25. 


that 
iy of 


yand @ VOL, Lxxix, 
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The result is, we are inclined to think, quite decisive. The evidence 
is overwhelmingly in favour of the view that the second saturated 
hydrocarbon formed when the electric arc is maintained between 
carbon terminals in an atmosphere of hydrogen is ethane. 


Discussion of Results. 
Our experiments prove that methane, the simplest of all hydrocar- t 
bons, is the first to be formed by the direct combination of its elements, a 
for it alone is produced at the lower temperature of 1200° when the 0s 
velocity of combination is just measurable. At some temperature, al 
at present unknown, between 1200° and 3500° the temperature of in 
the arc, acetylene, and ethane begin to be formed; in the are the an 
formation of all these hydrocarbons continues until a certain equi- sh 
librium between them and carbon vapour and hydrogen is established. 
Calculating from the results of our earlier experiments, interpreted in 
the light of our later work, we find that the proportions between the Dia 
three hydrocarbons and hydrogen when this equilibrium is attained TR 
are somewhat as follows: tion 
Hydrogen ...... ronpaeeie cd onenroene 90—91 per cent. : : 
BRED 50+ --onrectiansesdonmede W—8s8 , Com 
Bs nce: sonetentemrteienien 125 =, ead 
BRETERD. «00. cro ccstidsbonepeleaseasene “Ts * inely 
It is, of course, open to discussion whether acetylene and ethane tr 
are formed in the arc directly from their elements, or indirectly by the 
decomposition of methane. At first sight it may seem probable that 
methane is the first product of the combination of carbon vapour with 
hydrogen in the arc, as it undoubtedly is of the action of hydrogen 
upon solid carbon at 1200°. The fact, however, that methane and CX 
ethane are produced simultaneously, and at rates which bear a con- - 
stant ratio to each other during the whole time the arc is maintained, sul 
indicates, we think, that ethane is formed directly from its elements, 
and not indirectly by the decomposition of either methane or acetylene. 
With regard to the acetylene, a study of the results recorded in ow § Dunin; 
previous paper, particularly those of the arc experiments II and Ill, J stce of 
shows that its rate of formation bears a nearly constant ratio to the & ¢lectric 
rates of formation of the other two hydrocarbons, and, further, that these pc 
the quantity of it present at any given moment throughout an exper the sub; 
ment is always far in excess of the proportions of the other two hydro 9 'nquiry 
carbons, eyen when these are considerably below the ‘equilibrium limits. So far 


These considerations, we think, point to the conclusion that acetylene 
also is formed directly from its elements. It is, however, difficult 
draw any hard and fast conclusions as to the character and sequen? 
of the chemical changes which occur in the arc experiments. 


a ae a ee ae ee amg 


BSGeseEcRaS esr as Fees 


GOLLIE : DECOMPOSITION OF CARBON DIOXIDE. 1063 


Our results also open up the question of the stability of hydro- 
carbons at high temperatures. The recent publication of preliminary 
notices of work on the decomposition of various organic compounds, 
including some hydrocarbons, by W. Ipatieff (Ber., 1901, 34, 596) 
and also by W. Lob (Ber., 1901, 34, 915) make it desirable that we 
should now indicate the lines upon which we have been working on 
this subject for some months, in order that unnecessary overlapping 
may be prevented. If, as we have shown, methane is the only hydro- 
carbon to be formed at 1200° from its element, it is probable that it 
alone can permanently exist at this temperature ; we are, therefore, 
investigating the decomposition of methane, ethane, ethylene, acetylene, 
and certain aromatic hydrocarbons at 1200° or thereabouts, and hope 
shortly to communicate some results to the Society. 


We have much pleasure in expressing our indebtedness to Professor 
Dixon for valuable criticisms at various times during the course of the 
research, to Professor Ramsay for so kindly helping us in the separa- 
tion of the saturated hydrocarbons obtained in the arc experiments, 
to Messrs. Johnson and Matthey for the loan of palladium required 
for the hydrogen absorptions, and finally to the Government Grant 
Committee of the Royal Society for repeated grants which have 
enabled us to purchase the special apparatus required for the research, 
including that used for the gas analyses involved. 


Taz Owens COLLEGE, 
MANCHESTER. 


CX.—On the Decomposition of Carbon Dioxide when 
submitted to Electric Discharge at Low Pressures. 


By J. Norman Cou.iz, Ph.D., F.R.S. 


Dvkixe some experiments which were being made on the relative resist- 
ance of gases at low pressures in vacuum tubes to the passage of the 
electric spark, carbon dioxide was found to exhibit peculiarities. As 
these pointed to decomposition of the gas, the literature bearing on 
the subject was consulted, and as the evidence was conflicting, an 
inquiry into what occurred seemed necessary. 

So far back as 1860, H. Buff and A. W. Hofmann (this Journal, 
12, 282) noticed that at the ordinary pressure carbon dioxide under- 
went imperfect decomposition when subjected to the sparks from an 
induction coil. They say, “the spark traverses the gas with a violet 
light, In the commencement of the experiment, the expansion is very 

4c2 


1064 COLLIE: THE DECOMPOSITION OF CARBON DIOXIDE WHEN 


appreciable ; 7} c.c. of carbonic acid, after a few minutes, became 
8} c.c. ; but further decomposition proceeded with extreme slowness, 
until, after the lapse of half an hour, the. accumulated carbonic oxide 
exploded with the liberated oxygen, when the original volume of the 
carbonic acid was restored, again to undergo a similar set of changes,” 

But in opposition to this, in a very comprehensive paper on the 
spectra of carbon compounds, Prof. A. Smithells (Phi. Mag., 190], 
[vi], 1, 476) brings forward arguments for the stability of carbon 
dioxide when submitted to the electric discharge at the low pressure 
of a vacuum tube, although at the same time he points out that this 
idea is in opposition to the views which he takes with regard to the 
Swan spectrum being that of carbon monoxide, 

As it did not seem difficult to obtain the gases from the interior of 
a vacuum tube in sufficient quantity for analysis, the following investi- 
gation was made. 

The form of apparatus used was as follows : 


The carbon dioxide could be introduced by means of the tap C, the 
gas entering into the space between the taps 4 and D. The pressure 
was read off on the gauge. The distance between the two electrodes, 
which were of stout aluminium, was 25 inches ; the capillary tube join- 
ing the two ends of the vacuum tube was of 1 mm. bore. 

Pure carbon dioxide, made by heating sodium hydrogen carbonate, 
was introduced into the tube in the ordinary manner and dried by 
passing over a layer of phosphoric oxide. Connected with the vacuum 
tube was a mercury gauge to measure the pressure of the gas. On 
the vacuum tube were two glass stopcocks, one at each end, so that 
during the sparking of the gas. only that portion confined in the tube 
should be submitted to the discharge. Any gas, therefore, introduced 
into the vacuum tube after sparking could be directly pumped out by 
means of a Tépler pump and analysed. 


aREESbSS PEGE 
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A Newton-App coil and a couple of accumulators were used for the 
production of the electric discharge. 

In the first set of preliminary experiments some of the pure carbon 
dioxide was sparked during a period of from 1 to 10 minutes under a 
pressure of 5mm. It was found that the residual gas, when pumped out, 
was largely insoluble in caustic soda, and that the carbon dioxide, in 
amounts varying from 60—70 per cent., had been decomposed. This 
residual gas, when submitted to an electric spark under the ordinary 
pressure, exploded, and then was soluble (all except a small bubble) in 
caustic soda. 

large quantities were therefore experimented with in order to 
obtain a greater volume of the residual gas. This was effected by 
mixing the products from several experiments. As a result, it was found 
that, after being filled four times at 3 mm. pressure, and the contents 
sparked for 3 minutes, the tube yielded 2°2 c.c. of gas. — 1°7 c.c. were 
left after treatment with caustic soda ; 0°5 c.c., therefore, of undecom- 
posed carbon dioxide had been absorbed. On exploding the 1°7 ¢.c., 
it became almost entirely soluble in caustic soda. By calculation, the 
original volume of the carbon dioxide must have been 1°633 c.c., and of 
this 1:133 c.c. had been decomposed, which is equivalent to 69 per cent. 

Several other experiments were made, and always with the same 
result, the amount of decomposition varying from 65—70 per cent. 

In two of the above experiments, during the decomposition of the 
gas, the vacuum tube was in open connection with the mercury gauge, 
and the increase in pressure could be noticed even after the tube had 
been allowed to cool. 

To test whether the aluminium electrodes were in any way instru- 
mental in effecting the decomposition of the carbon dioxide, stout 
platinum ones were substituted for them, and at first very contradic- 
tory numbers were obtained. The gas was introduced at pressures 
varying from 2} to 6 mm., and the sparking continued for 5 minutes 
in each case. The amount of carbon dioxide decomposed varied from 
33 to 57 per cent. 

During the passage of the current, however, it was noticed that 
flickerings occurred in the tube when the negative electrode became 
hot, and that the glow on the hot negative electrode changed from 
the livid blue exhibited by the mixture of decomposed gases to the 
purple colour which was characteristic when the gas was first subjected 
to the electric discharge, this seeming to indicate that recombination 
was taking place. Accordingly, the tube was again filled at 5 mm. 
pressure and sparked for 1 minute. On pumping out the gas, it was 
found that 65 per cent. had been decomposed into carbon monoxide 
and oxygen. 

The tube was again filled at the same pressure, and subjected for 
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5 minutes to the same spark. A more powerful current was turned 
on till the platinum negative electrode became red hot ; the flickerings 
were again noticed, and the colour of the incandescent gas at the ‘hot 
platinum electrode changed as before to a purple colour. The current 
was stopped, and the gases analysed. Only 22 per cent, had been 
decomposed. 

An electrodeless tube was next tried, and when it was filled at 
5—6 mm. pressure and a strong current employed for 1 minute, it 
was found that no less than 50 per cent. of the carbon dioxide under. 
went decomposition into carbon monoxide and oxygen. In another 


experiment, which was carried on for 5 minutes, 62 per cent. of the ( 
gas was decomposed. These results show that carbon dioxide gas is f 
undoubtedly decomposed to a large extent by the current, irrespective 
of the electrode employed. p 

Many more experiments were made with another tube in which one 
electrode was stout aluminium and the other a coiled piece of thin C 
platinum wire. In every case, when the stout aluminium wire was 01 
the negative electrode and the tube was filled at pressures varying re 

from 1—12 mm., 70 per cent. of the carbon dioxide was found to be 
decomposed after 1 to 2 minutes’ sparking. The following experiment, je 
however, is worth recording in detail. cu 
The residual gas from several experiments, after all the carbon me 
dioxide had been removed, was analysed. Part of it was found, on the 
explosion, to yield nothing but carbon dioxide. Also, another part ay 
was reduced exactly one-third in volume by treatment with an alkaline but 
solution of pyrogallol, and the remaining two-thirds was absorbed and 
entirely by an ammoniacal solution of cuprous chloride. It was pos 
therefore a mixture of two volumes of carbon monoxide and one 8 
volume of oxygen. cart 
Some of this gas was introduced in portions at 10 mm. pressure mon 
into the vacuum tube and sparked for 2 minutes, the aluminium hyd 
being the negative electrode, After pumping out finally, 93 ec. ever 
of residual gas were obtained. This volume was reduced to 7600. @ equa 
when treated with caustic soda, showing that carbon dioxide hu §  reta: 
been formed, and that the mixture of carbon dioxide, carbon mol Th 
oxide, and oxygen was in the same amount as if 74 per cent. chlor 
carbon dioxide had been decomposed, quan’ 
The residual 7-6 c.c. of carbon monoxide and oxygen were next intro by fr 
duced into the tube in the same manner, but at a lower pressim & feeb); 
namely, 2 mm., in order that when the platinum electrode was madethe Prob 
negative pole it might be heated by the current, After pumping oh produ 
the 7°6 c.c. had decreased to 5°2 c.c. On treatment with caustic sod, left fo 
only 0°6 c.c. remained, which proved to be pure carbon monoxide. _ hy 
rodie 


Thus, by merely varying the conditions of the experiment, carbo 
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dioxide had been first decomposed, to the extent of 70 per cent., into 
carbon monoxide and oxygen. Next, the carbon monoxide and oxygen 
alone, by the same treatment, partly recombined, forming carbon 
dioxide, but when a hot platinum electrode and increased current were 
employed, the carbon monoxide and oxygen combined almost com- , 
pletely to form carbon dioxide, in fact they would have probably 
done so entirely if, in the splashing of the platinum on to the side of 
the tube, a small amount of oxygen, 0°3 c.c., had not been occluded by 
the metal. 

Carbon dioxide which had been dried in the pump for about 50 hours 
decomposed just as easily as undried gas passed straight into the tube, 
for some gas thus freed from aqueous vapour when sparked under 5 mm. 
pressure for one minute was found, on analysis, to have been decom- 
posed to the extent of 65 per cent. 

The following results show that the decomposition was fairly rapid. 
Carbon dioxide sparked under 10 mm., 3 mm., and 1 mm, pressure for 
only 10 seconds decomposed to the extent of 32, 55, and 63 per cent. 
respectively. 

Carbon monoxide, however, seems to be far more stable. When sub- 
jected to the same treatment with an ordinarily powerful spark, the 
current may be left on for half an hour with no appreciable result ; 
moreover, the gas gives no turbidity with baryta water. If, however, 
the current is sufficiently strong to make the negative electrode red hot, 
a very small amount of carbon dioxide is produced, too little to measure, 
but sufficiently great to cause a white precipitate with baryta water, 
and small specks of something black, presumably carbon, collect on the 
positive electrode. 

Several experiments were made with mixtures of hydrogen and 
carbon dioxide in the hope that perhaps the carbon monoxide at the 
moment of its liberation from the carbon dioxide would unite with the 
hydrogen tp produce formaldehyde ; the presence of formaldehyde, how- 
ever, could not be detected, but the decomposition in a mixture of nearly 
equal quantities of carbon dioxide and hydrogen was considerably 
retarded. 

The residual gas was treated with caustic soda, ammoniacal cuprous 
chloride, and finally spongy palladium. There remained a very small 
quantity of gas. Itcould not have been ethylene for it was not altered 
by fuming sulphuric acid, but when mixed with oxygen it exploded 
feebly, and left a small quantity of gas soluble in caustic soda. 
Probably the gas was methane, but owing to the great difficulty in 
producing enough of it for analysis in a proper manner, the matter was 
left for the present. Moreover, the observation that carbon monoxide 
and hydrogen can be made to yield methane is not new, as Sir B. C. 
Brodie (Proc. Roy. Soc., 1872, 21, 245) obtained _6 per cent. of this 
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gas by sparking a mixture of carbon monoxide and hydrogen ina 
Siemens’ induction tube. 

The fact, however, that carbon dioxide is capable of being decom. 
posed to the extent of 65 per cent. in the space of 10 seconds, when it 
is subjected at low pressures to the electrical discharge from an ordinary 
induction coil, is of considerable interest, especially as it seems probable 
that the absorption of carbon dioxide by plants, and the subsequent 
liberation of oxygen when the plant is exposed to sunlight, may be due 
to this excessive instability of carbon dioxide when subjected to 
electrical strain. That heat vibrations have much to do with the de. 
composition seems improbable, and the severance of the oxygen in 
carbon dioxide from the compound both in a vacuum tube by electrical 
energy, and in the plant by agency of light, may possibly be due to the 
same cause. It would be interesting to know whether the amount of 
oxygen evolved by growing plants in sunlight is equivalent to about 
two-thirds of the carbon dioxide absorbed, as this seems to be the 
point of equilibrium reached in the vacuum tube during either the 
decomposition of carbon dioxide into carbon monoxide or the union 
of carbon monoxide and oxygen. 

There has just appeared an interesting paper by Ciamician and Silber 
(Ber., 1901, 34, 1530), in which they show how light may play an im- 
portant part in chemical action, especially in the case when coloured 
substances, such as quinone, are allowed to react with easily dehydro- 
genised compounds such as alcohol. The reaction of quinone with 
alcohol is as follows : 


0,H,O, + 0,H,O = ©,H,(OH), + 0,H,0. 


Many other carbonyl compounds were experimented with, and the 

same result obtained. The general reaction can be expressed thus: 
:CO + ‘OH = i0°OH + :0. 

Between this reaction and the assimilation of carbon dioxide in living 
plants which contain the coloured chlorophyll a close parallel can be 
drawn. The carbon dioxide, in presence of sunlight and the strongly 
coloured chlorophyll, breaks down into carbon monoxide (a free carb- 
onyl group) and oxygen. This carbon monoxide then reacts with the 
water in an exactly similar manner to that given in the equatio 


above, 
:CO + H-OH = H-CHO + °:0. 


and formaldehyde or formic acid is produced—or perhaps combination 
‘of carbon with carbon may take place, as is the case, according to 
Ciamician and Silber, when acetophenone is mixed with alcohol and 
exposed to sunlight. ; 


2COMePh + O,H,0 = CMePh(OH)-OMePh:OH +. 0,H,0: 
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Carbon monoxide would first yield formaldehyde, H,CO, which, in 
presence of water, chlorophyll, and sunlight, might yield glycolalde- 
hyde, 


sE>00 + H,O = #>0(0H)-CHO + 4,0, 


and by polymeric condensation the glycolaldehyde would yield sugars. 
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(XI1.—Metal-Ammonia Compounds in Aqueous Solu- 
tion. Part III. Salts of the Alkaline Earth Metals. 


By H. M. Dawson and J. McCrae. 


Dry calcium chloride forms with ammonia a complex salt, but we 
have no direct evidence that this complex is capable of existence in 
solution. 

Raoult (Ann. Chim. Phys., 1874, [v], 1, 263) has shown that the 
solubility of ammonia in concentrated calcium nitrate solution is 
greater than in pure water, and Konowaloff (J. Russ. Phys. Chem. Soe., 
1899, 31, 985 ; Chem. Centr., 1900, i, 938) has found that the partial 
pressure of ammonia over an ammoniacal solution of calcium chloride 
is less than that over a pure aqueous solution of the same concentra- 
tion. Konowaloff’s observation has been confirmed by Gaus (Zeié. 
anorg, Chem., 1900, 25, 236). There is in these results an indication 
that the dissolved calcium salt (the calcium ion) is capable of fixing 
ammonia, 

We have extended our experiments on the distribution of ammonia 
between aqueous salt solutions and chloroform to solutions containing 
salts of the alkaline earth metals. In our first communication (Trans., 
1900, '77, 1250), we have given results with calcium chloride, but these 
are to be regarded as preliminary experiments. 

The method of experimentation has already been sufficiently described 
(this vol. 495). The experiments were carried out at 20°, and the 
results given on p. 1070 have been obtained : 

If these results are compared with those obtained for the salts 
of the alkalis on the one hand, and with the salts of copper, zine, 
cadmium, and nickel on the other, it will be observed that, speaking 
generally, the salts of the alkaline earth metals occupy a position 
between these two groups. In general, the absorptive power of solu- 
tions of the alkali metal salts for ammonia is less than that of pure 
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Coneuaten: on NH ‘Coefficient for 
tiono in| tion o 
ow h the aqueous in the 
queous HCl 
solution. part, Cc 3 
grams per gram per : 3 
litre. litre. CHC), is c,. 


C. Co: “ k. 


| 


Calcium chloride : 


8°525 
8°574 
8°534 
8°516 
8°523 
11°790 
14°970 


Strontium nitrate : 


8°340 
6°739 
5°045 


Barium bromi 


0°297 
0°241 


Barium chloride : 


oooooor 
* 0 00m OOS 


water, and we have already shown that this diminution of absorptive 
power is approximately proportional to the concentration of the dis 
solved salt. The influence of these salts was found to be greatest for 
potassium salts, and least for lithium salts, the order of magnitude 
being potassium, sodium, ammonium, lithium. The experimental dst 
represent the superposed influences of physical action and the forms 
tion of chemical complexes, and from the negative values obtained fr 
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b= F J ith come of the lithium salts we conclude that in these cases 
n 


the fixation of ammonia in the form of chemical complexes more than 
counterbalances the lowering of the absorptive power which would 
result from the purely physical action of the dissolved salt. 

The alkaline earth metals approximate in their behaviour to the 
alkali metals. For the barium salts investigated, the physical action 
preponderates, whereas in the case of the calcium salt, this physical 
action is more than counterbalanced by the formation of complex 
calcium-ammonia ions. These two opposed actions are of approxi- 
mately equal magnitude for the strontium salt investigated, and in 
consequence, the value of the distribution coefficient differs but little 
from that for pure water and chloroform. 

The arrangement of the alkaline earth metals in the series barium, 
strontium, calcium, corresponds with that of the series given above for 
the alkali metals. The tendency to form complex ammonia ions on 
the part of calcium is greater than that observed in the case of any of 
the alkali metals, but it is still very small in comparison with that 
found for the metals copper, zinc, cadmium, and nickel. 


The value of the expression s = K’ was found to be constant for the 


alkali salt solutions when both the salt and the ammonia concentra- 
tions varied. This constancy is in harmony with the conception that 
the preponderating action of the dissolved salt is of a physical nature. 
When the formation of ammonia complexes is very considerable, as 
with copper, zinc, cadmium, and nickel salts, then this expression is 
by no means constant, Examination of the previous table shows that 
da is not nearly so constant as in the case of the majority of the 
alkali salt solutions investigated, and this is probably explainable by 
the greater tendency towards the formation of ammonia complexes 
exhibited by the calcium, strontium, and barium salts. 

Finally, we may compare our results with those arrived at by 
Konowaloff (loc. cit.) and by Gaus (ioc. cit.). Konowaloff’s results 
were obtained by determining the partial pressure of normal ammonia 
solution containing 1 gram-equivalent of salt per litre at 60°, and 
those of Gaus by determining the same at 25° with solutions which 
Were normal with respect to ammonia and 0-4 normal with respect to 
salt. The following table contains the values of P, — P, P, being the 
ammonia pressure over pure water, and P that over the salt solution. 
k-k 

n 


For the comparison we make use of an approximate value of 


which is a measure of the total action. 
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BaCl,. SrCl,, Sr(NO,). CaCl, 
2 2 2 2 

+105 -11 -12 36 

-002 -0°29 — -077 


+153 — -03 -239 


The agreement between the three series is as close as might be ex- 
pected, the only anomaly being that Gaus finds for barium chloride a 
negative value, whilst the experiments of Konowaloff and ourselves 
give a positive value. 
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CXII.—Metal-Ammoma Compounds in Aqueous Solu- 
tion. Part IV. The Influence of Temperature on 
the Dissociation of Copper-Ammona Sulphate. 


By H. M. Dawson and J. McCraz. 


Ir has already been shown (this vol., p. 496) that the distribution of 
ammonia between water and chloroform at 20° is not quite independent 
of the concentration, and the variation is exhibited by the distribution 
coefficient curve on p. 497. In our first communication (Trans., 1900, 
77, 1239), we have shown that a complex compound, probably 
Cu4NH,°S0,, is formed when excess of ammonia is added to a solution 
of copper sulphate; this complex compound is dissociable, and only 
when there is a large excess of ammonia in the solution does the 
number of fixed ammonia molecules per atom of copper approximate 
to four. We have been able to follow the extent of this dissociation 
at constant temperature with decreasing total ammonia concentration, 
and now we have endeavoured to ascertain the influence of temperature 
on the dissociation. 

On account of the method which we employ, it was impossible to ux 
a temperature much above the ordinary, and we have not deemed it 
advisable to work above 30°, which is our upper limit. For lower 
temperatures, we are only limited by the freezing point of the solution, 
but the lowest temperature at which we found it convenient to work 
was 10°. This gives us a range of 20°, and it was expected that the 
extent of dissociation at the lower and higher temperatures would le 
sufficiently different to indicate the temperature influence. 
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Distribution of Ammonia between Water and Chloroform at varying 
Temperatures. 


The method of experimentation was exactly as has been described in 
our previous communications (Joc. cit.). In order to ascertain the 
amount of ammonia fixed by the salt in solution from the distribution 
coeflicient determined with this solution, it is necessary to know the dis- 
tribution ratio between pure water and chloroform, and since this varies 
very considerably with the temperature, determinations of the latter 
had to be carried out at different temperatures. The temperatures 
chosen were 10° and 30°, and the following results were obtained : 


Concentration of NH, in | Concentration of NH, in | Distribution coefficient, 
aqueous part, the chloroform. a. 
Grams per litre. Gram per litre. Ca 


q. 


Temperature 10° : 


§'211 
6°974 
8'123 
8°701 
12°835 
17°370 
17°428 


Temperature 30° : * 


5092 

6°658 

8°497 
10-203 
11°660 § 
13°601 
16°660 


0°2250 
0°2949 
0°3751 
0°4558 
0°5232 
0°6133 
0°7575 


22°63 
22°57 
22°65 
22°39 
22°29 
22°18 
22°00 


*In a previous publication (Trans., 1900, 77, 1243), we have given the co- 
eflicient at 30° as 23°2, but we prefer to take the numbers given above for the 
reason pointed out on p. 496. 


These figures show exactly the same relationships as those previously 
obtained for the distribution coefficient at 20° (this vol. p. 496), namely, 
for solutions less than 0°5 normal with respect to ammonia the distri- 
bution coefficient remains practically constant at constant temperature, 
but with more concentrated solutions this ratio diminishes with inereas- 
ng concentration of the ammonia. The variation of the distribution 
‘wellicient within the same limits of ammonia concentration is very 
neatly the same at the three temperatures, consequently the curve 
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given on p. 497 may be used to express the results obtained at 10° 
and 30° if we add to the ordinate 4°54, or subtract from it 3°66. In 
other words, the three curves representing the dependence of the dis- 
tribution coefficient on the ammonia concentration at the different 
temperatures are almost parallel. 

It is evident that the distribution coefficient at constant ammonia 
concentration is not a linear function of the temperature, for the 
difference in the coefficient for 10° (from 20° to 30°) is in one case 
3°66 units, whilst in the other case, for 10° (from 10° to 20°, it 
is 4°54. 

The results obtained have been plotted as curves (not reproduced 
here), and from these the values at any concentration of ammonia can 


be read off. 


Experiments at 10° and 30° with Copper Sulphate Solutions. 


At 10° and 30°, experiments were made with 0°1 normal copper sul- 
phate solutions, and at 10° with 0°05 normal solutions. The results 
so obtained are recorded below, and they may be compared with those 
which we have previously found at 20°. 

In the table on p. 1075 we give the various data, the molecules of 
ammonia fixed per molecule of salt (or per atom of copper) being cal- 
culated from the formula “13 be = in which & is the distribution 
coefficient for pure water at the same concentration of ammonia in the 
chloroform, c, and c, the observed ammonia concentrations in the 
aqueous and chloroform layers, and m the normality of the salt solv- 
tion. Weare unable to take account of the physical action of the 
dissolved material, but, as already stated (p. 511), we believe this to 
be, in the case of copper salts, very small, 

When the distribution coefficient attains a high value, correspond- 
ing to a small amount of free ammonia ‘in the salt solution, the 
error in the determination of the fixed ammonia may be relatively 
large on account of the small quantity of acid used in the titre 
tion of the chloroform. Further, if the coefficient is not much 
greater than that for pure water, the accuracy is not great, sine 
the calculation involves the difference between these tw6 values. ‘The 
most accurate values are those obtained when the concentration 0 
ammonia in the aqueous phase is between 6 and 9 grams per litre 
As no extreme accuracy can be claimed for the individual figures 
we have drawn smoothed curves representing the molecular amoutt 
of ammonia fixed per atom of copper in 0:1 W solution at 10°, a, 
and 30° with varying ammonia concentration. The numbers for 
20° have been recalculated in accordance with the later | 


AQUEOUS SOLUTION. 


PART IV. 


1075 


Concentration 
of NH, in 
aqueous layer. 
Grams per litre. 


Oe 


Concentration 
of NH, in 
CHC),. 
Gram rer litre. 


Cg. 


Distribution 
coeflicient. 


W. 


Coefficient 


corresponding 


to c, for 
water. 


k. 


Molecular ratio 


Temperature 10°. 
01 V copper sulphate : 


5°427 
6°688 
7171 
8322 
8°931 
10°675 
13°130 


0°0765 
0°1153 
0°1317 
0°1679 
0°1872 
0°2446 
0°3273 


005 V copper sulphate : 


3°580 
5°347 
7095 
9°800 


0°0666 
0°1224 
0°1786 
0°2679 


Temperature 30°, 
0'1 WV copper sulphate : 


5°347 
7°062 
8°650 
10°310 
11°960 
13°720 


0°1072 
0°1790} 
0°2441 
0°3170 
0°3915 
0°4699 


49°86 
39°45 
35°44 
32°55 
30°55 
29°21 


22°66 
22°64 
22°62 
22°60 
22°52 
22°39 


al- 
ts 
oe 
of 
cal- 
jon 
the 
the 
olu- 
the 
s to 


tions of the distribution coefficient between pure water and chloro- 
form at this temperature. Instead of reproducing these curves, we 
have constructed the table given on p. 1076 indicating points on the 


As would be expected, the figures indicate that, at constant ammonia 
oneentration, the extent of dissociation increases as the temperature 
8, and it may be stated that if a comparison be made between the 
humbers obtained with 0°05 WV copper sulphate solutions at 10° and 
Y, the same conclusion is evident. The differences between the 
tumbers obtained at the different temperatures are, however, too 
mall to admit of any quantitative statement as to the influence of 
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Table showing the number of molecules of ammonia fixed per atom of 
copper in O'1 WN solution. 


Concentration of NH; 
in the aqueous phase. 


temperature on the dissociation of the complex copper ammonia 
sulphate. 
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CXIIlL.—Additional Notes on Dinitro-o-anisidine. A 


Chemical Reaction in which one of the Products 
continues the same Reaction. 


By Rapuart Mexpota, F.R.S., and Jonn Varaas Eyre. 


THE dinitroanisidine described last year by one of the authors and 
Elkan Wechsler (Trans., 1900, '77, 1172) has been since shown to have 
the constitution 4 : 5-dinitro-2-aminoanisole (Proc., 1901, 17, 131; also 
Freyss, Bull. Soc. Ind. Mulhouse, 1901, '70, 375). Further evidence of | 
this constitution is given in the following paper as well as some 
experiments which throw light on the remarkable action of nitrous 
acid on the compound. 


The Diphenylazines from the Triaminoanisole and its Acetyl 
Derivatives, 


Dinitroacetanisidide (m. p. 162—163°) was reduced in glacial acetie 
acid solution with zinc dust and a few drops of hydrochloric acid to 
start-the reaction. The solution containing the acetyltri 
was mixed with an acetic acid solution containing the calculated quantity 
of benzil, and the mixed solutions heated for some hours on a water 
bath. The azine is thrown out on dilution with water, and neutralist 
tion with ammonia as an ochreous powder which dissolves in boiling 
aleohol with a brownish colour. Th® solution is slightly fluores 
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when cold, and the azine separates in the form of ochreous needles 
melting at 223—224°. 


0:1163 gave 11°8 cc. moist nitrogen at 20°5° and 764 mm. N =11°62. 
01186 ,, 11°75 ” ” 19°5° ,, 752-4 mm. N = 11°23. 
C.3H,,0,N, requires N=11°39 per cent. 


The dinitroanisidine on similar treatment gave an azine crystallising 
from alcohol in brown needles with serrated edges, and from benzene, 
in which it is very soluble, in minute, pale, ochreous needles. The 
melting point is 194—195°. 


01092 gave 12°2 c.c. moist nitrogen at 18°5° and 755°8 mm. N =.12°78. 
00903 ,, 10 . - 20°5° ,, 7705 mm. N=12°80. 
C,,H,,ON, requires N = 12°84 per cent. 


The dilute alcoholic solution of the azine has a distinct green 
fluorescence which disappears on heating, and reappears on cooling. 
The compound is basic and dissulves in strong hydrochloric acid with 
aclaret red colour, which disappears on dilution with water, owing to 
the dissociation of the salt. 

The constitution of these compounds is shown by the formule : 

NHAe/” \N:C-C,H, NH NBC 0,H, 
CH,-O\ JN:0-0,H, CH,: OV NOCH 


The azine ring may of course be represented in the usual way with 


ee - ‘N- C- C,H, 
a cross linking between the nitrogen atoms : x. C C,H, 5, or the left- 


hand benzene ring may be written on the quadrivalent (quincmebay type: 


Quantitative Diazotisation of Dinitro-o-anisidine. 


It has been proved in former papers that this compound loses a 
nitro-group on diazotisation, and we have shown in our last note 
(Proc. 1901, 1'7, 131) that the nitro-group thus eliminated is the one 
occupying the para-position with respect to the amino-group, the 
resulting compound being a diazoxide. In the note referred to, we 
suggested that the nitro-group might be eliminated in the form of 
nitrous acid according to the scheme: 


LN, 
—> NO,°C,H,(OCH,)< do: 


If this view were correct, we should have the somewhat remarkable 
se of a chemical reaction in which one of the products (nitrous acid) 
VO! LXXIX, 4D 
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is the same as the reagent added, and is thus capable of carrying on 

the diazotisation. In order to submit this to the test of experiment, : 
a method had to be devised for measuring quantitatively the amount 
of diazotising work done by a known quantity of nitrous acid. Pre. 
liminary experiments with a standardised solution of sodium nitrite, 
and solutions of known strength of dinitroanisidine in glacial acetic 
acid, showed that the ordinary method of ascertaining the end of 
diazotisation by the liberation of free nitrous acid was quite inapplic. 
able in the present case. Free nitrous acid, as shown by the potassium 
iodide and starch test, shows itself from the very first addition of the 
nitrite solution, and does not cease to be present until after some 


days. In other words, the diazotising process has no time limit sharp ; 
enough to be fixed by any colour test. Under these circumstances, we B 
were led to use the gravimetric method formerly applied with success 
in the case of the quantitative resolution of the diazoamido-compounds - 
(Meldola and Streatfeild, Trans., 1887, 51, 438 ; 1888, 53, 675). The : 
method as applied to the present reaction depends upon the following na 
conditions : mo 
If sodium nitrite solution is added to an acetic acid solution of cal 
dinitroanisidine, keeping the latter in excess, there are present after a 00! 
certain interval (1) diazoxide, (2) unaltered dinitroanisidine, and (3) on 
nitrous acid. After a sufficiently long interval (about 3 days), free diaz 
nitrous acid is no longer detectable, but even if free nitrous acid is reti 
present this does not interfere with the results, On adding sucha @ amo 
solution to an alkaline solution of B-naphthol, the diazoxide combinesat bein, 
once to form the azo-compound, NO,*C,H,(OCH,)(OH)-N,°C,,H,OH* BF elim 
On making strongly acid with hydrochloric acid, the free azo-compound TI 
is precipitated, whilst the unaltered dinitroanisidine remains in sol @ limit, 
tion if a sufficient volume of water is present. The azo-compound, @ sin j 
being practically insoluble in water (even when hot), can be collettel # fores, 
on a tared filter, washed with dilute acid, and finally with hot water, @ defici 
until free from all soluble compounds, and then dried and weighed. — exces; 
The weight of azo-compound gives the weight of diazoxide formed. heglig 
‘Two sets of experiments were made, using the following quantities: compo 
A.—First Set.—Twenty-five c.c. of a 1 per cent. solution of dinitty rh 
anisidine in acetic acid. Sodium nitrite solution 1 cc. = 000%... | 
gram NaNO,. and ali 
B,— Second Set.—Same quantities of dinitroanisidine. Nitrite slr 4, fins 
tion 1 c.c. = 0°00906 gram NaNO,,. 0117 


* The formula of this compound given in the preliminary note (Trans., 1900, i) 
1173) does not represent it as containing a hydroxy- as well as a methoxy-g%h 
because the nature of the reaction had not been at that time fully made out 
percentage of nitrogen does not differ considerably in the two cases. 
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The quantity of dinitroanisidine was the same throughout, 0°25 gram, 
and the same quantity of nitrite, 00202 gram, was added in each case, 
namely, 6°98 ¢.c. in set A, and 2°23 c.c. in set B. This quantity of 
nitrite is one-fourth the calculated quantity required on the assump- 
tion that one molecule of dinitroanisidine requires ove molecule of 
nitrite. The results are given below : 


Dinitro- 


Weight of Weight of 
anisidine. 


Nitrite. B-naphthol. | azo-compound, 


. 0°25 0°0202 0°2 0°3498 
_. ae sz F a 0°3806 
I ... ‘s + a 02867 
a * ie 0°3198 
” ” ” 0°3694 


The B-naphthol is slightly in excess of that required by theory, 
namely, 0°2 instead of 0°17 gram, but this excess is completely re- 
moved during the treatment. The quantity of azo-compound theoreti- 
cally producible by the weight of nitrite taken (0°0202 gram) is 
00992 gram. The weight of azo-compound theoretically producible 
on the assumption that all the dinitroanisidine is converted into 
diazoxide is 0°3968 gram. ‘Thus the results show that whilst the theo- 
retical limit of diazotisation is not reached in five days, the actual 
amount of diazoxide formed is greatly in excess of that capable of 
being produced by the weight of nitrite added. The nitro-group 
eliminated thus continues the diazotisation. 

The method, although not claiming to give results within very close 
limits of accuracy, is sufficiently exact to bring out this main conclu- 
sim in a very striking manner. The only sources of error that can be 
foreseen are the solubility of the azo-compound in water leading to a 
deficiency and the possible retention of dinitroanisidine leading to an 
excess in weight. The first of these errors we believe to be quite 
negligible. The second was provided against by washing the azo- 
compound (after being collected) off the filter, redissolving in hot dilute 
sodium hydroxide, reprecipitating by acid, and collecting and washing 
again before drying and weighing. The azo-compound in each experi- 
ment was thus twice pretipitated from a large volume of dilute acid, 
and although a slight loss may have been incurred by this treatment, 
the final product was pure azo-compound as shown by analysis. 

01174 of No. II gave 12°85 c.c. moist nitrogen‘at 21° and 757-4 mm. 

N=12°40. 
C,,H,,0,N, requires N = 12°39 per cent. 
Finssury TecuNntcaL CoLLEcE. 
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CXIV.—Some relations between Physical Constants and 
Constitution in Benzenoid Amines. Part II. 


By Paut Gorpan and LEoNHARD LIMPACcH. 


Tus paper is a continuation of the discussion of the relationship 
between ‘‘ Melting Puints and Constitution in some Amines” on which 
a preliminary note was published in 1893 by W. R. E. Hodgkinson 
and L. Limpach (Proc., 9, 41). 

By replacing the benzenic hydrogen in formoanilide and acetanilide 
by methyl, 38 compounds can be obtained. If the number of intro- 
duced methyl groups be p, then the values 0:1:2:3:4:5* represent 
the number, p, of the anilide, toluidides, xylidides, and amino-vi- 
methyl, -tetramethyl, and -pentamethy] derivatives respectively. 

This series, R, comprises 1:3:6:6:3:1 compounds. The melting 
points of 36 of these 40 compounds have been actually determined, 
and are given in Table 1. 


TABLE 1. 


Formyl compounds. Acetyl compounds. 


Formanilide [0] ........... Acetanflide [0] ............++ of th 


Acetotoluidides. 


Formotoluidides. 


Pee eee eee eee eee eee eee eee eeeeeeeese 


eee eeeeweeereereeesseweesees BUD DP | bo & seesseseseses sareseeuwreesere 


_-__— 
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Formot: 
Formox, 
Formyla 
Formyla 
Formyla 


a 


see weeteeeeereeeererenenwe ees EUV PF | hd 0 EK soesenssscsssesessessessaes ces 
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Acetani]i 
Acetotoly 
Acetoxy]i 
Acetylam 
Acetylam: 
Acetylami 


es 


so that positions 1 and 5 are relatively ortho to the formyl or acetyl gruf 
respectively. 
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TABLE 1 (continued). 


Formyl compounds. 


Acetyl compounds. 


Formanilide [0] 


Acetanilide [0] 


Formylaminotrimethy]benzenes. 


Acetylaminotrimethylbenzenes. 


The first step in the investigation was to obtain such an arrangement 
of these 36 melting point values that certain regularities should appear, 

Averages D, and D, were found for the series R. 

The values D, of series R are obtained by adding all the melting 
point values of the compounds and dividing by the number of com- 
pounds, The values D, by adding the highest and lowest melting 
points and dividing by 2. It will be observed from Table 2, firstly, 


TABLE 2. 


Compounds, 


Ni. 


Dr». 


a 


= 


rec ci caaigaanewe 


ss Ss 
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that the differences between D, and D, are small, and secondly, that 
they differ but little from certain values, N, and N,, which are given 
and defined by the formule: 


= { 4.6’8(p + 2) for formyl compounds. 
1” | 4.6’8(p + 3) for acetyl * 

_ { 6’8(5p +7) for formyl compounds. 
i: 6’8(3p + 7) for acetyl e 


The values of N,, N,, D,, D,, are shown in Table 2, and the differ- 
ences N,—N,, D, -N,, D,- N,, D,-—D,, in Table 3. 


TABLE 3. 


l; 
Compounds, N,- 3. 
in 0ki66bsiiss0sc0s socscisdetes 6°8 
Formotoluidides ..................s.sc00 0 [] 
I oi cect sineennenenennnte 6°8 -1% -7°9 9 
Formylaminotrimethylbenzeues...... 13°6 
Formylaminotetramethylbenzenes .. 0°4 05 —19°9 -0°5 
Formylaminopentamethylbenzenes.. 7°2 
3 

Ne oscee oy coscenceasssteducdses “4 ‘ 0 
NNO 8 6.055.205 5 covecvesssbecs 27°2 —2°3 — 29°5 -03 
IID: cio ccricccasnnvacsqeosnapet 20°4 0°7 -19°7 1% 
Acetylaminotrimethylbenzenes ...... 13°6 
Acetylaminotetramethylbenzenes ... 6'8 16 —4°8 0°2 
Acetylaminopeutamethylbenzenes... 0 2°1 -2°1 0 

(1 

The melting points of the 36 compounds can be arranged in three 
primary classes (Table 4), and the third class again can be divided 
into 2 sub-classes. (2): 

The first class contains 6 formyl and 9 acetyl derivatives, the melt- 
ing points of which fall between the values N, and N,, or differ, at 
most, about 2° from them. 

The second class comprises 2 formyl and 4 acetyl compounds, the 3 
melting points of which are more than 2° higher than the values i P ¥ 
N, and N,. i 

The first of these compounds is p-acetotoluidide and all the others 
contain methyl groups substituted in the 1:5 positions. : 

In the third class are 10 formyl and 5 acetyl compounds: their [2:3 
melting points are more than 2° lower than indicated under N, and 
N,. Of these 15 compounds, 9 belong to the second sub-class, they As p 
contain methyl groups substituted in the 2:3 or 2: 4 positions. this cla; 

The melting points of formyl] derivatives differ more amongst them HF ang ace 


selves than do the melting points of acetyl derivatives, 
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Four compounds have very high melting points not differing more 
than 1° from 216°. 
TABLE 4. 


Ist Class. 
Formyl derivatives. 
[0] = 46°; [1:3] = 113°5°; [1:4] = 116°5°; [1:2:3:5] = 183° ; 
:2:4:5] = 164°; [1:2:3:4:5] = 216°5°. 


Acetyl derivatives. 


2nd Class, 
Formyl derivatives. 


{1:5] = 164°; [1:3:5] = 176° 


Acttyl derivatives. 


[3]=147° ; (1:5]=177°; [1:3:5]=216°5°; [1:2:3:5]=215°5° 


3rd Class. 
1st Sub-class. 
Formyl derivatives. 


[1]=58° ; [2]=fluid ; [3] =52°; [1 : 2]=103°5°. 


Acetyl derivatives. 
65°5°; [1 :3]=129°. 
2nd Sub-class. 


Formyl derivatives, 


= 76°5°; [1:2:4] = 98°; [2:3:4] = 985°; 
:2:3:4] = 143°5°. 


Acetyl derivatives. 
[2:3]=99°; [1:2:4]=126°; [1:2:3:4]=169° 


As previously mentioned, 36 only of the 40 possible compounds of 
this class have had their melting points determined. Both the formy)l- 
and acetyl-amino-1 :4:5- and 1:2: 3-trimethylbenzenes are missing. 
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The melting points of these substances can be approximately calcu- 
lated. The differences, D, —- N,, given in Table 3 are but small (with 
the exceptions of aniline and aminopentamethylbenzene, which give 
small differences D, — N,). 

It may, therefore, be pretty safely assumed that for the two missing 
substances these numbers would also be small. On this assumption, 
we may take the average of D, as 136° for formylaminotrimethy]- 
benzenes, and 170° for the corresponding acetyl compounds. For the 
formylaminotrimethylbenzenes, the average of D, may be taken as 5° 
higher than D,, so that D, may be about 141°. 

In Table 1, the lowest melting point of formylaminotrimethylbenzene 
is 98°. The 1:4:5-modification contains the 1 : 5-arrangement, and 
has, probably, the highest melting point ; we have 

[1:4:5]+98° 
2 

The mean value of D, for the formylaminotrimethylbenzenes is 136°, 
we have therefore : 
f1:3:5] + [2:3:5] + [1:2:4] + [1:4:5] + (1:2:3] + [2:3:4]= 

D, = 136°. 


Introducing the values from Table 1, 


176° + 120°5° + 98° __ + [1:2:3] + 985° _ 136°, 
from which we calculate for the 1:2:3-derivative the melting point 
135°. 

With the acetyl derivatives, the case is somewhat different : the one 
of constitution [1:3:5] has the highest melting: point of all, 216°, 
and the 1 : 2: 4-derivative the lowest, namely, 126°. 

D, does not affect the melting points of the 1:4:5- and the 
1:2:3-derivatives. Of these melting points, that of the 1 : 4: 5-com- 
pound is no doubt the higher, and the difference between them may be 
about 30°. [1:4:5] — [1: 2:3] = 30° 

By the formula 
[1:3:5] + [2:3:5] +[1:2:4] + [1:4:5] + [1:2:3]+[2:3:4]_ 

6 
D, = 170°. 


Introducing the values from Table 1, 


216-5° + 164° + 126°+(1:4:5]+[1:2: 3] + 164° _ 290 
&. i _ 170° 


=D,=141° and [1:4:5]=184°. 


1:4:5]/=190°. 
therefore (1:4:5]+[1:2:3]=350° agli eee 
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It will be seen from Table 1 that the melting points of the acetyl 
derivatives are higher than those of the correspondivg formyl com- 
pounds, This is more clearly shown in Table 5. 


TABLE 5, 
Constitu- | Formyl com-| Acetyl com- . 
Bases tion. en tty pound. Difference. 
ID cuss vséstnevdaeruy el — 46° 118—114° 67° 
ETNA, ois scoadagagupotasbars 58 107 49 
i Stié sou Syboseamee cen eeniea 2 liquid 65°5 
SS  catea dy aan 3 52 147 95 
SUID 0. sesncncpacabeaacober 1:2 103°5 134 30°5 
99 tReet ewe ee eeeeeeeeenes 2:3 68 99 31 
ME sccaedevaee peodakoenneey 1:5 164 177 13 
Serre 1:3 113°5 129 13°5 
St. easiidnnpeltpaians aman 2:4 76°5 142°5 66 
TE es PE as 2 1:4 116°5 138°5 22 
Aminotrimethylbenzene 1:3:5 176 216°5 40°5 
a ‘i 2:3:5 120°5 164 43°5 
“A ne 1:2:4 98 126 28 , 
es wa 1:4:5 184 190 6 
a ss 1:2:3 135 160 25 
ie a tog 2:3:4 98°5 164°5 66 
Aminotetramethylbenzene | 1:2:3:4 143°5 169 25°5 
3 ae 1:2:38:5 183 215°5 82°5 
vi 1:2:4:5 164 192 28 
Aminopentamethylbenzene |1:2:3:4:5 216°5 215°5 -I 


ERLANGEN. 


CXV.—The combined Action of Diastase and Yeast on 
Starch-granules. 


By Grorce Harris Morris, Ph.D., B.Sc. 


Ir has long been known that when starch conversions, containing 
high type malto-dextrins or the so-called stable dextrin, are acted on 
by yeast in the presence of diastase, the action is very greatly in excess 
of that produced by either yeast or diastase acting separately ; in fact, 
the so-called stable dextrin, which is not acted on either by yeast or by 
diastase under ordinary conditions, may be completely fermented by 
yeast in the presence of active diastase. 

Some experiments described a few years ago by J. Vuylsteke (Bull. 
Acad. roy. Belgique, 1892, [iii], 24, 577), in which he showed that 
certain starches, in the solid state, might be fermented by yeast in the 
presence of malt extract, led me to examine the question whether, in 
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this case also, the combined action of yeast and diastase exceeded that yes 
of either when acting alone. the 
To this end, 100 grams of barley-starch were digested with 50 c.c. of per 
normal cold water malt extract and 250 c.c. of water, with constant 06: 
agitation in a Dunstan’s laboratory shaking machine. Side by side this 
with this, the same quantities of starch, malt-extract, and water were spec 
digested with the addition of 10 grams of washed and pressed yeast, soli 
the gas evolved being passed through a small wash-bottle. At the end of f 
of 72 hours the two experiments were stopped, in the first the residual dire 
starch was filtered off, and the specific gravity, the optical rotation, and may 
the cupric reducing power of the filtrate determined in the usual way ; or 4 
in the second, the residual starch and yeast were also removed by had 
filtration, the alcohol in the filtrate determined by distillation, and the TI 
specific gravity, the optical rotation, and the cupric reducing power the 
determined in the residue after making up to the original volume, being 
The results obtained were* : It 
remo’ 

(a) Barley-starch with malt-extract alone. = 

TIES BRAGS 0.0.0 00000 000scdeise: donnrdabibiabooseee 1021°6. this, 
Optical activity in 100 mm. tube.............00+++ 20°7 divisions, hes 
Cupric reducing power on 100 €.¢. ..........+0+0 6°198 grams CuO. the di 

In. 

(b) Barley-starch with malt-extract and yeast. shakey 

Alcohol per 100 C.c. .........sccvescceccecseces « ose 7°95 grams. rtp 
Specific gravity of residue .........sseeeeseeeeeees 1007°27. reek 
Optical activity in 100 mm. tube...............++. 2°4 divisions. @ the 
Cupric reducing power on 100 €.c. ......44 seeeee 0°8624 gram Ou0. Pan 
Control experiments were made in each case with malt-extract alone, @ in the 
and the above numbers are corrected for the results so obtained. 20 gray 
When the excess specific gravity of the filtrate in (a) is divided by extract 
3-934, the divisor for maltose at this density, it is found that the solid BF wnt 5 
matter in solution per 100 cc. is 5-490 grams; calculated from the being 
optical activity, the quantity per 100 c.c. is 5-201 grams, and from the I ing tub 
cupric reducing power, 4°608 grams per 100 c.c, These numbers af Hof that 
sufficiently close to allow of the conclusion that the substance 2 B® found ¢ 
solution is maltose, and on the basis of the specific gravity, we find Was exa 
that 16470 grams have gone into solution in the 92 hours. This HF the dial 
corresponds to the dissolution of 15-6 per cent. of the starch i. surroun, 
In the second experiment (b) in which diastase (malt-extract) 404 Hi al) dug , 

* For a description of the methods used, see ‘‘ Experimental methods employed It the 
in the examination of the products of Starch-hydrolysis by Diastase” (Browt, a 
iv 


Morris, and Millar, Trans., 1897, 71, 72—108). 


~ 
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yeast were allowed to act conjointly, the amount of alcohol formed by 
the fermentation corresponds to 15:437 grams of maltose fermented 
per 100 c.c., and the cupric reducing power of the residue to a further - 
0624 gram of maltose per 100 c¢.c.; the optical activity required by 
this amount of maltose is 2°48 divisions, against 2°4 observed. The 
specific gravity of the residue indicates the presence of 1°85 grams of 
solid matter per 100 c.c., but as this includes the non-volatile products 
of fermentation it does not correctly represent the soluble products 
directly derived from the starch. The soluble products in this case 
may therefore be taken as 15-437 +0°624=16°061 grams per 100 c.c., 
or 48°183 grams in all. This means that 45°6 per cent. of the starch 
had been decomposed. 

There was therefore a greatly increased action of the diastase in 
the presence of yeast, the quantity of starch which went into solution 
being nearly three times the amount dissolved by the diastase alone. 

It appeared possible that this increased action might be due to the 
removal by fermentation of the soluble starch-products first formed by 
the action of the diastase on the starch-granules, thus allowing the 
enzyme to act more freely on the remaining granules. Opposed to 
this, however, was the consideration that the alcohol formed during 
fermentation would probably exercise as great a retarding influence on 
the diastase as would the soluble starch-products. 

In order to examine this possibility, 10 grams of barley-starch were 
shaken with 25 c.c. of cold water malt-extract and 100 c.c. of water, 
side by side with similar quantities of starch and malt-extract, but 
with the addition of 100 c.c. of a solution of starch-products in place 
of the water. After 24 hours, both mixtures were filtered and ex- 
amined as described above. It was found that there was only a 
difference of 0°24 gram per 100 c.c. in the quantity of starch dissolved 
inthe two experiments. This point was further tested by taking 
2) grams of barley-starch, mixing it with 50 c.c. of cold water malt- 
extract and 200 c.c. of water, and solidifying the whole with 3 per 
cut. of gelatin. The mixture was divided into two portions, one 
being allowed to stand for 24 hours, and the other placed in a dialys- 
ing tube, surrounded with distilled water, for 24 hours. At the end 
of that time, the two experiments were examined as before, and it was 
found that the amount of substance dissolved in the first experiment 
Was exactly the same as the sum of the soluble products remaining in 
the dialysing tube plus the maltose which had diffused into the water 
surrounding it. In the first, the density of the solution, after making 
alldue corrections, was 1010-0, in the second, 1010-1 (water = 1000). 

Itthen appeared desirable to ascertain (a) whether the presence of 
yeast, under conditions which prevented the exercise of its fer- 
uentative power, had. an effect similar to that which it exerted when 
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able to ferment the soluble products formed by the diastase, and (6) 
whether any increased activity was conferred on the diastase of the 
malt-extract by the vital activity of the yeast during fermentation, 

With this end in view, a series of three experiments was made, 
[In (1) 10 grams of barley-starch were digested with 25 c.c. of malt- 
extract, 100 c.c. of water, and 2 grams of washed and pressed yeast 
for 24 hours; in (2) the same quantities of starch, malt-extract, yeast, 
and water were digested in the shaking machine for 24 hours in the 
presence of a small quantity of chloroform, in order to check the 
fermentative activity of the yeast ; and in (3) 25 c.c. of malt-extract 
were mixed with 100 c.c. of water and 2 grams of yeast and allowed 
to stand until the fermentation was complete. The liquid was then 
filtered, and the clear filtrate digested with 10 grams of starch in the 
shaking machine for 24 hours. 

After each experiment had proceeded for 24 hours, the residual 
starch was filtered off, and the filtrates examined as described above. 
In (1) and (3) the “ original gravities” * were determined and com- 
pared with the specific gravity of the solution in (2). The results 
were as follows : 


(1) “ Original gravity ” 1019-34 
(2) Specific gravity ............... 1005-29 
(3) “ Original gravity” . 1006-50 


These experiments show that neither the presence of non-fermentative 
yeast-cells nor the influence of fermentation on the diastase of the 
malt-extract had the effect of bringing about the dissolution of the 
same amount of starch as had the combined action of malt-extract 
and active yeast. 

In all these experiments, the matter in solution, or remaining in 
solution unfermented, had an optical activity and cupric reducing 
power corresponding to the presence of maltose only. 

A furthur experiment was made to determine whether agitation 
alone had any influence on the action of diastase on starch-conversion 
products. For this purpose, a solution of transformation products of 
high rotatory power was made by converting a starch paste with 
malt-extract in the usual way. After boiling and filtering the solution, 
it was divided into two portions, to each of which 5 c.c. of cold water 
malt-extract per 100 c.c. were added. One portion was shaken for 24 
hours, the second was allowed to stand without agitation for the same 
period. The solutions were then analysed, and found to be identical 


* It is more convenient to express the matter dissolved in this way, since the 
alcohol, &c., produced by the fermentation of the malt-extract itself can be more 
easily corrected for 
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incomposition. Agitation, therefore, is without any influence on the 
action of diastase. 

Finally, the action of precipitated diastase was compared with that of 
malt-extract. 

The experiments were carried out precisely as those first described, 
with the exception that 50 c.c. of a solution of diastase (containing 0-1 
gram of precipitated diastase) were used in place of cold water malt- 
extract. In the experiment with diastase alone, the quantity of matter 
which went into solution in 24 hours was comparatively small, 
amounting only to 0°402 gram per 100 c.c., but when the diastase 
and yeast acted together, the quantity dissolved was 2°37 grams per 
100 c.c., and of this 1°59 grams were fermented. There is therefore 

‘a still more marked difference between the action of precipitated 
diastase alone and that of diastase plus yeast, than in the corre- 
sponding experiments where cold water malt-extract was employed, 
although in neither instance is the action so considerable or so rapid. 

The analysis of the matter which went into solution under the 
action of diastase and of that which remained unfermented points to 
it being a mixture of maltose and dextrin, and not maltose only, as is 
the case when malt-extract is employed. 

Only those starches, the granules of which are attacked by diastase 
in the cold, undergo fermentation in the presence of diastase and 
active yeast; thus potato starch, the granules of which are not 
attacked or dissolved by malt-extract alone, remains absolutely un- - 
touched by malt-extract and yeast when acting together. 


The foregoing results are especially interesting in view of the 
attention which has of late been given to instances of so-called sym- 
biotic action between moulds and yeasts, the chief action of the 
former being apparently to secrete diastase and degrade the starch or 
starch-products to fermentable sugars which can then be attacked by 
the yeast. It would appear, however, that there exists an action 
closely analogous to symbiosis between an unorganised and an organised 
ferment, and it may be doubted whether the fermentations in which 
moulds and yeasts are concerned are really instances of true symbiosis, 
since the former can be replaced by an enzyme with the production of 
the same result. 
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CXVI.—Action of Bromine on the Three Tolueneaz- 
phenols. 


By J. T. Hewirr and Joun N. Terver. 


Tue action of substituting agents on oxyazo-compounds has been 
studied somewhat extensively by one of the authors of this commuii- 
cation and his co-workers. 1t has been generally found that towards 
dilute nitric acid and bromine (in presence of sodium acetate) these sub- 
stances behave as true hydroxy! derivatives of azo-substances and not 

as the tautomeric quinonehydrazones. Whilst, however, the behaviour 

towards warm dilute nitric acid has been examined, not only in the 
case of benzeneazophenol itself (Trans., 1900, '77, 229), but also for 

three tolueneazophenols (Trans., 1901, '79, 155) and benzeneazosalicylic 

acid (Trans., 1901, '79, 49), no other p-hydroxyazo-compound has been 

studied with regard to its action on bromine.* It seemed, therefore, 

of some interest to examine other p-hydroxyazo-compounds, and for 

this purpose, the three tolueneazophenols were chosen, since their 

nitration had already been studied with the result that m-tolueneazo- 

phenol had been found to nitrate far less smoothly than its two 

isomerides, and, moreover, when m-tolueneazo-0-nitrophenol had been 

obtained, no means were devised of obtaining its acetyl and benzoy! 

derivatives, although ethyl might easily be introduced in place of hydro- 

gen. We found, however, that m-tolueneazodibromophenol not only 

furnished an ethyl ether but also was acetylated and benzoylated 

quite normally. 


o- Tolueneazodibromophenol. 


Ten grams of o-tolueneazophenol and 20 grams of fused sodium 
acetate were made into a paste with glacial acetic acid. The mixture 
was cooled to 10° and 16 grams of bromine, diluted with 40 grams 
glacial acetic acid, were slowly added. The dibromo-derivative separated 
in a crystalline condition, and after a further recrystallisation from 
boiling glacial acetic acid, it formed yellow needles melting at 121’ 
(corr.). 


01530 gave 0°2351 CO, and 00391 H,O. C=41:90; H=264. 
C,,H,,ON,Br, requires C= 42°16 ; H = 2°72 per cent. 
The substance is very soluble in acetone ; fairly so in aniline, beo 


ene, nitrobenzene, ethyl acetate, or ethyl ether ; sparingly so in carb 
disulphide and chloroform, and nearly insoluble in light petroleum. 


* Benzeneazo-p-cresol (Hewitt and Phillips, Trans., 1901, 79, 160) belong 
course to the ortho-series. 
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The two bromine atoms enter the phenol nucleus, since on reduction 
with tin and hydrochloric acid, o-toluidine is obtained. The presence of 
the latter was rendered certain by making the reduction product alka- 
line, blowing steam through the liquid, and shaking the distillate with 
sodium hydroxide and benzoyl! chloride. The benzoyl derivative which 
separated melted at 139° (uncorr.) after recrystallisation from benzene. 
Ethyl Ether— A solution of 0-2 gram of sodium in 10 ¢.c. of absolute 
alcohol was heated with 3 grams of the dibromoazophenol and 1:2 
grams of ethyl bromide for 4 hours at 140°. The product was isolated 
in the usual manner and recrystallised from spirit ; it melted at 95°. 


00719 gave 0°0681 AgBr. Br-= 40°30. 
C,,H,,ON,Br, requires Br = 40°15 per cent. 


eee a 
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The substance, which forms orange plates, is very soluble in benzene, 
carbon disulphide, ether, or ethyl acetate ; fairly so in chloroform or 
light petroleum, and sparingly so in cold alcohol or acetic acid. 

Acetyl Derivative.—Prepared by heating with an equal weight of 
fused sodium acetate and five times the weight of acetic anhydride. 
Acetylation is complete after one hour at 100°. When recrystallised 
from glacial acetic acid, the substance forms orange needles melting 
at 153°. 


. 
ql 
0:0992 gave 00896 AgBr. Br= 38-43. ‘ 


veel f 
wy! C,,H,.0,N,Br, requires Br = 38°79 per cent. { 
rdro- 


It is very soluble in carbon disulphide or chloroform, fairly so in 
aniline, nitrobenzene, acetone, ethyl acetate, or ether, sparingly so in it 
benzene, and nearly insoluble in light petroleum, cold alcohol, -or 
cold acetic acid. 

Benzoyl Derivative.—Obtained by boiling with three times its weight 
of benzoyl chloride for 24 hours in a reflux apparatus. By pouring 
into excess of cold spirit, the substance is obtained crystalline, and 
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as al when once recrystallised from boiling spirit, in which it is very spar- 
ated ingly soluble, small, orange prisms, melting at 168°5°, are obtained. 
from It is fairly soluble in benzene, aniline, nitrobenzene, carbon disulphide, . 


or chloroform. . 


01754 gave 01399 AgBr. Br=33°94. 
C,»H,,0,N,Br, requires Br = 33°73 per cent. 


Tai i na 


m-Tolueneazodibromophenol. 


In the preparation of this substance, considerable care is necessary. 
If m-tolueneazophenol is merely ground up with fused sodium acetate 
and acetic acid and then brominated, the mixture becomes warm, con- 
siderable destruction of the azo-compound takes place, and bromine 
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derivatives of phenol are formed in considerable quantity. The desired 
dibromo-derivative may, however, be obtained in nearly quantitative 
yield, by dissolving 5 grams of m-tolueneazophenol in 150 c.c. of glacial 
acetic acid to which 10 grams of fused sodium acetate have been added, 
The solution is then carefully cooled to 0° and 8 grams of bromine 


diluted with 25 grams of glacial acetic acid added drop by drop, the phe 
mixture being vigorously stirred, since the bromination product crys- of | 
tallises out nearly completely during the process. Collected and alke 
recrystallised from glacial acetic acid, the product is obtained in yellow poit 
needles melting at 129°. t 
0°1417 gave 01442 AgBr. Br=43-00. - 
C,,H,,ON,Br, requires Br = 43°19 per cent. 0" 

The solubilities resemble those of the ortho-compound, but are some- 
what greater. The constitution of the substance was determined by Th 
reduction ; the product, after being rendered alkaline, was distilled j “"“ 
with steam, and the m-toluidine in the distillate detected by benzoyl jm *° 
ation. The benzoyl derivative was: free from halogen and melted at Th 
119° (121—122° corr.). melt 
The ethyl ether, prepared in the usual manner and recrystallised 01 

from spirit, forms yellow leaflets melting at 88°. The solubilities of 
the substance resemble those of the ortho-isomeride. The 
The acetyl derivative, when recrystallised from glacial acetic acid, pound 
forms orange needles of considerable brilliancy and melts at 118°. The 
0°1650 gave 10°3 c.c. moist nitrogen at 23° and 760 mm. N=7+04. & dissols 
C,;H,,.0,N,Br, requires N =6°81 per cent. 0-09 

It is very soluble in ethyl acetate, benzene, carbon disulphide, or 
chloroform ; fairly so in ether, and nearly insoluble in cold acetic gsi 
acid. coe isomer 

The benzoyl derivative separates from hot spirit, in which it is very 
sparingly soluble, as very small, pale yellow needles melting at 141°, Eas 

0°1865 gave 10:1 c.c. moist nitrogen at 22° and 752 mm. N=6'll. 

C,)H,,O,N,Br, requires N = 5-90 per cent. 
' The solubilities of the substance generally resemble those of the 
isomeric ortho-compound. 
Tol odibr henol. 

p-Tolueneazodibromopheno a 
This substance was prepared in exactly the same manner a8 tM thn ., 


corresponding derivative of o-tolueneazophenol. When recrystallised 
from glacial acetic acid, it forms dark yellow, shining needles melting 
at 137°. 
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01744 gave 11°7 c.c. moist nitrogen at 16° and 748 mm. N=7-67, 
C,,H,,0,N,Br, requires N = 7°58 per cent. - 


The solubility of the substance in the usual organic solvents is 
somewhat greater than that of the corresponding o-tolueneazodibromo- 
phenol. Complete reduction of the compound gave p-toluidine as one 
of the products. After the reduction mixture had been rendered 
alkaline, steam carried over a volatile base which had a melting 
point of 45°, and gave the usual tests for p-toluidine. 

The ethyl ether separates from spirit in shining, brownish-yellow 
needles melting at 95°. 


0:0984 gave 0°0927 AgBr. Br= 40-09. 
C,,H,,ON,Rr, requires N = 40°15, 

The substance dissolves readily or fairly easily in most organic sol- 
vents, but like its isomerides is sparingly soluble in cold alcohol or 
acetic acid. 

The acety? derivative crystallises from acetic acid in orange needles 
nelting at 148°, 


01020 gave 0:0942 AgBr. Br=39°31. 
C,,;H,,0.N,Br, requires Br = 38°79. 


The solubilities of the substance resemble those of the ortho-com- 
pound. 

The benzoyl derivative separates from boiling spirit, in which it 
dissolves only sparingly, as orange-yellow prisms melting at 114°. 


00996 gave 0°0790 AgBr. Br=33-75. 
C,.H,,0,N,Br, requires Br = 33°73. 
Again, the solubilities were found to agree closely with those of the 
isomeric ortho-compound. 
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CX VIL.—Mittrilosulphates. 


By Epwarp Divers and Tamemasa Haaa. 


NireiLosutpHates were discovered in 1845 by Fremy, who named 

thm sulphammonates. Their sulphonic constitution was made 

evident by Claus and Koch in 1869, and their nitrilic constitution by 

Berglund in 1875, when they received the name of nitrilosulphonates. 
Finally, Raschig rendered the constitution of these salts still more 
VOL, L¥ XIX. 4E 
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certain in 1887. These chemists, it should be mentioned, added 
nothing to the experimental facts concerning the nitrilosulphates 
which Fremy had made known, but Claus and Koch determined the 
nature of the ‘sulphazidates,’ salts derived from Fremy’s ‘ neutral 
sulphazotates’ by hydrolysis ; Raschig proved the constitution of the 
last-named salts, which by sulphonation become the sulphammonates, 
and Berglund established the constitution of the ‘ sulphamidates’ into 
which the sulphammonates are transformed by hydrolysis, all the 
experimental inter-connections of these salts, here relied on, having been 
ascertained by Fremy himself. The recognition of the constitution of 
the nitrilosulphates by Fremy was a moral impossibility, for their dis- 
covery had come, so to say, much before its time. 

Name.—The reason for the substitution of the name nitrilosulphates 
for that of nitrilosulphonates, chosen for these substances by Berglund, 
has been stated on a former occasion (Trans., 1896, 69, 1634). As 
nitriles they are sulphates—nitrilosulphates therefore. Suitable 
alternative names are aminetrisulphonates and trisulphamates. 

Preparation.—Ammonium nitrilosulphate, 4NH,,3S0,, cannot be 
obtained by the union of ammonia with sulphur trioxide, for that 
results in the production of the imidosulphates, which are not resolvable 
by heat into nitrilosulphate and ammonia, since the less ammoniated 
%-normal salt, instead of breaking up in this way, boils freely at about 
355° under reduced pressure, with very little decomposition and no 
production of nitrilosulphate (Trans., 1892,61, 947). Nitrilosulphates 
are only to be prepared by sulphonation of hydroximidosulphates. 
Fremy made known two ways in which this can be accomplished, of 
which, however, only one admits of general application. This is to 
treat the hydroximidosulphate with sulphur dioxide in presence of a 
base, a process which resolves itself in practice into treating the 
corresponding nitrite in this way, since the hydroximidosulphate 
has itself to be prepared by a similar sulphonation of the nitrite. The 
other way of preparing nitrilosulphates by sulphonation is to add a 
nitrite to an excess of solution of a pyrosulphite, when in the case of 
the potassium salt, the nearly insoluble nitrilosulphate soon separates. 
Other nitrilosulphates, being more soluble, can hardly be obtained 
directly in this way, but, as Fremy has shown, a solution of the am- 
monium salt thus prepared, very impure though it will be,‘can be made 
to yield potassium nitrilosulphate by double decomposition. 


Ammonium Salt. 


Nothing has been done concerning this interesting salt, 
N(SO,NH,),,2H,O, since Fremy described it, but as its existence has 
been ignored since the time of the publication of its discovery until 
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now, we hold it important to again introduce some account of it 
derived from Fremy’s memoir (Ann. Chim. Phys., 1845, [iii], 15, 408) 
into chemical literature. In presence of a large excess of ammonia, a 
concentrated solution of ammonium nitrite is submitted to the action 
ofa current of sulphur dioxide until abundant precipitation of crystals 
has occurred in the solution kept sufficiently cool. The washed and 
dried salt gave Fremy the following numbers on analysis, indicating 
the presence of one molecular proportion of water of crystallisation : 


Sulphur. Nitrogen. Hydrogen. 
29°45 17°18 4°29 
30°2 15°7 45 


Since the potassium nitrilosulphate contains 2 mols. of water, it is 
probable that the ammonium salt contains the same, and that when 
Fremy determined the sulphur the salt had, like the ‘sodium salt, lost 
wme of its water during its stay in the desiccator. We write, there- 
fore, the formula of the salt, N(SO,NH,),,2H,O. 

Ammonium nitrilosulphate separates in minute crystals which have 
oly a slight taste, and are somewhat sparingly soluble in water, but 
» much more so than the potassium salt that Fremy suggested that its 
slution might be used as a qualitative reagent for potassium salts. 
tis not volatilised by heat, but is decomposed into sulphate. It isa 
very unstable salt, being liable in the solid state to decompose (hydro- 
lyse) suddenly with a hissing sound, charring paper in contact with 
it. We have already announced (Trans., 1900, '7'7, 689) our success 
neonverting ammonium nitrite into hydroximidosulphate by a method 
of sulphonation which, carried farther, gave Fremy the nitrilosulphate. 

Ammonium nitrilosulphate has the interest attached to it of being 
me more compound of ammonia with sulphur trioxide to be added to 
hose recognised. There are six such compounds : 


(1) NH,280, HN(SO,H), 
(2) NH, SO, H,N SO,H 

(3) 4NH,380, N(SO,NH,), 
(4) 3NH,280, HN(SO,NH,), 
(5) 4NH,280, (NH,)N(SO,NH,), 
(6) 2NH,SO, = H,N 8O,NH, 


Of these, the second is amidosulphuric acid, and the sixth its ammon- 
im salt (Trans, 1896, 69, 1634); the first is imidosulphuric acid, 
hown only in unstable solution (Trans., 1892, 61, 945) ; the fourth is 
$ {normal ammonium salt (parasulphatammon of Rose); and the 
th, polymeric with the sixth, is its normal ammonium salt (sul- 
utawmon of Rose ; Trans., 1892, 61, 946) ; and the third is ammon- 
M1 uitrilosulphate here described. These six compounds can all be 
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derived the one from the other, backwards as well as forwards, except 
the nitrilosulphate, which cannot be reformed from the others although 
itself the most convenient source of them. Nitrilosulphuric acid would 
be the seventh of these compounds, heading the column as NH,,380,, 
if it could exist in the free state. 


Potassium Salt, 


The potassium salt, N(SO,K),,2H,0, is familiar to those who have bec 
occupied themselves with the study of Fremy’s sulphazotised salts, bay 
being one of the most insoluble of potassium salts, even more so than = 
the perchlorate (Fremy). It forms slender needles of pearly lustre, which 1 
in crystallising fill its mother liquor. The work of later investigators has eal 
added nothing to the account of it given by Fremy, except that the eal 
erystals are rhombic (Raschig and Fock).* His analyses gave results only 
which agree well with those calculated for the true composition of the salt, 
salt, though not with his own formula for it. By preference, he pre- inte 
pared it by passing sulphur dioxide into a solution, not too concen- om 
trated, of the nitrite and the hydroxide. With the neglect of details - 
characteristic of his celebrated memoir, he fails, however, to mention the orap 
essential potassium hydroxide. Probably, on account of this, later = 
workers have only made use of his other process, which consists in whic 
mixing solutions of the nitrite and pyrosulphite. : os 

Sodium Salt, N(SO,Na),,5H,0. — 
0 

A strong solution of sodium pyrosulphite poured upon solid sodium om 
nitrite furnished Raschig (Annalen, 1887, 241, 180, 229) with a useful after 
solution of the nitrilosulphate, although it contained much hydr water 
oximidosulphate, sulphite, and unchanged nitrite ; sodium hydroxide cate 
he represented also to be present, but that could not have been the case intern 
(Trans., 1900, '7'7, 675). We have found that instead of 3 mols. of pyr § y,,., 
sulphite, which was the quantity used by Raschig, to 2 mols. of nitrite, dioxid 
at least 4 mols. must be taken if most of the hydroximidosulphate is paper 
to be sulphonated.t By preparing from the carbonate (using thisin § }), 
hydrated crystals, along with only half its weight of water, and satur- acidity 
ating with sulphur dioxide) a fresh and pure solution of pyrosulphite § ,,,, 
as concentrated as possible, pouring this solution upon the nitrite dis ft), ;,. 

* Misled by the faulty translation in the Annalen (1845, 56, 342) of Fremy’s § Will ge 
paper, Claus and Koch supposed that he had said that red fumes were evolved when & of the 
the salt is heated. Fremy’s statement is that the salt does not evolve red fumes, yi) in 
which is correct. ; ; Withoy 

+ Claus and Koch found it best to take still more pyrosulphite when working a 
with the potassium salts (Annalen, 1869, 152, 336), and they were right, for in the noent 
case of that insoluble nitrilosulphate, great excess of sulphite did not matter ; here Solutior 
it does. salt by 
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solved in its own weight of water, 1 mol. of nitrite to every 2 mols, of’ 
carbonate taken, and shaking the flask in cold water for a short time 
to moderate the rise of temperature, a solution is obtained which will 
in an hour or two deposit a small quantity of sparkling crystals of the 
nitrilosulphate, and give a further amount when it is evaporated over 
sulphuric acid. The equation NaNO,+2Na,S,0,=N(SO,Na), + 

Na,SO, represents the change, but this would take many days to 
become complete, long before which time the nitrilosulphate would 
have all decomposed. In the mixed solution only a few hours old, 

some hydroximidosulphate, as well as nitrite, is still present. 

The only satisfactory method of preparing sodium nitrilosulphate is 
aslightly modified form of that employed by us to get the imido- 
sulphate (Trans., 1892, 61, 954). In that process, which is, after all, 
only a development of Fremy’s method of preparing the ammonium 
salt, the nitrilosulphate is prepared and at once allowed to hydrolyse 
into imidosulphate, whereas in the present case its hydrolysis is to he 
prevented. There, a moderately concentrated solution met the end in 
view, whilst here the greatest possible concentration is wanted, because 
evaporation of the solution afterwards, although sometimes successful, 
isa very uncertain operation, in consequence of the short existence 
which can be assured to the nitrilosulphate. A solution therefore is 
prepared of 2 mols. of nitrite to 3 mols. of carbonate, so concen- 
trated that the water is scarcely more than twice the weight of the 
anhydrous carbonate (for example, 10 grams of nitrite, 8°5 grams of 
hot water, and 62:2 grams of carbonate crystals). Sulphur dioxide is 
passed rapidly into the solution in a flask continuously shaken. When, 
after a time, the solution grows hot, the flask is immersed in coldi 
waier, and when it thickens, through temporary separation of acid 
carbonate, vigorous shaking of the flask is to be maintained without 
intermission, As the quantity of the acid carbonate suspended in the 
warm solution (50—60°) lessens, the rate of current of the sulphur 
dioxide should be reduced and the action of the solution upon litmus 
paper closely watched. At the moment the solution reddens the litmus, 
the entrance of more sulphur dioxide must be stopped, for should 
acidity to lacmoid paper also be reached, through the addition of much 
more sulphur dioxide, the nitrilosulphate will at once hydrolyse into 
the imidosulphate. During the final slow sulphonation, the solution 
will generally grow cold enough to begin to deposit small crystals 
of the nitrilosulphate, recognisable by their brilliant lustre; these 
Will increase largely in quantity at the temperature of the air. 
Without waiting too long, it is safer to add two or three drops of 
Concentrated solution of sodium hydroxide, sufficient to render the 
‘olution faintly alkaline to litmus. It is possible to get more of the 
salt by evaporating the mother liquor over sulphuric acid. 
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That the reaction proceeds sharply in accordance with the following 
equation, is known from the quantity of imidosulphate which such a 
solution can be made to furnish: 


2NaNO, + 3Na,0O, + 880, = 2N(SO,Na), + Na,S,0, + 3CO,. 


In consequence, however, of the great solubility of this nitrilosulphate, 
the crystals obtained amount to barely more than one-fifth of the total 
quantity ; still, even that is 120 per cent. of the weight of nitrite 
taken. The crystals hold 21°8 per cent. of water, or 5H,O. Of this 
quantity, it has twice been possible to remove 15:5 per cent. by expos- 
ing the salt in a vacuum over sulphuric acid, after which the salt has 
hydrolysed, and thereby fixed the rest of the water. The production 
of the unused pyrosulphite, shown in the above equation, is necessary 
for the safe and prompt sulphonatiox of all the hydroximidosulphate. 

Sodium nitrilosulphate crystallises in short, thick prisms which 
melt when heated and decompose in their water of crystallisation into 
sulphates. The crystals cannot be long preserved under any circum- 
stances, soon suffering decomposition and becoming opaque and acid, 
even in their own mother liquor after it has been made alkaline. That 
is, the sodium salt is more unstable than the potassium salt. It is 
neutral to litmus, and must be soluble in about its own weight of 
water, to judge from the amount of it left in the mother liquor in its 
preparation, although here, no doubt, the pyrosulphite also in solution 
will affect its degree of solubility. 

For analysis, it was drained on the tile after washing with a little 
strong ammonia-water, in which it is less soluble than in water. 
Partial water determinations have already been referred to. 

Sodium. Nitrogen. 
16°71 3°39 
16°54 _— 

-- 3°64 
16°68 _ 
— 3°45 
16°55 — 


Double Salts. 


Potassium Sodium Nitrilosulphate, N(SO,),K,Na.—Raschig obtained 
this salt by adding a solution of potassium chloride gradually to 4 © 
crade solution of sodium nitrilosulphate (p. 1096). We have obtained 
the same salt, which is like the sodium salt in appearance and like the : 
potassium salt in being nearly insoluble. According to Raschig, 
is anhydrous, and occurs either as a sparkling sand or in hard crystals 
the size of pinheads and of adamantine lustre. 
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Barium Salts.—By dissolving the sodium salt in a strong solution 
of barium chloride rendered faintly alkaline with ammonia, a flocculent 
precipitate is obtained which becomes dense and crystalline on stand- 
ing. It is sparingly soluble in water and very unstable. It probably 
contains sodium, but we have not analysed it. Fremy obtained barium 
ammonium and barium potassium salts, which he could only analyse 
imperfectly because of their instability. They resembled the barium 
sodium salt, and from the results of his analyses appear to have been 
two-thirds barium and one-third ammonium or potassium salt, with 
water of crystallisation. 

lead Salts.— According to Fremy, very unstable lead salts containing 
potassium or ammonium are obtainable. 


CXVII.—Ammonium and other Imidosulphites. 


By Epwarp Divers and Masataka Ogawa. 


Tue fact of the existence of ammonium imidosulphite as a product of 
the decomposition of the amidosulphite by very gentle heating, 
2NH,'80,,NH, = NH, + NH(SO,NH,),, was brought before a 
meeting of the Society last session (Proc., 1900, 16, 113). The present 
paper consists of a fuller account of this salt and other imidosulphites 
than could then be given. 

Ammonium amidosulphite, from which the imide salt is derived 
(Trans, 1900, '77, 327), is readily formed by the union of sulphur 
dioxide and ammonia, but is so unstable as to be largely decomposed 
by the unavoidable heating it suffers when these gases come together, 
unless cooled ether be used as their solvent. On keeping the dry salt 
ata temperature of about 35°, its decomposition goes on, and ammonia 
escapes for some hours. ‘There is left a mottled orange mass of waxy 
fp usistence already described in the earlier paper (Joc. cit., p. 333), which 
8 dificult to attack with solvents other than water, because it adheres 
very firmly to the vessel and must not be exposed to the air during 

‘atment. By protracted digestion with successive portions of 90 
per cent, spirit, aided by scraping witha pointed glass rod and vigorous 
aking, it can, however, be nearly all dissolved up, although only 
ery sparingly soluble. The first portions of the solution are coloured, 
nd contain a salt, the presence of which interferes with the prepara- 
on of the imidosulphite from them. The later colourless extracts 
eld the imidosulphite when they are evaporated in the vacuum desic- 
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_ eator, but not quite pure. Much better results are got by beginning 
the treatment with warm 95 per cent. spirit, used in successive por- 
tions, until the residue is a colourless powder, and only then resorting 
to the 90 per cent. spirit and carrying on the digestion at about 50°, 
The solution thus obtained deposits almost pure imidosulphite as it 
cools, and the mother liquor can be used with advantage again and 


again to dissolve out more of the salt, although in that case the crys- " 
tals which separate are somewhat impure. These can be purified by pa 
washing with absolute alcohol containing much ammonia to dissolve . 
out the foreign salt (more soluble in presence of ammonia), and then ys 
dissolving up in warm 90 per cent. spirit and recrystallising. The thio 
original mother liquor yields more imidosulphite, but impure, when it acid 
is either artificially cooled (as by ice and salt) or is evaporated in the tive 
desiccator. This impure salt can be purified in the way just described, fain 
All the ammonium imidosulphite is finally washed with ammoniacal with 
alcohol, drained on a porous tile under close cover, and dried ina 
desiccator over potash. The quantity of pure salt actually obtained in 2NI 
this way approaches that of a fourth only of the weight of decomposed inw 
amidosulphite taken, but the total production of imidosulphite will no Po 
doubt prove to be very much greater. the a 
Analysis.—The salt, 04240 gram, distilled with potash, yielded third: 
ammonia, 0°0817 gram, and then, after heating for some time in oxide 
tube with hydrochloric acid under pressure and again distilling with found 
potash, 0:03755 gram more ammonia. Simple distillation with potash ff salt q 
of 0°4912 gram of another portion of salt gave 0°0939 gram of am- § soluti 
monia, and then, after oxidation by means of bromine followed by to ai 
hydrochloric acid and potassium chlorate, 1°2886 grams of barium firmly 
sulphate. The calculated and found percentages are : aleohc 
Ammonia Imide Total possib 
nitrogen. nitrogen. nitrogen. Sulphur. salt, a: 
NH(SO,NH,),... 15°64 7°82 23°46 35°75 unlike 
es Aa 15°86 7°29 23°15 — soluble 
as Mh 15°74 _- — 36°02 the am 
. Bln the 
It will be seen that the analysis establishes, not only the compost sulphur 
tion of the salt to be 3NH,,2S0,, but also its imide constitution. and po 
Properties.—It occurs in minute, micaceous needles. Heated very results. 


slowly in a tube, it soon begins to decompose into volatile substances 
and a residue of sulphur, ammonium sulphate, and the 3 normal , 
ammonium imidosulphate, [NH(SO,NH,),]. Even when the temper 
ture is raised to 150°, no fusion takes place. The sublimates which 
form during the heating begin to appear at about: 80°, and consist 
apparently of ammonium pyrosulphite, [(NH,),8,0,],and the unchanged 
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imidosulphite, [(NH,),S,0,NH]. ‘The salt is inso 

in this respect is unlike ammonium amidosulphite, which is very 
soluble as ethyl ammoniumsulphite and ammonia. The salt is only 
moderately deliquescent and, freshly prepared, is neutral to litmus.* 
It has a mild, unpleasant, sulphurous taste, which distinguishes it 
from the salt occurring with it, more freely soluble than it in 95 per 
cent, spirit, and already referred to. 

It is freely soluble in water, but slowly decomposes into thiosulphate 
and amidosulphate. This change beginning at once, the solution 
gives all the reactions of a thiosulphate. It goes on also in presence 
of hydrochloric acid, which when hot hastens its completion. Barium 
thiosulphate has been prepared from the solution, and amidosulphuric 
acid and ammonium amidosulphate also obtained from it. Quantita- 
tive determinations of the sulphur, sulphur dioxide, and amidosulphate 
formed on boiling with hydrochloric acid gave results in agreement 
with the following equation : 


2NH(SO,NH,), + 2HCl = 2NH,‘SO,NH,+2NH,Cl + SO, + 8 


in which the SO, and 8 represent decomposed thiosulphuric anhydride. 

Potassium Imidosulphite.—It has already been stated when detailing 
the analysis of the ammonium salt, that that salt yields just two- 
thirds of its nitrogen as ammonia when boiled with potassium hydr- 
oxide in aqueous solution. In accordance with this fact, it has been 
found that potassium imidosulphite is obtained when, to the ammonium 
salt dissolved in 70 per cent. spirit, alcoholic potash is added until the 
solution just renders red litmus paper permanently blue on exposure 
to air. The salt soon separates as minute, micaceous crystals 
firmly adherent to the glass. After repeated washing with absolute 
alcohol, the salt has been found to remain alkaline to litmus, quite 
possibly, however, because of the presence of a trace of tripotassium 
salt, as happens in the case of imidosulphates. The imidosulphite 
unlike the corresponding potassium imidosulphate, NH(SO,K),, is very 
soluble in water, and its solution gives the imidosulphite reactions of 
theammonium salt. It has, too, the sulphurous taste of that salt. 
In the analysis, nitrogen was determined by the combustion method, 
sulphur by oxidation, as in the analysis of the ammonium salt, 


aca by ignition with sulphuric acid, with the following 
results ; 


- As first obtained by us last year and then described, the salt had an acid re- 
action and was exceedingly deliquescent ; but as it showed a deficiency in ammonia 
(22°2 instead of 23°5 per cent.), and as its potassium derivative was not acid, we 
sist indicated our expectation that when obtained in a purer state the salt would prove 
to differ somewhat in properties from what we had then found, 
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Potassium. Nitrogen. Sulphur. 
35°29 6°33 28°96 
35°17 6°74 28°88 

—_ 6:93 — 


Barium Ammonium Imidosulphite—When the orange mass of de 
composed amidosulphite is dissolved in water and mixed with baryta 
water in such quantity as to leave undecomposed some of the ammon- 
ium imidosulphite it contains, the filtered solution when concentrated 
in the desiccator deposits the double salt in minute, micaceous crystals 
Only barium and sulphur were determined. The results agree with 
those calculated for Ba(SO,NHSO,NH,),. 

Barium. Sulphur. 
29°85 27°89 
29°94 26:90 


In the Proceedings (1900, 16, 104), the existence of this salt was 
indicated, but by mistake it had been taken to be a salt of the acid 
N,H,8,0,, and was accordingly formulated as Ba(N,H,S,0,),,2H,0. 
It is soluble in water, and its solution behaves as that of an imido 
sulphite, being precipitable by baryta (N,H,S,O, salts are not), and 
besides at once gives off ammonia when moistened with potassium o 
barium hydroxide solution. 


The treatment of the orange mass of decomposed ammonium amido- 
sulphite with 95 per cent. spirit as a preliminary to dissolving out the 
main quantity of imidosulphite with 90 per cent. spirit, yields yelloy, 
alcoholic solutions, which on evaporation in the desiccator deposit crys 
tals which are short, thick prisms almost cubical in appearance and about 
2mm. across. They are thus quite unlike the minute, micaceous needles 
of ammonium imidosulphite. They are yellow, but the colour is advet- 
titious. They can be purified and rendered white by putting them 
into 95 per cent. spirit and then almost saturating this with ammouis 
while the containing flask is kept immersed in cold water. In this 
alcoholic ammonia, they are very sensibly soluble. The solution is 
decanted, and the treatment repeated until only a small quantity d 
white, powdery salt remains, principally imidosulphite. The solutio 
left for a while in open flasks, and then exposed in the desiccator ov 
sulphuric acid, lose most of the ammonia, and the crystals reform frum 
the solution, Washed with alcohol, they are left quite colour 
The mother liquors evaporated in the desiccator yield crude, ¥ 
crystals again, which can be recrystallised from alcoholic ammonia 
before. 

These crystals are recrystallisable without change, and have 


simil: 
near’; 
On ar 
have 
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McCRAE: ETHYL SEC.OCTYL TARTRATE, 1108 


been prepared by us in two successive winters, yet they give analytical 
results which are closely concordant with the remarkable empirical 
formula 4NH,,580, or N,H,.8,0, >. asi me 

41-24 

41:14 

40°02 

41:02 


” 
9 


” ”? 


These crystals are neutral and have a bitter taste, not a sulphurous 
one. They are freely soluble in water, and very deliquescent. The 
solution is unstable, and in some of its reactions greatly resembles 
that of ammonium imidosulphite. With potassium hydroxide, the 
salt evolves ammonia at once, but analyses of potassium salts pre- 
pared from it in 70 per cent. alcoholic solution have given discordant 
results, A striking difference from an imidosulphite is that its fresh 
solution gives no barium precipitate, even in presence of ammonia, 
Also that in freshly prepared solution, it does not decolorise iodine 
solution, and only slowly decolorises cold acid permanganate. It also 
does not give the ferric chloride coloration of a thiosulphate, which 
the imidosulphite does give. Its solution becomes very acid after a 
time, and then smells much more strongly of suphur dioxide than a 
similar solution of imidosulphite. The crystalline matter having 
nearly the composition expressed by 9NH,8SO,, mentioned in our paper 
on ammonium amidosulphite (Trans., 1900, ‘77, 334) we believe to 
have been the present salt mixed with imidosulphite and amido- 
sulphate. On a future occasion, we hope to be in a position to report 
upon the constitution of the substance we have here described. 


CXIX.— Ethyl sec.Octyl Tartrate and its Dibenzoyl and 
Diacetyl Derivatives. 


By Jonn McCraz, 


Durina the course of an investigation of the monoacyl derivatives of 
tartaric esters (Frankland and McCrae, Trans., 1898, '73, 307), it was 
found that, no matter how large an excess of methyl tartrate was taken, 
the action of an acid chloride on it always led to the formation of a 
very large proportion of the diacyl compound. With diethyl tartrate, 
however, it was possible by using an excess of the ester to prevent the 
formation of the diacyl derivative, and so obtain the monoacyl com- 
pound. In order to ascertain whether it would be easily possible to 
4F2 
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prepare monoacy] derivatives of a tartaric ester containing an alkyl al 
group high in the series, the following investigation was undertaken. be 
It was originally intended to prepare dioctyl tartrate and investigate oe 
the action of acid chlorides on it, but early in the course of the work ha 
an easy method of obtaining ethyl octyl tartrate was discovered, and, ta 
so far, only this and its diacyl products have been examined. The acl 
work is being carried further, in order to realise the original tre 
intention. wi 
The results obtained do not indicate that the introduction of the 
octyl group in place of the ethyl exerts any retarding influence on the 
production of diacyl derivatives. 
For the purpose of obtaining a tartaric ester with an alkyl group 
of high molecular weight, the most suitable alcohol to use appeared t 
to be octyl alcohol. sec.Octyl alcohol (methyl-n-hexylcarbinol) is a ale 
commercial article, and was adopted in the experiments, When the cole 
work was started, the results of Marckwald and McKenzie (Ber., und 
1901, 34, 469) had not been published, and it was believed that this the 
alcohol was a homogeneous material. Marckwald and McKenzie have till 
shown that the substance is not pure, but consists of a mixture of a bet 
levorotatory and an inactive compound. Until the active component boil 
present in the octyl alcohol is more definitely characterised, it would & is 
be superfluous to enter into a discussion of the possible isomerides tlle 
which may be formed from a combination of the two active com- tarta 
pounds. 7 
As the octyl alcohol used throughout has been of the same compo- _ 
sition, the results obtained for the different compounds are strictly lime 
comparable with each other (Landolt, “ Optical Activity and Chemical phur 
Composition,” p. 121). . 
Ex PERIMENTAL. hot a 
The octyl alcohol was obtained from Kahlbaum, and had the same Soy 
rotation as that employed by Marckwald and McKenzie, namely, rotat: 
ay= —17' (t=4) (compare also Patterson, this vol., p. 490). (l=4 
Fifteen grams of dried tartaric acid were heated in a sealed tube There 
with 60 grams of distilled octyl alcohol for 3 days at 140—160° On 8 
distilling the mixture under diminished pressure, the excess of alcohol Sah 
and the water passed over at a comparatively low temperature, and at Marel 
220—240°, under 15 mm. pressure, a substance distilled which was Va 
probably dioctyl tartrate. Much decomposition took place, and the ais 
yield was véry poor. Iti 
On account of the insolubility of tartaric acid in octyl alcohol, the 
hydrochloric acid method could not be used directly. ni 


Purdie and Marshall (Trans., 1888, 58, 391) have shown that it is 
possible to transform one ester into another by the action of an 
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alcohol, and it was thought possible that such a transformation might 
be effected if a tartaric ester could be obtained which is soluble in 
octyl alcohol. Meanwhile, Patterson and Dickinson (this vol., p. 280) 
had proved that a reciprocal transformation of methyl and ethyl 
tartrates is possible with ethyl and methyl alcohols and hydrochloric 
acid. This method was tried, and it has been found that after a single 
treatment of ethyl tartrate and octyl alcohol in proper proportions 
with hydrochloric acid, pure ethyl octyl tartrate can be produced. 


Ethyl Octyl Tartrate. 


Fifty grams of diethyl tartrate are dissolved in 200 grams of octyl 
alcohol and the solution saturated with dry hydrochloric acid in the 
cold, After standing for 24 hours, the hydrochloric acid is extracted 
under diminished pressure and the water and ethyl alcohol, as well as 
the excess of octyl alcohol, are distilled off. The residue is then dis- 
tilled, still under diminished pressure, and the fraction passing over 
between 170° and 205° under 15 mm. pressure is collected. As the 
boiling points of diethyl and ethyl octyl tartrates do not lie far apart, 
it is not easy to separate them by fractional distillation, and the dis- 
tillate thus obtained constantly contains some unchanged diethyl 
tartrate. This is best got rid of by shaking with water, which dis- 
solves (and hydrolyses) the ethyl compound, but does not dissolve or 
decompose the ethyl octyl derivative. After washing three or four 
times with water, the oil is dried as completely as possible over sul- 
phuric acid in a vacuum. It is then distilled under diminished pres- 
sure once or twice (b. p. 200—202° under 15 mm. pressure), or until 
the rotation is constant. It was generally found that the rotation did 
not alter after two distillations. 

In one preparation, some of the excess of octyl alcohol which had 
been distilled off was washed with water, then redistilled, and the 
rotation of the fraction boiling at 178° was found to be ap= - 18’ 
('=4),as compared with ap= -—17’ found for the original alcohol. 
There is here no evidence of a variation in the rate of esterification of 
the constituents of the alcohol, but it must be remembered that the 
process was carried out very differently from the method used by 
Marckwald and McKenzie. 

Various preparations of ethyl octyl tartrate gave the same rotation, 
namely, + 5°22’ in a 66-04 mm. tube at 16°. 

It is a viscous, colourless oil with a decidedly rancid odour. 


0'1940 gave 0:4108 CO, and 0°1548 H,O. C=57:75 ; H=9-07, 
01195 ,, 0°2537 CO, , 0°0950 H,O. C=57:90; H=883. 
C,,H,,0, requires C=57:93 ; H=8-97 per cent. ; 
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A determination of the ethoxy-group by Zeisel’s method gave the 
following result : 


0'1490 gave 0°1039 AgI. O,H,=8'61. 
C,,H,,0, requires C,H, = 10-00 per cent. 
The density and rotatory power were then determined at various 
temperatures, and the following numbers were obtained : 


d 15°/4°=1-0664.  d 30°/4°= 10533, od 45°/4° = 1-0402, 
d 60°/4°=1-0277. — d.79°8°/4°=1-0100. 


Rotation of ethyl octyl tartrate. 
(Length of polarimeter tube = 66°04 mm.) 


Temperature. 
e. 


| 
} 
| 


Observed 
rotation. 


+ 5°22’ 
5 29 
6 27 
6 56 
7 23 
7 41 
8 21 


Density at 
orn 


[a ]p. 


1°0655 
1°0608 
1°0433 
1°0360 
1°0259 
10177 
0°9937 


+7°63° 
7°83 
9°36 
10°13 
10°89 
11°43 
12°72 


Ethyl Octyl Dibenzoyltartrate, 


By heating together ethyl octyl tartrate and benzoyl chloride at 
100°, reaction took place—rather more sluggishly than with diethy! 
tartrate—and from the high negative rotation of the resulting pro- 
duct it was evident, in analogy with the high negative rotation of 
diethyl dibenzoyltartrate (Frankland and Wharton, Trans., 1896, 
69, 1586), that much diacyl ester was formed even when no excess 
of acid chloride was used. 

The monoacy] diethyl tartrates were obtained in the solid state, 
and could be separated from the diacyl derivatives by repeated 
crystallisation ; as no acyl derivative of ethyl octyl tartrate has 
been obtained in the solid state, and, further, as they seem to de 
compose on heating, so that they cannot be distilled, the task o 
separating the mono- from the di-acyl compound seemed hopeless 
and the preparation of the monoacy] derivatives was abandoned. 

As has been noticed, ethyl octyl dibenzoyltartrate is constantly 
formed when benzoyl chloride is treated with excess of ethyl octyl 
tartrate, and, on the other hand, the substance is not obtained putt 
even when a very large excess of acid chloride is used, on account 
of the incompleteness of the reaction, 
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The method which ultimately led to its isolation was as follows: 
One hundred grams of benzoyl chloride were heated under a reflux 
condenser in a water-bath, and 36 grams of ethyl octyl tartrate 
vere slowly dropped in with continual shaking. The heating was 
continued for 4 days, when no more hydrochloric acid was evolved. 
The product was washed with water, and then with sodium car- 
honate solution. Most of the benzoyl chloride was thus removed, 
but as this is not easily completely destroyed by water, it was 
found to be necessary to dissolve the oil in ether and shake the 
ethereal solution with sodium carbonate solution for 3 or 4 days, 
occasionally renewing the carbonate solution. The ethereal solution 
was separated, dried as completely as possible over ignited potassium 
carbonate, and, after filtering, the ether was distilled off. The last 
trace of ether was expelled by warming the ester in the steam-oven, 
then placing it in an exsiccator, and exhausting the air. A yellowish 
oil was thus obtained weighing 56 grams. The rotation of this at 
165° was found to be — 32°16’ in a 66 mm. tube. The substance is 
easily soluble in the common organic solvents ; it is quite insoluble in 
water, which appears to have no appreciable hydrolysing action on it. 
Heated in a vacuum, it undergoes decomposition, and benzoic acid 
(recognised by its melting point) was found in the distillate. 

For its purification, precipitation by water from an alcoholic solu- 
tion was adopted. The oil was dissolved in hot absolute alcohol and 
water was added until there was just a permanent opalescence at the 
high temperature. It is advisable not to boil the alcoholic solution, 
as an interchange of alkyl groups (ethyl for octyl) might possibly then 
take place, although this has not been actually observed, On cooling, 
the solution deposited an oil, the colour of which was not so intense 
as before. The oil was dissolved in ether, and the ethereal solution 
dried and treated as before. The rotation of the product had then 
risen to — 33°20’ at 15°5° in the same tube. After repeating this 
process of purification, the rotation had further increased to — 34°47’ 
at 15°5°, and the next purification led to the production of a substance 
With rotation - 35°55’ at 11° in the 66 mm. tube, after which the 
rotation was not sensibly altered by further treatment. 

The whole of the substance in the alcoholic solution was not 
pecipitated with water, and the various residues were combined and 
the whole separated by the addition of more water. The oil was 
extracted with ether, and after drying with ignited potassium carbon- 
tte and evaporating off the ether, the residue had a rotation 
of - 29°56’ in the 66 mm. tube at 14°. This oil probably consisted 
fér the most part of ethyl octyl dibenzoyltartrate, but whether the 
admixture was unchanged ethyl octyl tartrate or the monobenzoyl 
derivative (which presumably has a higher dextrorotation than the 


1108 McCRAE: ETHYL SEC.OCTYL TARTRATE AND ITS 


simple ester—see McCrae and Patterson, Trans., 1900, '7'7, 1107) was 
not determined. 

Another preparation had the same rotation. 

The compound has only been obtained as a clear, almost colourless, 
viscous oil, It was suspended in boiling liquid air and at once set to 
a hard, glassy mass which melted on regaining the ordinary tempera- 
ture. It has been kept for more than 6 months under water, but 
shows no sign of solidifying. 


0°2542 gave 0°6245 CO, and 0°1486 H,O. C=67:00; H=6:50. 
C.,H,,O, requires C=67°47 ; H=6°83 per cent. 


The influence of temperature on the density and on the rotation has 
been determined. 
The density observations actually made were : 


d 19°/4° = 1:0884, d 38°5°/4° = 1:0728. 
d 61°/4° = 1:0533. d 78°/4° = 1:0396. 


Rotation of ethyl octyl dibenzoyltartrate. 
(Length of polarimeter tube =66°04 mm.) 


Temperature. Observed Density at [a] 
e. rotation. t°. rial 


— 35°45’ 1°0956 — 49°41° 
— 35 19 1°0845 — 49°31 
— 34 50 1°0729 — 49°16 
— 34 20 1°0649 — 48°81 
-34 2 1°0595 — 48°64 
— 33 31 1°0488 _— 48°39 
— 3219 1°0386 — 47°12 
—31 27 1°0313 — 46°18 
—30 17 1°0220 — 44°88 


Ethyl Octyl Diacetyltartrate. 


Acetyl chloride reacts energetically on ethyl octyl tartrate, just 
as it does on diethyl tartrate. Diethyl monoacetyl tartrate is ex- 
tremely difficult to separate from the diacetyl derivative, in spite of 
the fact that the latter can easily be obtained in the solid form 
(McCrae and Patterson, Joc. cit.), As ethyl octyl diacetyltartrate has 
not been obtained in the solid state, it appeared at the outset a hope 
less task to try to prepare the monoacetyl derivative, and consequently 
no attempts have been made in this direction. 

To obtain the diacetyl compound, 30 grams of ethyl octyl tartrate 
were slowly run into 50 grams of acetyl chloride heated in a water 
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bath under a reflux condenser. The heating was continued until 
there was no further evolution of hydrochloric acid—which may 
require so long as 24 hours. The resulting product was poured into 
water and treated as described for the dibenzoyl compound. 

The oil produced in this way in one preparation had a rotation of 
+ 9°30’ in a 66 mm. tube at 14°. For the purification, the same 
method (separation from alcoholic solution by means of water) has 
been adopted as for the dibenzoyl derivative. After three separations 
it was found that the rotation was constant (ap = 2°58’, 1=0°66, 
t=20°5°). Another preparation had a rotation of 2°55’ at 20° in the 
same tube. 

Ethyl octyl diacetyltartrate is a clear, viscous oil with a very slight 
rancid odour. It cannot be distilled, as on heating much above 100° 
it undergoes decomposition. 


0:1772 gave 0°3728 CO, and 0:1148 H,O. C=57:38; H=7-20. 
C,,H,,0, requires C=57'75 ; H=8-02 per cent. 


The density and rotation have been determined at various tempera- 


d 18°1°/4° = 1°0554. d 31°5°/4° = 1°0429. 
d 49°2°/4° = 1:0271. d 70°5°/4° = 1:0071. 


Rotation of ethyl octyl diacetyltartrate. 
(Length of polarimeter tube=66°04 mm.) 


Observed Density at [a] 
rotation. e. Slo 


+ 2°56’ 1°0553 +4:20° 
314 1°0317 4°63 
3 36 1°0160 5°37 
414 0°9968 6°43 
4 41 0°9800 7°23 


Conclusions. 


From the results obtained with ethyl octyl tartrate, it is evident 
that the rotation increases with rise of temperature at about the same 
tate as that of diethyl tartrate does : 

[a], [aj 
Diethyl tartrate (Pictet) 766° . 13°29° 
Ethyl octyl tartrate 7°78 12°75 

If we compare the rotations of ethyl octyl tartrate and its deriva- 
tives with those of diethyl tartrate, we notice a striking similarity, in 
igreement with the rule suggested by Guye (Guye and Babel, Arch. 
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Sei. phys, nat. Geneva, 1899, iii, 7, 114; and Guye, this vol., p. 476), 
namely, that substitution effected sufficiently far removed from the 
asymmetric carbon atom scarcely modifies the rotatory power. 

Using the diethyl compounds as starting point, the following table 
shows that the replacement of a methylene hydrogen atom of one of 
the ethyl groups by n-hexyl gives rise to only a comparatively small 
change in the molecular rotation. 


(My [Mp 
Diethyl] tartrate* ...............se0cceee + 15°78° + 27°38° 
Ethyl octyl tartrate .........008 ss... + 22°55 +3717 

Diethyl diacetyltartrateT ........,..+.+. " 4-99 + 18°26 T 
Ethyl octyl diacetyltartrate............ + 15°80 + 27:04 na 
Diethyl dibenzoyltartratet ............ — 247:1 — 251°6 mn 
Ethyl octyl dibenzoyltartrate ......... -245'3 299° ’ 

The influence of temperature on the rotatory power of all these the 
compounds is the same, namely, with rise of temperature the dextro- in 
rotation increases (or the levorotation diminishes). is ¢ 
Frankland and Wharton (loc. cit.) have found that the levorota- ] 
tion of diethyl dibenzoyltartrate increases with rise of temperature up bee 
to a maximum reached at about 60°, and thereafter it progressively ben: 
decreases. Allowing, therefore, for this anomaly, the influence of proc 
temperature on diethyl dibenzoyltartrate is the same as on the other keer 
tartrates mentioned, although the two numbers given would appear to men: 
contradict this. No corresponding anomalous behaviour has been qT 
observed with ethyl octyl dibenzoyltartrate, but attention may be from 
directed to the observation that the rotation of both this and the 331) 
diacetyl derivative is considerably more affected by change of tempert- uci 
ture near 100° than it is at low temperature. same 
by H 

The expense incurred in the prosecution of this work has been then, 
defrayed by a grant from the Research Fund of the Chemical Society. carrie 
I desire here to acknowledge my indebtedness for this, and also to the pr 
express my thanks to Dr, Patterson for so kindly placing his Laurent The 
polarimeter at my disposal, are ve 
THE YORKSHIRE COLLEGE, se k 
LEEDS. indefir 
* Pictet, Jahresber., 1882, 856. +t McCrae and Patterson (Joc, cit.). Ity 
chlorir 


{ Frankland and Wharton (Joc, cit.). 
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(XX.—The Aluminium-Mercury Couple. Part III. 
Chlorination of Aromatic Hydrocarbons in pre- 
sence of the Couple. The Constitution of the 
Dichlorotoluenes. 


By Jutius B. Conen and Henry D. Daxrn, the Yorkshire College. 


Introduction. 


Tue readiness with which the aromatic hydrocarbons undergo bromi- 
nation in presence of the aluminium-mercury couple (Trans., 1899, '75, 
893) suggested a series of experiments on the chlorination of these 
hydrocarbons under similar conditions. 

By passing dry chlorine into benzene in presence of a fragment of 
the couple, chlorination proceeds actively, the liquid becoming darker 
in colour whilst torrents of hydrochloric acid are evolved. The couple 
is only slightly attacked. 

By interrupting the process when a certain increase in weight had 
been obtained, the different chlorination products from the monochloro- 
benzene to the hexachlorobenzene were, in turn, isolated. Where the 
products were solid, it was necessary to add carbon tetrachloride to 
keep the substance in solution during chlorination. Similar experi- 
ments were carried out with toluene. 

The systematic study of the action of chlorine on toluene dates 
from the year 1866, when Beilstein and Geitner (Annalen, 1866, 139, 
331) discovered the action of chlorine on hot and cold toluene in pro- 
ducing substitution in the side-chain or nucleus, and showed at the 
same time that by the use of iodine—a halogen carrier first employed 
by Hugo Miiller—substitution may be confined to the nucleus. Since 
then, the action of chlorine on toluene in presence of different “ halogen- 
carriers’’ has been repeatedly investigated with the object of orienting 
the products formed. 

The data which have thus been accumulated by different observers 
are very voluminous, but are so conflicting, that at the present time 
our knowledge of the products of this simple reaction is very 
indefinite, 

It was in attempting to collect evidence of the constitution of the 
chlorine derivatives of toluene by reference to the work of previous 
observers that we first realised its unsatisfactory character and deter- 
mined to make a complete study of the whole subject. 

The conflicting nature of the evidence will be readily understood 
from the following brief summary. 

Beilstein and Geitner (Joc. cit.) and Beilstein and Kuhlberg (Annalen, 
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1869, 150, 313; 152, 224) in their first papers describe only one 
monochlorotoluene, whilst Hiibner and Majert (Ber., 1873, 6, 790) 
announced the discovery of two, since identified as the ortho- and para- 
compounds. Beilstein and Kuhlberg (Annalen, 1869, 152, 224) found 
one dichlorotoluene, which on oxidation gave a dichlorobenzoic acid, 
m. p. 201—202°. Curiously enough they appear to have overlooked 
the existence of a second isomer, although they obtained from the 
mixture a dichlorobenzylidene dichloride, C,H,Cl,*CHCI,, which gave 
an aldehyde, and, on oxidation, an acid, m. p. 128°. 

Aronheim and Dietrich (Ber., 1875, 8, 1401), however, using 
molybdenum pentachloride as carrier, gave proofs of the existence of 
two dichlorotoluenes by separating the two dichlorobenzoic acids, 
m. p. 201° and 122°, by fractional crystallisation of the barium salts. 
This agrees substantially with the results of Beilstein and Kuhlberg. 
R. Schultz (Annalen, 1877, 187, 260) repeated the work of the pre- 
vious investigators, and by fractional crystallisation of the barium 
salts of the benzoic acids obtained compounds of the m. p. 201°, 126°, 
and 156°, and thus brought evidence of the existence of a third 
dichlorotoluene. The orientation of these compounds could only be 
determined with certainty after the pure dichlorobenzoic acids had 
been prepared. This work was carried out by Lellmann and Klotz 


(Annalen, 1885, 231, 308), who prepared four of the six isomers, the 
whole number being subsequently completed by Wynne and Greeves 


(Proc., 1895, 11, 151). As certain discrepancies appear in the results 
of various observers, we have also prepared the same series of acids 
and the combined results are tabulated below. 


Melting points of dichlorobenzoic acids. 


Other 


Lellmann and 
observers. 


Klotz. C. and D. 


Wynne. 


201 
182 


164° 
152 


163° 
159—160 
153 


139—140 


200—201 
182°5—183 


156° (Claus) * 
166° (Seelig) 
128° (Beilstein) 
126°5° (Schultz) 
132° (Claus) 


182° (Claus) 


* Claus and Bucher (Ber., 1887, 20, 1621) obtained this acid by the action of 
bleaching powder or potassium chlorate and hydrochloric acid upon benzoic acid. 
It was then converted into a dichlorobenzene which was identified as the ortho- 
compound. 


The melting points of Schultz’s three acids are in fair agreement with 
those of the 3:4-, 2:4-, and 2: 6-compounds, the only doubt existing 
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between the 2:3-and 2:4-compounds. But a later investigation of 
Seelig (Annalen, 1887, 237, 129) on the action of chlorine on toluene 
in presence of ferric chloride or molybdenum chloride has introduced 
new features into the problem. He gives evidence only of a 2: 4- and 
a 2:3-compound, no mention being made either of a 3:4- or a 2:6- 
compound. As this is much the most elaborate investigation on the 
subject, the evidence which he adduces may now be briefly reviewed. 

According to Seelig, the 2:3- and 2: 4-dichlorotoluenes which are 
formed may be separated by fractional crystallisation of their calcium 
sulphonates. 

Each dichlorotoluene forms a crystalline dinitro-derivative, the 
2:3-compound melting at 121° and the 2:4-compound melting at 
101—102°. 

Evidence of their constitution is.derived by Seelig from the follow- 
ing facts : 

(1.) The first products of chlorination consist of a mixture of ortho- 
and para-monochlorotoluenes. If either of these compounds is chlorin- 
ated, a mixture of the same two trichlorotoluenes results. Two of the 
chlorine atoms in these compounds will therefore be in positions 2: 4. 


The position of the third chlorine atom is determined as follows. 
Each of the trichlorotoluenes was converted into a dinitro-derivative, 
which was reduced to a diamino-compound. One of the. diamino- 
compounds when heated with acetic anhydride forms an anhydro-base, 
and therefore contains the two amino-groups in the ortho-position. 
The second diamino-compound, on oxidation, yields a quinone and 
consequently has the two amino-groups in the para-position. The two 
diaminotrichlorotoluenes will be represented thus : 


CH, CH, 


@: NH ol 
NH, Jl ci Ja 
~*~ 2 

ot ol 


that is to say, the trichlorotoluenes have the chlorine atoms in the 
2:3:4- and 2:4: 5-positions. 

This leaves a choice between the 2: 3- ; 2: 4-; 2:5-,and 3: 4-formule 
for the dichlorotoluenes. 

Now if ortho- and para-monochlorotoluene are chlorinated so as to 
form dichlorotoluenes, Seelig found that the ortho-compound yields 
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two, an a- and f-dichlorotoluene, whereas the para-compound yields 
only one, namely, the B-compound. The f-compound, since it is 
derived from both ortho- and para-monochlorotoluene, must have the 
2:4-formula, which Seelig confirmed by converting it into the 2:4 
dichlorobenzoic acid, m. p. 158°, obtained by Lellmann and Klotz 
(oc. cit.). The constitution of the a-compound must lie between the 
2:3- and 2:5-formula, since ‘it is obtained from the o-monochloro- 
toluene. The a-compound yields on oxidation a dichlorobenzoic acid, 
m. p. 166°. This does not agree with the melting point of the 2;5- 
compound which Lellmann and Klotz had previously ascertained to 
be 153°. Seelig therefore concludes that the second or a-dichloro- 
toluene has the 2 : 3-formula, 

Both Wynne and Armstrong throw doubt on this result. Wynne 
(Trans., 1892, 61, 1051) regards the evidence in favour of the 
2:3-formula as inconclusive, and from a comparison of the sodium 
and barium sulphonates considers the 2 ; 5-formula as more probable. 

Armstrong (Trans., 1892, 61, 1035) bases his objection on the 
analogy offered by the bromination products of toluene studied by 
Miller, and he also points to the 2: 5-formula as the more probable. 
Miller (Trans., 1892, 61, 1023) states, but on no visible grounds, that 
by brominating ortho-bromotoluene, 2 :5-dibromotoluene appeared as 
the chief and 2:4- as a subsidiary product, whilst from para-bromo- 
toluene he obtained 3:4- as the chief and 2:4- as the subsidiary 
product. 

On the other hand, contrary evidence is afforded by the work of 
Willgerodt and Salzmann (J. pr. Chem., 1889, [ii], 39, 465), who 
showed that by brominating o-chlorotoluene the bromine forms the 
2:4- and 2:6-compounds, whilst by chlorinating p-bromotoluene, 
chlorine forms the 2 ; 4- and 3: 4-compounds, no 2 : 5-compound being 
observed. Since then Claus and Stavenhagen (Annalen, 1892, 260, 
224) have found that by chlorinating o-chlorotoluene—one of the pro- 
ducts of the chlorination of toluene—two dichlorotoluenes are formed, 
which on oxidation give the 2: 4- and 2 : 6-dichlorobenzoic acids, from 
which it appears almost certain that 2 : 6-dichlorotoluene is one of the 
direct products of chlorination, a fact which is in agreement with the 
previous observation of Schultz and confirms that of Willgerodt and 
Salzmann. 

If we take the combined results of all these observers, we have 
more or less clear evidence of the existence of four dichlorotoluenes 
produced by chlorinating toluene in presence of molybdenum or ferric 
chloride: 2:3-, 2: 4-, 3:4-, 2:6-, and a suggestion unsupported by 
any evidence of a fifth, 2: 5-dichlorotoluene. No single observer has, 
however, succeeded in identifying more than three out of the fi 
isomers referred to. 
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The reason for these conflicting views is readily explained. In 
chlorinating toluene, a liquid mixture of dichlorotoluenes is formed, 
from which it is impossible to isolate the different constituents by any 
process of fractional distillation, seeing that their boiling points lie 
within a few degrees of each other. The only method which is avail- 
able is to convert the liquid into a solid derivative, of which the fol- 
lowing are most readily prepared: nitro- or dinitro-compound, sulphonic 
acid, its salts, chloride, amide, or anilide, or the corresponding benzoic 
acid, and to separate the products by fractional crystallisation. The 
melting point may then be determined, and the identity of the substance 
established by comparison with that of a pure product of known con- 
stitution. This method may lead to a form of error into which earlier 
investigators fell. Unless the whole material is investigated from 
start to finish, some of the products may escape observation. Thus, 
Beilstein and Kuhlberg carefully fractionated their crude dichloro- 
toluene until a constant boiling fraction was obtained. No doubt a 
portion of the products was thus eliminated at the outset. This frac- 
tion was oxidised, and the acid which first separated was recrystallised 
until it had a constant melting point, no other product being sought 
for in the mother liquor. Thus the acids which were discovered later 
by Schultz escaped observation. 

Seelig has committed errors of a much more serious kind, for he has, 
apparently, not only omitted to look for compounds obtained by 
previous observers, but has failed to compare some of his products 
with the pure substances of known constitution. To quote instances, 
no attempt was made to isolate the acid (m. p. 128°) obtained by 
Aronheim, and also by Schultz, and again, the dinitro-compound of 
m. p. 121° is assumed to be a derivative of the 2 : 3-dichlorotoluene, 
whereas if he had taken so elementary a precaution as to nitrate pure 
2; 3-dichlorotoluene, he would at once have convinced himself of his 
error, as this compound melts at 71—72°. 

The process of fractional crystallisation is also attended with diffi- 
culties, which are emphasised in the case of compounds possessing, like 
the derivatives of the dichlorotoluenes, not only similar chemical pro- 
Perties, but often nearly identical solubilities in various media. Thus 
We obtained a nearly constant melting fraction on repeatedly recrys- 
tallising some of the dinitro-derivatives, which subsequently proved to 
be a mixture, 

It is only by preparing a variety of derivatives from the liquid 
mixture that this difficulty may be overcome. A number of oppor- 
tunities is thereby offered to each isomer of establishing its identity 
by a distinctive property of one at least of its derivatives. 

In pursuing this idea, our research has necessitated the fractional 
crystallisation of certain of the nitro- and dinitro-derivatives, sulphonic 
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acids, chlorides, amides, and benzoic acids of the mixed dichlorotolu- 
enes, as well as the preparation of the pure substances for comparison, 

The latter are tabulated below, the table also including the results 
obtained by Wynne (Trans., 1892, 61, 1045). 


Melting points of the derivatives of the dichlorotoluenes. 


Sulphonic chlorides. Sulphonamides. 


Dinitro. 


C. and D. | Wynne. | C. and D, 


50°5—51°5 71—72 ii, 188 222 
104 177 176 
100—101 191 191—192 
121—122 204 204 
91°5—92°5 189 190—191 

99—100 168 168—169 


{ i. 221° 


We may sum up our results as follows: 

Using the aluminium-mercury couple as ‘carrier,’ we have established 
the presence of the 2:3-, 2:4-, 2:6-, and 3:4-compounds, and the 
probable existence of small quantities of the 2:5-compound. This is 
in substantial agreement with the products formed with molybdenum or 
ferric chloride as ‘carrier.’ In other words, four, and probably five, out 
of the possible six isomers are produced, the only compound of which 
we could find no trace being the 3:5-isomer. Their presence has been 
determined from the following evidence. 

We have taken as the starting point pure ortho- and para-mono 
chlorotoluene, which were known to form the first products of the 
chlorination of toluene, which we have confirmed by oxidising the 
mixture to the benzoic acids and separating the ortho- and pare 
compounds. 


Chlorination of Para-chlorotoluene. 


2 : 4-Dichlorotoluene.—Evidence of the presence of this compound 
was obtained by converting the mixture into the dinitro-derivative 
and fractional crystallisation. The dinitro-compound melting at 10% 
was isolated, which is identical with that obtained from the pure 2:4 
dichlorotoluene. On oxidation of the mixed dichlorotoluenes to the 
corresponding benzoic acids, and by fractional crystallisation of the 
barium salts, the benzoic acid, m. p. 159°, was obtained, corresponding 
to the 2: 4-benzoic acid. Also the sulphonic chloride, m. p. 70°, atl 
the sulphonamide, m. p. 176°, were prepared by sulphonation of the 
mixed dichlorotoluenes and fractional crystallisation. 
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3:4-Dichlorotoluene.—The dinitro-derivative, m. p. 90—92°, was 
separated from the mother liquors in the fractionation of the above 
2:4-dinitro-derivative. The corresponding benzoic acid was obtained 
from the crystallisation of the barium salts described above. It melted 
at 200—-201° in agreement with that of the pure 3 : 4-compound. 


Chlorination of Ortho-chlorotoluene. 


2:3-Dichlorotoluene.—The product of chlorination was sulphonated, 
the barium salt fractionated, and the sulphonamide which was obtained 
melted at 221°, in agreement with the pure compound. The mixed 
barium salts were then desulphonated, and the dichlorotoluenes con- 
verted into their dinitro-derivatives. By fractional crystallisation, a 
portion was separated having the m. p. 72°. 

2: 6-Dichlorotolwene.—From another fraction of the same mixture of 
dinitro-compounds, the compound melting at 121—122° was isolated, 
corresponding to the pure 2: 6-compound. The crude dichlorotoluene 
was also oxidised to the corresponding benzoic acid. On treating the 
mixed acids with methyl alcohol and hydrochloric acid in the cold, 
some free acid was isolated. According to Victor Meyer’s “ esterifica- 
tion law,” this should be a diortho-substituted acid, and the melting 
point, 137—139°, corresponds to that of the 2: 6-dichlorobenzoic 
acid. 

2: 4-Dichlorotoluene.—The portion unsulphonated with concentrated 
sulphuric acid was treated with fuming sulphuric acid, and the barium 
salts thus obtained were fractionated. One fraction was converted 
into the sulphonamide, m. p. 176°, which agrees with that of the pure 
compound. From the dinitro-derivatives, obtained by nitrating the ° 
mixture of chlorinated products, a compound melting at 103° was 
isolated. 

2 : 5-Dichlorotolwene.—The only evidence obtained of the presence of 
this compound was from the crude dichlorotoluene sulphonated with 
fuming sulphuric acid, from which the previous (2 : 4-) derivative was 
prepared. This was converted into the sulphonamide and fractionated. 
The first crop of crystals melted at 189—191°, which corresponds to 
the 2:5-compound. ‘The evidence is admittedly incomplete, and is 
due to the fact that none of the simple derivatives of the 2 : 5-com- 
pound show sufficiently marked characteristics to render them easy to 
identify. 

Chlorination of Meta-chlorotoluene. 


To make the series complete, we have included the chlorination of 
hlorotoluene within the scope of this research, a subject: which has 
hitherto not been investigated. 

2:5-Dichlorotolwene.—It was identified by the melting point, 
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100—101°, of the dinitro-compound, which was obtained by fractional 
crystallisation of the mixture of which it formed a large proportion, 
3:4-Dichlorotolwene.—This formed the only other constituent, and was 
identified by oxidising it to the benzoic acid, m. p. 200—201°, and by 
isolating from the mixed dinitro-compounds a portion melting at 92°, 
No trace of either the 2 : 3- or the 3: 5-compounds could be detected, 
The absence of the 3 : 5-compound would be anticipated from the well- 


known property of the chlorine atom to enter the ortho- or para- and 
not the meta-position to the methyl or halogen groups. But the ge 
reason for the absence of the 2: 3-compound is not so apparent, and W 
may be referred to space interference of the meta-groups, which is 
might prevent the introduction of the halogen between them. 
The unsatisfactory nature of the research on the bromination of 10 
toluene, to which reference has been made (p. 1114), has decided us as 
to repeat this investigation on similar lines to the present one, and be 
we have already made some progress in this direction. We are also ind 
completing the investigation of the trichlorotoluenes obtained by the dar 
chlorination of the dichlorotoluenes. pas 
See! 
req 

EXPERIMENTAL. was 
For purposes of reference, the experimental part has been divided adde 
into the following sections ; - 
EL CURE iate OE WORINNE obi. n. cee cccccste cece céverscceconsts solidi 
II, a DINED sul cicatapednensoouiiauemaaniecnsnee sae 1119 BF portic 
III. Preparation of the dichlorotoluenes and their derivatives 1:2; 
from ortho-, para-, and meta-chlorotoluene ................+. 112] @ oil w 
IV. Preparation of the six pure dichlorotoluenes and their Proba 
UNINC, 950.06: sicpsisibnswisbadepeton toneatged cdeomrasesiienes time 1127 Hea 
disso]; 
cre U-tub 

I. Chlorination of Benzene. time, 
Monochlorobenzene.—Chlorine washed and dried by concentrated MH became 
sulphuric acid was passed into benzene contained in a wash- bottle ME chloriq 
cooled in ice. Fifty grams of benzene, previously distilled over pe ‘¢ther ¢, 
were introduced into the wash-bottle, together with about 0°5 gram dl grams) 


the aluminium-mercury couple. On passing in the a 


benzene becomes first yellow, then rapidly turns dark violet, 
torrents of hydrochloric acid gas are evolved, the couple remailllt 
practically unattacked. "When the benzene had increased 13 gn 
in weight, the process was stopped. The liquid was then washed i 
caustic soda solution, dehydrated over calcium chloride, and fractions! 
with the following result : 
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Below 127° 
127—137 
137—160 

Above 160 


The amount of crude monochlorobenzene corresponds to about 70 
per cent. of the theoretical yield, 

Para-dichlorobenzene.—From the residue boiling above 160° a solid 
separated on cooling in ice and salt, which was drained and dried. It 
was recrystallised from dilute alcohol and melted at 54—56°, which 
is the melting point of p-dichlorobenzene. 

Tri-and Tetra-chlorobenzene.—Ten grams of crude chlorobenzene and 
10 grams of carbon tetrachloride were introduced into a U-tube with 
asmall piece of the couple and chlorine passed in. The liquid first 
became yellow, and then a more vigorous action occurred, which was 
indicated by a rise of temperature and a rapid change of colour to 
dark brown. This sudden change may possibly correspond to the 
passage from the additive to the substitution compound, referred to by 
Seelig in the case of toluene (Annalen, 1887, 237, 170). When the 
requisite amount of chlorine had been absorbed, the current of gas 
was stopped, and the mixture, to which a little more solvent was 
added to bring the solid into solution, was shaken with caustic 
soda, dehydrated, and distilled. 

The portion boiling at 130—230°, and amounting to 14 grams, 
solidified on cooling. It was drained and recrystallised. The greater 
portion (7 grams) melted at 138°, which corresponds with the 
1:2:4:5-compound. About half a gram melted at 127—130°. The 
oil which was drained off solidified in a freezing mixture, and is 
probably the 1 : 2: 4-trichlorobenzene, which melts at 16°. 

Hexachlorobenzene.—One gram of the pure tetrachlorobenzene was 
dissolved in 15 parts of carbon tetrachloride and introduced into a 
U-tube, with a fragment of the couple and chlorine passed in for some 
time. A vigorous reaction occurred, heat was evolved, and the liquid 
became dark violet. The product was washed, and the carbon tetra- 
chloride removed by distillation. The solid residue was washed with 
‘¢ther to remove yellow colouring matter. A theoretical yield (1°4 
grams) of hexachlorobenzene was obtained melting at 228—229°. 


II. Chlorination of Toluene. 


Monochlorotoluene.—Chlorine was passed into 62 grams of dry 
toluene in presence of the couple until an increase of 19°5 grams was 
ag The product was then washed, dried, and fractionated, as 
ollows : 
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Below 140° ............ 
140—163 © ............ 7 *s 
Abows B68 © wis. esses. 2 a 


The yield of crude chlorotoluene is about 80 per’ cent. of the 
theoretical. The larger portion was distilled with a Hempel column, 
and the following fractions were obtained : 


URN TI ce ccceesess 3°2 grams. 
130—150  .........44. 7 ra fo 
150—155 .......... 41 ra 
155—163 ............ . ti 
With the exception of about a gram, the large fraction boiled con- th 
stantly at 154—155°, and is therefore mainly o-chlorotoluene, b. p. 154°. Fr 
The para-compound, according to different observers, boils at 160° er 
and 163°. In order to identify the ortho-compound, it was oxidised to cal 
chlorobenzoic acid. Five grams of the chlorotoluene, 16 grams of 
potassium permanganate, and 210 c.c. of water were boiled together nae 
for 7 hours with a reflux condenser. Sulphur dioxide was then passed has 
into the liquid to dissolve the manganese dioxide and precipitate the : 
acid. The chlorobenzoic acid was then boiled with water, which obte 
left 0°7 gram undissolved. This residue melted at 235°, and was wan 
therefore p-chlorobenzoic acid (m. p. 236°). The solution deposited a 
2°8 grams of crystals which, after recrystallisation, meltedat 134—135, B°“ f 
corresponding to the melting point of the o-chlorobenzoic acid. The 
same process was repeated with a fraction boiling at 157—163°. This 
was much less readily oxidised, but eventually from 5 grams 2'6) 
grams of mixed acids were obtained, which were separated by hot Th 
water, and gave 0°9 gram of the ortho-compound melting at 132—134’, separ 
the remainder being the para-compound melting at 233—234°. The & tions 
mixture of crude monochlorotoluenes consists therefore of, approxi —% exact 
mately, 65 per cent. of ortho- and 35 per cent. of para-compound. @ which 
This agrees with Seelig’s results (Joe. cit.). Preset 
Dichlorotolwene.—Sixty grams of toluene were chlorinated % 
before until the increase in weight amounted to 36 grams. The I 
liquid was purified and fractionated, as follows : IL 
LOE viii dd 18°5 grams. Phi 
145—180 ............ i a 
180—210 oo... eo 4 The or 
Above 210 ..........4. pee ” 
The portion boiling below 180° was again chlorinated and distilled 
It gave : 
Below 180° ............ 12 grams. 


180—210 ............ 
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Thus 77 grams of crude dichlorotoluene were obtained from 60 
grams of toluene, corresponding to 74 per cent. of the theoretical 
yield. The 77 grams were refractionated. 


160—194° 
194—200 
Above 200 


The 22 grams, b. p. 160—194°, were subsequently re-chlorinated 
for the preparation of trichlorotoluene. 

An attempt was made to identify the dichlevetohnenes by oxida- 
tion to the corresponding acids with potassium permanganate, but 
the process gave a very unsatisfactory result and was abandoned. 
From 30 grams of crude dichlorotoluene, after boiling with 80 
grams of permanganate and 1200 c.c. of water for 7 days in a 
calcium chloride bath, only 3 grams of acid were obtained melting 
at 157—164°. A slight modification of this method, which was re- 
commended by Claus and Stavenhagen (Annalen, 1892, 269, 224), 
has not in any way helped to convince us of its efficacy (see p. 1132). 

Trichlorotoluene.—The 22 grams of liquid boiling at 160—194°, 
obtained as above described in the preparation of dichlorotoluene, 
were further chlorinated until there was an increase of 4°5 grams 
in weight. After the usual purification, the liquid was fractionated 
-48 follows : 

Below 220° 
220—240 
240—262 


The last two fractions solidified on cooling. Both portions were 
separately recrystallised from alcohol, and the two principal frac- 
tions which were obtained melted at 82° and 40—42°. This agrees 
exactly with Seelig’s melting points of the two trichlorotoluenes 
which he isolated. At least two trichlorotoluenes are therefore 
present. 


IIL. Dichlorotoluene and its Derivatives from Para-chlorotoluene. 


Sixty-one grams of p-chlorotoluene (b. p. 156—160°), prepared by 
Gattermann’s method from p-toluidine, were treated with chlorine in 
Presence of the couple, until an increase of 20 grams was obtained. 
The product was purified and distilled. 


Below 190° 
190—210 
210—230 

Above 230 
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The two intermediate fractions were redistilled. 


190—197° .........46 
197—205 .........4.. 


Nitration of the Mixed Dichlorotoluenes. 


Each of the above two fractions was nitrated as follows. 
Five grams of the dichlorotoluene were added in small quantities to 
a cooled mixture of 17 grams of concentrated sulphuric acid and 34 


grams of fuming nitric acid (sp. gr. 15). The mixture was kept col @ 
until all the dichlorotoluene had been added. It was then warmedon @ P 
the water-bath for about 15 minutes and poured on to crushed ice 
The solid was filtered, washed with water, and dried on a porous 
plate. 

The substance was fractionally crystallised from alcohol and from 
glacial acetic acid. Five grams of dichlorotoluene, boiling at 190—197, 
gave 5°4 grams of a dinitro-compound, of which 3°7 grams melted at 
102—103°, corresponding to the 2:4-compound. The remainder e 
melted indefinitely at about 80°, but by prolonged fractionation a 
small quantity of fine needles was obtained melting at 90—92°, which 
corresponds to the 3: 4-derivative. Six grams of the fraction boiling 
at 197—205° gave 7°7 grams of dinitro-compound, of which 4°] grams 
melted at 101—103°. The remainder melted at a lower temperature, 
and was probably a mixture of the 2: 4- and 3 : 4-derivatives, asin the T 
previous fraction. > 

Oxidation of the Mixed Dichlorotoluenes. 

Five grams of the dichlorotoluene were heated for 6 hours at Lf" 
in a sealed tube with a mixture of 13 cc. of concentrated nitric ac 
(sp. gr. 1°4) and 15 c.c. of water. The product was made alkaline Fi 
with caustic soda, and a trace of unoxidised substance removed by —@ nd | 
steam distillation. The mixed dichlorobenzoic acids were then prem 4 1( 
cipitated by the addition of hydrochloric acid. After filtration and # large 
washing, the benzoic acids were converted into their barium salts by ™® pure 
boiling the aqueous solution with a slight excess of baryta. The salts probl 
were repeatedly crystallised from hot water. The most insoluble 
barium salt, after three crystallisations, yielded a dichlorobenzoie ac 
melting at about 190°. The acid was then recrystallised four time I 
from dilute spirit, when it melted sharply at 200°, corresponding # dif 
the 3 :4-dichlorobenzoic acid. : 


The more soluble barium salt yielded an acid melting at about 16h 
On repeatedly crystallising, a pure product was isolated melting 
159°, corresponding to the 2 : 4-dichlorobenzoic acid. 
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Sulphonation of the Mixed Dichlorotolwenes. * 


Five grams of the dichlorotoluene mixture were sulphonated with 
fuming sulphuric acid and the sodium salt separated by pouring into 
brine, This was converted into the sulphonic chloride with phos- 
phorus pentachloride. On fractional crystallisation of the sulphonic 
chloride from petroleum, a product melting at 70° was obtained, corre- 
sponding to the 2 : 4-derivative. The sulphonamide was then prepared, 
which, on fractional crystallisation, indicated the presence of two com- 
pounds, only one of which, the 2: 4-sulphonamide melting at 176°, 
could be prepared in the pure state. 


Dichlorotoluene and its Derivatives from Ortho-chlorotoluene. 


o-Chlorotoluene was obtained from o-toluidine by Wynne’s modifi- 
cation of Sandmeyer’s method (Trans., 1892, 61, 1072). Fifty-four 
grams of the product boiling at 154—158° were chlorinated as pre- 
viously described, and the following fractions obtained : 

Below 190° 

190—210 

210—230 

Above 230 


190—195° 
195-—208 


Nitration of the Mixed Dichlorotoluenes. 


Five grams of dichlorotoluene were nitrated as previously described 
and the product fractionated. 0°95 gram of a pure substance melting 
at 102° was isolated, which corresponds to the 2: 4-derivative, and a 
large quantity of a mixture of the nitro-compounds, from which no 
Pure product could be separated. This method of attacking the 
problem was therefore abandoned. 


Sulphonation of the Mixed Dichlorotoluenes. 


In order to obtain direct evidence of the existence of the 
different dichlorotoluenes in the mixture, the product was sulphonated, 
and the sulphonic acids separated and converted into the sulphon- 
amides, Eighty grams of dichlorotoluene, boiling at 195—208°, 
were heated on the water-bath with four times the weight of concen- 
‘rated sulphuric acid, and stirred continuously with a mechanical 
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stirrer. The mixture was then diluted with water, and unchanged 
oil removed by distillation in steam. The sulphonic acid was con- 
verted into the soluble barium salt by the addition of barium car. 
bonate, and the liquid filtered. The residue was boiled up repeatedly 
with fresh quantities of water and the united filtrates evaporated, 
In this way, 36 grams (fraction 1) of the barium salt crystallised 
out, and a further 7 grams (fraction 2) were obtained by evapor- 
tion of the mother liquor. The recovered portion, which had not 
been sulphonated, amounted to 58 grams, and was treated with 160 
grams of 20 per cent. fuming sulphuric acid. The dichlorotoluene, 


on shaking, rapidly dissolved. It was diluted and distilled in steam, and b 
10°5 grams of unchanged dichlorotoluene were recovered. Fraction | W 
gave a sulphonamide which softened at 204° and melted at 210—212. fc 
After five recrystallisations from alcohol, a pure product melting at : 
221—2213° was obtained. The sulphonamide which was mixed with ch 
it was subsequently shown to be the 2: 6-derivative melting at 204°. 15 

The remainder of the barium salt from fraction 1 was then de 

sulphonated by Armstrong and Miller’s method (Trans., 1884, 45, 

148). Twenty-two grams of the barium salt, 8 c.c. of water, and 

100 grams of concentrated sulphuric acid gave 8 grams of dichloro 

toluene boiling at 195—196°. This dichlorotoluene was converted 35 

into the dinitro-compound in the ordinary way, and by careful frac . 

tional crystallisation from glacial acetic acid the following pure com- 2 

pounds were obtained. (i) A dinitro-compound melting at 120—12I° . 

corresponding to the 2: 6-derivative; (ii) a compound melting at eb 
71—72°, corresponding to the 2:3-derivative; (iii) a very small * 
quantity of prisms melting at 103°, identified as the 2 : 4-compound. , 

The second small fraction of the barium salt gave a sulphonamide “me 
which melted indefinitely at about 180°. No pure product was a 
separated from it. It was probably mainly the 2 : 4-derivative. ee 

The third crop of barium salt was converted into the sulphon- 
amide, which was then fractionally crystallised from alcohol. Two 
compounds were isolated, one melting at 176°, which was identified 
as the 2:4-derivative, the other melting at 189—191°, which wa 
possibly the 2:5-derivative. The melting point was unchanged by qT 
recrystallisation. by 

oxid: 
Oxidation of the Mixed Dichlorotoluenes. 

Five grams of the dichlorotoluene mixture were oxidised by 
heating for 6 hours to 130° in a sealed tube with 10 cc. of nitrieg Th 
acid (sp. gr. 1:4) and 20 cc. of water. The dichlorobenz0ic acim the ¢ 
were separated and purified as previously described, (p. 1122). Fir = 


grams of the acids were dissolved in 50 c.c. of methyl alcohol, 
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dry hydrochloric acid passed into the cold liquid to saturation. 
The liquid, after standing several hours, was poured into water, 
and the unchanged dichlorobenzoic acid and esters extracted with 
ether. The ethereal solution was then repeatedly extracted with 
small quantities of caustic soda solution, and the alkaline liquid, 
after boiling off any residual ether, was acidified with hydrochloric 
acid. The precipitated dichlorobenzoic acid contained some oily 
impurity, possibly nitro-compounds, which were removed as far as 
possible by careful draining and pressing on a porous plate. The 
residual acid was then crystallised from water, 0°65 gram of acid 
being obtained, which melted indefinitely at 120—134°. The acid 
was then treated with methyl alcohol and hydrochloric acid as be- 
fore, and after recrystallisation from dilute spirit, melted at 
137—139°. This corresponds to the melting point of the 2: 6-di- 
chlorobenzoic acid given by Wynne and Greeves (Proc., 1895, 11, 
151, See also p. 1131) and obtained by ourselves. 


Dichlorotoluene and its Derivatives from Meta-chlorotoluene. 


m-Chlorotoluene was prepared from m-toluidine by Sandmeyer’s 
reaction, using cold cuprous chloride solution. The yield from 75 
grams of the base amounted to 62 grams of the pure compound 
boiling at 158—161°. The chlorination was carried out in exactly 
the same way as previously described, the yield of the mixed di- 
chlorotoluenes amounting to about 85 per cent. of the theoretical 
amount. 

The details of one experiment are as follows. Thirty grams of 
m-chlorotoluene were chlorinated in presence of the couple until the 
theoretical amount of chlorine had been absorbed. Caustic soda 
was then added and the product distilled in steam. ‘The distillate 
was then separated, dried, and fractionated. 


Below 195° 
195—201 
Above 201 
The constituents of the dichlorotoluene thus obtained were identified 


by means of their dinitro-derivatives and sulphonamides, and also by 
oxidation to the corresponding benzoic acids. 


Nitration of the Mixed Dichlorotoluenes. 


Tag dichlorotoluene mixture was nitrated in the ordinary way, and 
¢ dinitro-derivative separated and crystallised from acetic acid. The 
product melted indefinitely at 86—93°, indicating the presence of a 


mixture. It was then submitted to systematic fractional crystallisa- 


. 
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tion, using acetic acid as solvent. The main product was found to 
consist of a dinitro-compound melting at 99—100°, identical with 
that obtained from 2 : 5-dichlorotoluene (m. p. 100—101°). From the 
mother liquors, a product was obtained melting indefinitely at 70—85° 
On fractionating this further, a pure substance was separated melting 
at 92—93°, which is the same as that obtained from 3 :4-dichloro- 
toluene melting at 91°5—92°5°. No other compounds having definite 
melting points were isolated. 


Oxidation of the Mixed Dichlorotoluenes. 


The oxidation was effected by heating the dichlorotoluene mixture 
with 7 parts by weight of dilute nitric acid in a sealed tube to 140° 
for 5 hours. The contents of the tube were dissolved in caustic soda, 
and the solution distilled in steam to remove a trace of unoxidised 
substance. The benzoic acids were then precipitated with hydro- 
chloric acid. An unsuccessful attempt was made to separate the con- 
stituents of the mixture by fractional distillation in steam. The acids 
were therefore converted into the barium salts, which were fractionally 
crystallised. The most insoluble fraction yielded an acid melting at 
180—195°, which, on recrystallisation from spirit, melted at 199—200°, 
and therefore corresponds to the 3 : 4-compound. 

The more soluble barium salt yielded a large quantity of an acid 
which, after repeated crystallisation, melted at 146—148°. . This acid 
probably consists mainly of the 2:5-compound (m. p. 153°), but the 
pure acid could not be obtained. 


Sulphonation of the Mixed Dichlorotoluenes. 


The sulphonation was undertaken with the special object of detect- 
ing the presence of any of the 2: 3-derivative, as it yields a character 
istic sulphonamide. An unsuccessful attempt was made to effect s 
partial separation of the mixture by using different strengths of stl 
phuric acid for the.sulphonation. As ordinary sulphuric acid had 
little action, the sulphonation was effected by means of slightly fuming 
acid, and the product converted into the barium salt. The salt w# 
fractionally crystallised from water, and then the fractions converted 
into the sulphonamides. 

No indication was obtained of the 2.;3-sulphonamide. The sulphor 
amides of the 3 :4- and 2: 5-compounds previously shown to be preset 
melt too closely together to admit of separation, namely, 3:4 at 
190—191° and 2: 5- at 191—192°. No 3:5-dichlorotoluene could 
detected in any of the reactions. 

The conclusion is therefore drawn that of the four possible dichlor 
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toluenes theoretically obtainable from m-chlorotoluene, only the 2 : 5- 
and 3:4-compounds are formed, the former being present in the 


larger quantity. 


IV. Preparation of the Six Dichlorotoluenes and their Derivatives. 
Preparation of 2: 3-Dichlorotoluene. 


3-Nitro-2-tolwidine.—2 : 3-Dichlorotoluene was prepared from the 
corresponding nitrotoluidine. Lellmann and Wiirthner (Annalen, 1885, 
928,239) found that o-acetotoluidide gave on nitration two nitro- 
aetotoluidides, which were separated by means of fractional hydrolysis, 
followed by mechanical sieving of the mixed crystalline product. The 
two compounds were identified as the 2: 3- and 2 :5-nitro-derivatives. 
Reverdin and Orépieux (Ber., 1900, 33, 2498) have described a more 
convenient method of separating the two isomers. They find that if 
the mixed product of nitration be hydrolysed with concentrated hydro- 
chloric acid and the aeid liquid distilled in steam, the 2: 3-compound 
is volatilised, whilst the 2:5-compound remains behind. From the 
results of a number of experiments, we find that the best results are 
obtained as follows. 

Fifteen grams of powdered o-acetotoluidide are added in small por- 

tions to a mixture of 50 grams of fuming nitric acid and 18 grams of 
glacial acetic acid, the temperature being maintained at about 15° 
If the liquid is cooled below this temperature, the reaction is suspended 
for a time until all the acetotoluidide has been added, when it sets in 
Vigorously with rapid rise of temperature and ultimate decomposition. 
After standing some hours at the ordinary temperature, water is added 
to the solution, and the precipitated nitro-compounds filtered off and 
washed. The substance is then placed in a flask with the addition of 
40 cc, of concentrated hydrochloric acid and, without any preliminary _ 
heating, distilled in steam. After a short time, orange coloured crys- 
tals collect in the receiver, distillation being continued until no more 
slid matter is carried over, an operation which lasts about 6 hours. 
The yield amounts to 6—7 grams of 2: 3-nitrotoluidine. The 2:5- 
compound may be separated from the acid liquid remaining in the 
distilling flask, 
_2-Chloro-3-nitrotoluene.—Three parts of finely powdered nitrotolu- 
idine were suspended in 5 parts of concentrated hydrochloric acid and 
‘parts of water, and the cooled liquid diazotised by the addition of 
solid sodium nitrite. 

In this and in subsequent preparations we found the solid nitrite in 
Coarse pieces to act more slowly and effectively and with a much 
smaller rise of temperature than the nitrite solution. When the base 
had gone into solution, the liquid was added to an ice-cold solution of 


COHEN AND DAKIN: 


1128 


4 parts of cuprous chloride dissolved in concentrated hydrochloric acid 
as described by Wynne (Trans., 1892, 61, 1072). 


When the evolution of nitrogen had ceased, the liquid was distilled 
in steam. An almost theoretical yield of chloronitrotoluene was 
obtained. 

2-Chloro-3-toluidine.—The above nitro-compound was reduced by 
means of a slight excess of stannous chloride dissolved in an equal 
weight of concentrated hydrochloric acid. The reaction, which was pt 
at first very vigorous, was completed by heating for an hour on fu 
the water-bath. At the end of this time, a clear solution was ob- ba 
tained which was poured into a basin and left to crystallise. The an 
crystalline mass was pressed on the filter, and washed with a little con- ph 

centrated hydrochloric acid. A small quantity of tin was removed wa 
i from the crystals by dissolving them in hot water and passing in sul- at 
P phuretted hydrogen. The sulphide was removed by filtration, the ‘ 
filtrate concentrated, and the crystalline hydrochloride used in the 15] 
subsequent process. sep 

2: 3-Dichlorotoluene.—The conversion of chlorotoluidine into di mel 
4 chlorotoluene is carried out in the same manner as in the preparation cate 
} of chloronitrotoluene from nitrotoluidine. The yield was nearly 
. theoretical. On fractional distillation, 90 per cent. boiled at 204—206° 
é at 755 mm. pressure. 

2 :3-Dichlorobenzoic acid.—One part of dichlorotoluene was heated 0: 
with 6 parts of dilute nitric acid (2°5 vols. of concentrated nitric acid @ meti 
| sp. gr. 1:4, 3 vols. of water) for some hours in a sealed tube to 140° & nitrc 
The contents of the tube were made alkaline with caustic soda ani @ phid 

distilled in steam to remove unchanged dichlorotoluene. The chlor § of re 
benzoic acid was precipitated in the residue on the addition of acid and § yield 
recrystallised from hot wvter. It melted at 163°. yield 

Nitro-2 : 3-dichlorotoluene.—This compound was prepared by adding 2: 
to 1 part of dichlorotoluene.a cold mixture of 2 parts of nitric acid & dich) 
(sp. gr. 1-4) and 3 parts of concentrated sulphuric acid. The mixture & The y 
was then heated for some time on the water-bath, and the nitro-com @ water 
pound precipitated by pouring on to crushed ice. It was recrystallised Nit 
from a mixture of alcohol and acetic acid, and was obtained in the # way a 
form of felted masses of fine needles melting sharply at 50°—515°. heed|« 

0°1640 gave 0:2292 AgCl. Cl=34:55. cin 

C,H,Cl,*NO, requires Cl= 34°41 per cent. thie 

Dinitro-2 : 3-dichlorotolwene.—The dinitro-derivative was obtained by § acetic 
slowly adding to 1 part of dichlorotoluene 7 parts of fuming nitt 102°), 
acid (sp. gr. 15) and 3} parts of concentrated sulphuric acid. The 2:4 
reaction was completed by heating for some time on the water-bath Mi sulpho 
and the product then poured into water. The precipitated diniigated } 
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compound was filtered, washed and dried, and recrystallised from 
glacial acetic acid or alcohol. The product was fractionally crystallised 
and proved to be uniform. It melted at 71—72°. 


0:1991 gave 0°2285 AgCl. Cl=28:32. 
C,H,Cl,(NO,), requires Cl= 28-12 per cent. 


2:3-Dichlorotoluenesulphonamide.—The dichlorotoluene was _ sul- 
phonated by heating for a short time with three times the weight of 
fuming sulphuric acid, and the sulphonic acid converted into the 
barium salt in the usual way. The barium salt was then heated’ with 
an equal weight of phosphorus pentachloride, which yielded the sul- 
phonic chloride, and this was converted into the amide in the usual 
way. The sulphonamide, after recrystallisation from alcohol, melted 
at 222°. 

2:3-Dichlorotoluene has been stated by Wynne (Proc., 1895, 11, 
151) to yield two sulphonic acids on sulphonation, which may be 
separated by fractional crystallisation of their barium salts. Experi- 
ments made with the object of separating the two acids failed to indi- 
cate the presence of a second acid. 


Preparation of 2 : 4-Dichlorotoluene. 


Ordinary dinitrotoluene was used for the preparation according to the 
method of Lellmann and Klotz (Annalen, 1885, 231, 308). The di- 
nitrotoluene was first reduced to nitrotoluidine with ammonium sul- 
phide. The product (m. p. 76°) was then submitted to the same series 
of reactions as previously described under 2 : 3-dichlorotoluene. The 
yields throughout were satisfactory. Fifty grams of dinitrotoluene 
yielded 18 grams of 2 : 4-dichlorotoluene boiling at 198—200°. 

2:4-Dichlorobenzoic Acid.—This acid was obtained by oxidising the 
dichlorotoluene with dilute nitric acid in a sealed tube at 130—140°. 
The product was purified in the usual way, and crystallised from hot 
water in fine needles meiting at 159—160°. 

Nitro-2 : 4-dichlorotoluene.—This compound was prepared in the same 
Way as the 2 : 3-compound, and crystallised from spirit in long, hard 
needles melting at 54—55°. Seelig gives 53° as the melting point of 
this substance. 

Dinitro-2 : 4-dichlorotolwene was prepared in the manner described 
under the 2:3-compound. It crystallised from a mixture of glacial 
om acid and alcohol in fine prisms melting at 104° (Seelig gives 

2: 4-Dichlorotoluenesulphonamide.—2 : 4-Dichlorotoluene is readily 
sulphonated with fuming sulphuric acid. The sodium salt was separ- 
ated by pouring the product into brine, which was then converted 
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into the sulphonic chloride. The latter crystallised from petroleum p 
ether in hard prisms melting at 71°. The sulphonamide was repeatedly C 
crystallised from spirit and melted sharply at 176°. Pp 
8 

Preparation of 2: 5-Dichlorotoluene. “ 

The 2: 5-dichlorotoluene was obtained in two ways, (i) by direct ni 
chlorination of o-acetotoluidide (Lellmann and Klotz, Annalen, 1885, 50 
231, 319), and (ii) by the action of sodium hypochlorite on o-aceto- 
toluidide (Chattaway and Orton, Trans., 1900, 77, 790). The two 
products were identical. 

(i) Following Lellmann and Klotz’s directions, o-acetotoluidide was 
dissolved in sufficient glacial acetic acid to prevent crystallisation on des 
cooling, and a current of dry chlorine passed into the cooled liquid, A tal 
vigorous reaction occurs with considerable rise in temperature, After ( 
a time, the solution suddenly becomes almost solid. Water was then 
added, and the crude chloroacetotoluidide filtered off and recrystallised > 
from spirit. On hydrolysis with concentrated hydrochloric acid, the ho 
hydrochloride of chlorotoluidine separated in the form of crystals with i 4 
a satin-like lustre. The amino-group was replaced by chlorine by " 
Wynne’s modification of Sandmeyer’s method already referred to, 8 
From 45 grams of o-acetotoluidide, 22 grams of crude dichlorotoluene - 
were obtained, of which 19 grams boiled constantly at 198—19° § "© 
under a pressure of 760 mm. The product solidified completely in a 
freezing mixture, and melted sharply at 5°. 

(ii) Twenty grams of o-acetotoluidide were shaken up with 400 ce. Th 
N/2 sodium hypochlorite solution containing 20 grams of sodium preps 
bicarbonate and left to stand 24 hours. A little chloroform was added Mess 
and the lower layer of liquid withdrawn, About an equal volume of by-pr 
glacial acetic acid and a drop of concentrated sulphuric acid were then § almo; 
added to the chloroform solution, which was warmed on the water- of fin 
bath. The greater part of the chloroform evaporated, and the chloro §  reacti 
acetotoluidide was precipitated by pouring into water. The yield was § stann 
nearly theoretical. The crude product was recrystallised from dilute § obtain 
spirit and hydrolysed by boiling with excess of concentrated hydro 9 2:6-di 
chloric acid. The subsequent operations were identical with those § toluid 
described under the first method. Twenty-four grams of the chloro @ at 19g 
toluidine hydrochloride yielded 15 grams of pure dichlorotoluene 2:6. 
boiling at 198—200° at 760 mm. and melting at 5°. With n: 

2:5-Dichlorobenzoic acid was obtained by oxidation with dilate § at 139 
nitric acid at 140°. The product was recrystallised three times from  Staven 
dilute spirit, and melted sharply at 153°. given | 

Nitro-2 : 5-dichlorotoluene.—Great care was required in this prepat @ the mix 
tion to prevent the formation of the dinitro-derivative. The following HM (see p. 
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proportions gave satisfactory results. A cold mixture of 1} parts of 
concentrated nitric acid (sp. gr. 1°4) and 3 parts of concentrated sul- 
phuric acid were slowly added to 1 part of the dichlorotoluene, any 
great rise of temperature being avoided. The mixture was subsequently 
warmed on the water-bath and the nitro-compound precipitated by 
water. On recrystallisation from a mixture of alcohol and ether, the 
nitro-compound was obtained in the form of fine needles melting at 
50—51°. 


01192 gave 0°1655 AgCl. Cl=34:33, 
C,H,Cl,-NO, requires Cl=34°41 per cent, 


Dinitro-2 : 5-dichlorotoluene was prepared by the method already 
described in the case of the other dinitro-compounds. It was recrys- 
tallised from glacial acetic acid and melted at 100—101°. 


0:2630 gave 0°3015 AgC@l. Cl=28°33. 
C,H,Cl,N,0, requires Cl= 28:12 per cent, 


2:5-Dichlorotoluenesulphonamide.—The dichlorotoluene was sul- 
phonated with fuming sulphuric acid, and the product separated as 
the sodium salt, The sulphonic chloride prepared by the action of 
phosphorus chloride on the sodium salt crystallised from ether in large, 
colourless plates melting at 45—46°. The sulphonamide was obtained 
in the form of colourless needles melting at 191—192°. 


Preparation of 2 : 6-Dichlorotoluene. 


The 2: 6-nitrotoluidine, which served as the starting point for the 
preparation of the dichlorotoluene, we owe to the great kindness of 
Messrs. Green and Lawson, who obtained it in small quanties as a 
by-product by nitrating o-toluidine (Trans., 1891, 50, 1013). An 
almost theoretical yield of chloronitrotoluene was obtained in the form 
of fine, yellow crystals by using Wynne’s modification of Sandmeyer’s 
reaction. The reduction of the nitro-compound was effected with 
stannous chloride, when the hydrochloride of chlorotoluidine was 
obtained in the form of white, glistening plates. From the latter, the 
2:6-dichlorotoluene was finally prepared. Ten grams of the nitro- 
toluidine yielded 4-5 grams of pure dichlorotoluene, boiling constantly 
at 198° at a pressure of 760 mm. 

2:6-Dichlorobenzoic acid was obtained by oxidation in a sealed tube 
With nitric acid. After frequent recrystallisation, the product melted 
at 132—133°, which agrees with the number given by Claus and 
Stavenhagen (Annalen, 1892, 269, 224), but is much lower than that 
given by Wynne and Greeves (139°) or previously obtained by us from 
the mixture of dichlorotoluenes prepared by chlorinating o-chlorotoluene 
(see p. 1125). We concluded, therefore, that. both Claus’ and our pro- 
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ducts were impure. In our case, the fact was easily explained, for 
2 : 6-dichlorotoluene is very difficult to oxidise. Heated with very dilute 
nitric acid in a sealed tube, it is only slightly attacked, whereas with 
stronger acid nitro-compounds are formed which lower the melting 
point of the product. On the other hand, Claus and Stavenhagen’s 
method (Joc. cit.) of preparing 2 :6-dichlorobenzoic acid from the crude 
chlorination product of o-chlorotoluene by oxidising with powdered 
potassium permanganate absolutely failed in our hands. Although we 
followed in detail the directions given, we found, after 2 days’ boiling, 


that only a trace of dichlorotoluene had been attacked. We conclude ste 
that some important omission must have been made in the description nit 
of the method. We ultimately used the following method, which gave nit 
a satisfactory result. 200 

Five grams of the dichlorotoluene were oxidised with 10 cc. of 3 
concentrated nitric acid (sp. gr. 14) and 20 c.c. of water for a day at acid 
140° in a sealed tube. Caustic soda was added to the product, and the at 2 
liquid distilled in steam. A small amount of solid distilled, which was ¥ 
identified as 2:6-dichlorobenzaldehyde. On acidifying the alkaline of tl 
solution, an acid was obtained melting at 128—132°. The impure acid 2 pa 
was treated with a solution of 5 grams of stannous chloride in 10 c.. trate 
of concentrated hydrochloric acid, and heated for an hour on the water. J ‘#llis 
bath. The acid liquid was then extracted with ether, from which the J °— 
dichlorobenzoic acid was obtained by washing with caustic soda solution. 0-1 
The acid was precipitated by the addition of hydrochloric acid. It was 
further purified by dissolving in methyl alcohol, saturating with dry 
hydrochloric acid, and allowing it to stand for a time. On pouring ' Din 
into water and extracting with ether, the acid went into solution in ™™ 
the ether, from which it was extracted with caustic soda solution. On 15 
acidifying the alkaline solution, the acid was precipitated, and, after 0-253 
crystallisation from water, formed colourless needles melting at 
139 —140°. 3.4. 

Nitro-2 : 6-dichlorotoluene was obtained in the usual way and crystal- sul ‘ . 
lised from a mixture of alcohol and acetic acid in needles melting aa. 
sharply at 53°. m cling 

0°1222 gave 0:1720 AgCl. Cl=34:°79. 

C,H,Cl,*NO, requires Cl = 34-41 per cent. 

Dinitro-2 : 6-dichlorotoluene was prepared by the method previously # The m, 
described. It crystallised from alcohol in flattened needles melting MF is that de 
at 121—122°. Thirt 

0:0695 gave 0°0792 AgCl. Cl=28°17. Selle ac 

of Water 5 


C,H,Cl,(NO,), requires Cl = 28°12 per cent. 


2 : 6-Dichlorotoluenesulphonamide.—The dichlorotoluene was 
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sulphonated with fuming sulphuric acid, the product being separated 
as the sodium salt. The latter was converted into the sulphonic 
chloride and sulphonamide. The sulphonamide was crystallised from 
alcohol and melted at 204°. 


Preparation of 3 : 4-Dichlorotoluene. 


The starting point for this preparation was the 3 : 4-nitrotoluidine 
supplied by Kahlbaum in beautiful, large, red crystals. The various 
steps in the process are the same as described in the case of the other 
nitrotoluidines and call for no special remark. Fifty grams of the 
nitrotoluidine yielded 17 grams of pure dichlorotoluene boiling at 
200—207°. 

3:4-Dichlorobenzoic acid was obtained by oxidising with dilute nitric 
acid at 130—140°. The acid, which is slightly volatile in steam, melted 
at 200—201°. 

Nitro-3 : 4-dichlorotoluene.—Care is required to prevent the formation 
of the dinitro-derivative. The best results were obtained by using 
2 parts of concentrated nitric acid (sp. gr. 1°4) and 4 parts of concen- 
trated sulphuric acid to 1 part of dichlorotoluene. The product crys- 


tallises from alcohol and acetic acid in fine, long needles melting at 
63—64°, 


0:1000 gave 0°1395 AgCl. Cl= 34°48. 
C,H,Cl,*NO, requires Cl = 34:41 per cent. 


Dinitro 3 :4-dichlorotoluene was easily obtained, and crystallises 
from glacial acetic acid in long, nearly colourless needles melting at 
915—92°5°, 

02557 gave 0°2920 AgCl. Cl=28:23. 

C,H,CI,N,O, requires Cl = 28°12 per cent. 


3: 4-Dichlorotoluenesul phonamide.—The dichlorotoluene was readily 
tulphonated and converted into the sodium salt. The sulphonic 
chloride solidifies readily and crystallises from ether in long needles 
melting at 81°. The sulphonamide melts at 190—191°. 


Preparation of 3 : 5-Dichlorotoluene. 


The method employed for the preparation of the 3 : 5-dichlorotoluene 
is that described by Chattaway and Orton (Trans., 1900, '77, 791). 
Thirty grams of’ o-acetotoluidide were dissolved in 120 c.c. of glacial 
wetic acid, and a solution of 100 grams of bleaching powder in 2\litres 
of water were added, After standing 12 hours, the supernatant liquid 
Was decanted from the yellow oil. To the latter, about an equal 
Volume of glacial acetic acid and a few drops of concentrated sulphuric 
VOL, LXXIx, 4H 
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acid were added, and the solution was then warmed on the water-bath. 
After standing for a time, the solution was poured into water, when the 
dichloroacetotoluidide separated out. It was filtered, washed, and 
crystallised from spirit. The yield is nearly theoretical. The hydro 
lysis was effected by heating 1 part of the dichloro-compound with 3 
parts of concentrated hydrochloric acid to 150° in a sealed tube for 8 
hours. In this way, 21 grams of the dichlorotoluidine were obtained 
from 30 grams of the dichloroacetotoluidide. By using Claus’ 
method, on the other hand, alcoholic potash only hydrolysed one-half 
of the compound after two days’ boiling. This slow hydrolysing action 
of potash may be accounted for by space interference, as the amino- 
group is protected by two ortho-positions. The amino-group in 
dichlorotoluidine was eliminated by the method of Chattaway and 
Evans (Trans., 1896, 69, 850). 

Eleven grams of dichlorotoluene were obtained from 21 grams of the 
base. It possessed the melting point 26° which is that given by 
Lellmann and Klotz (Annalen, 1885, 231, 320). 

3:5-Dichlorobenzoic acid was obtained by oxidation with dilute 
nitric acid at 150°. After repeated crystallisation, the compound was 
obtained in the form of fine, long needles melting at 182—183°. 

Nitro-3 ; 5-dichlorotoluene crystallises from a mixture of alcohol and 
acetic acid in needles melting at 61—62°. 


0°1306 gave 0°1820 AgCl. Cl=34°45. 
C,H,Cl,*NO, requires Cl= 34°41 per cent. 


Dinitro-3 : 5-dichlorotoluene.—The first preparations of this compound 
contained the trinitro-derivative, which is readily formed and crystal: 
lises in lustrous leaflets melting ‘at about 190°. The pure dinitro- 
compound was obtained by using the following quantities of materials. 
Four parts of nitric acid (sp. gr. 1°5) and 4 parts of concentrated 
sulphuric acid were added to 1 part of the dichlorotoluene. The 
product crystallises from alcohol in long, white needles melting # 
99—100°. 


0°1212 gave 0°1390 AgCl. Cl= 28°35. 
C,H,Cl,N,0, requires Cl = 28°12 per cent. 


3 : 5-Dichlorotolwenesulphonamide.—Sulphonation was readily effected 
in the ordinary way and the sulphonate converted into the sulphonit 
chloride, which crystallised from petroleum in large, thick prisms 
melting at 44—45°. The sulphonamide crystallised from spirit it 
needles melting at 168—169°. 
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OXXI.—The Esterification of 8-Nitrophthalic Acid. 
By Auex. McKenzix, Grocers’ Company Research Scholar. 


Victor Mryer’s rule for the ester formation of aromatic acids is of 
such general applicability that exceptions to it present certain points 
of interest. Such an exception is 3-nitrophthalic acid. Faust (Annalen, 
1871, 160, 56) obtained a crystalline ethyl hydrogen ester by con- 
ducting the esterification in the cold, whilst a normal ester resulted as 
an oil on rise of temperature. Since, however, the product of the 
nitration of phthalic acid has been shown by O. Miller to be a mixture of 
3- and 4-nitrophthalic acide, and is not homogeneous as Faust apparently 
supposed, mucn weight could not be attached to the observation of the 
latter investigator. The different behaviour of the isomeric nitro- 
phthalic acids on esterification by the hydrogen chloride method was 
noted by Miller (Ber., 1878, 11, 1191; Annalen, 1881, 208, 227), who 
points out that when the mixture resulting from the nitration of 
phthalic acid is directly esterified, the 4-nitrophthalic acid is converted 
into the normal ester, the 3-nitrophthalic acid, on the other hand, 
slightly into the normal ester, and mainly into the acid ester. V. 
Meyer and Sudborough (Ber., 1894, 27, 3151) suggested that the 
presence of this normal ester might possibly be attributed to the 
prolonged action of the methyl alcohol and mineral acid causing slight 
decomposition of the 3-nitrophthalic acid into mononitrobenzoic acid, 
the melting point of the methyl ester of which agrees closely with that 
observed by Miller for the normal ester. Wegscheider and Lipschitz 
(Monatsh., 1900, 21, 787) have supplied experimental evidence for the 
invalidity of this hypothesis by hydrolysing the normal methyl ester 
produced on the esterification of 3-nitrophthalic acid by the sulphuric 
acid method, and by identifying the resulting compound as 3-nitro- 
phthalic acid. 

With regard to the explanations adduced to account for the devia- 
tions from the V. Meyer rule, Graebo’s observation that tetrachloro- 
phthalic acid formed an ethyl hydrogen ester when esterified by the 
hydrogen chloride method (Annalen, 1887, 238, 327), was attributed 
by V. Meyer and Sudborough (Joc. cit.) to the probable existence 
of tautomeric forms, the acid esters of substituted phthalic acids 

RO OH 


YY 
being represented, for instance, as OH Oot and OH, <Go>0. 
2 


Similarly, Graebe (Ber., 1900, 33, 2027) supposes that in the esterifica- 

tion of 3 ; 6-dichlorobenzoylbenzoic acid, which is also an exception to 

the V. Meyer rule, the acid acts as the tautomeric oxyphthalide, thus : 
4H 2 
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C(OH):C,H, 
C,C1,< >0O + ©,H,OH = 
co 


(OH),*C,H 4 COC, 
COCO, 6.4, oe > OChL<oo dH: 
V. Meyer, as well as Wegscheider, assumes that the anhydride is the 
intermediate product, and that this is further acted on by the alcohol; 
for example, the acid ester of 3: 6-dichlorophthalic acid (Graebe, Ber., 
1900, 33, 2019) results according to the scheme : 


aaiaxcEP>0 + OOH = OAL, 


and, when attempts are made to convert it into’ the normal ester, its 
comportment accords with the V. Meyer rule. 

Marckwald and the author (Ber., 1901, 34, 485) have recently 
separated the alcohols of fusel oil by converting them into the crystal- 
line B-acid esters of 3-nitrophthalic acid. Inactive 1-isoamy]-3-nitro- 
phthalic acid and 1-d-amyl-3-nitrophthalic acid were isolated, and the 
corresponding alcohols, isobutylearbinol, (CH,),CH-CH,°CH,°0H, 
and lmethylethylearbincarbinol, CH,*(C,H,;)CH°CH,°OH, were ob- 
tained from them on hydrolysis. We noticed, in the course of the 
work, that (1) when 3-nitrophthalic acid was esterified by amy] alcohol 
by E. Fischer and Speier’s method, the main product was the f-acid 
ester, but the a-acid ester and the normal ester were also formed, 
(2) when the alcohol was directly esterified by 3-nitrophthalic anhy- 
dride, the main product was the a-acid ester, the B-acid ester being 
also present. Wegscheider and Lipschitz (loc. cit.) have shown that 
when the acid is esterified in presence of sulphuric acid and methyl 
alcohol, the main product is the f-acid ester, but the normal ester is 
also produced under certain conditions. Direct esterification by the 
anhydride, on the other hand, was found by them to yield 90 per cent. 
of the a-compound. 

Isomeric acid esters of the type under consideration vary in electrical 
conductivity, and Wegscheider has shown this in several cases, for 


example, 
NO, NO, 
fi ‘co, cH, (co,H 
\ / CO.H \ /00,CH; 


a-Ester ( x=0°2). B-Ester (x«=1°5). 


In fact, Wegscheider bases his nomenclature of such compounds 00 
the difference in conductivity, that ester with the smaller value for « 
being termed the a-ester (Monatsh., 1895, 16, 141, d&c.). Of the two 
carboxyl groups in 3-nitrophthalie acid, the one in the ortho-position 
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relatively to the nitro-group is the “stronger” of the two, and the 
stereochemical obstruction caused by it is more marked than that 
caused by the other group in the l-position. Therefore on esterification 
by the hydrogen chloride or sulphuric acid method, the B-acid ester is the 
main product. According to this view, both isomerides might be ex- 
pected to be formed, the relative amounts of which would depend on 
the difference between the carboxyl groups in the particular acid used. 
The present paper affords evidence for the formation of both isomerides 
on the esterification of an unsymmetrical dicarboxylic acid, a probability 
which has been repeatedly suggested by Wegscheider (Monatsh., 1895, 
16, 141; 1897, 18, 640; 1899, 20, 696 ; Oesterr. Chem. Zeit., 1901, 6 ; 
Ber., 1901, 34, 680). The formation of the normal ester on esterifi- 
cation by the sulphuric acid method was also observed. Further, 
inactive 2-isoamyl-3-nitrophthalic acid and 2-d-amyl-3-nitrophthalic 
acid have been prepared and examined. 


For the preparation of 3-nitrophthalic acid, the method by nitration 
of phthalic acid (Miller, Annalen, 1881, 208, 225) is most convenient. 
On nitrating, care should be taken to observe just when the action 
begins, and at once to moderate it by cooling, otherwise it proceeds too 
violently. The melting point of the acid used in the following experi- 


ments agreed with that of Miller. 


3-Nitrophthalic Anhydride, 


The following was found a suitable means of preparation. Equal 
weights of the acid and acetic anhydride are gently heated with the 
free flame until all the acid dissolves, and then for five minutes longer 
tocomplete the reaction. When the solution cools, the anhydride 
quickly crystallises, and is drained off and washed with ether. It melts 
at 162°. A further quantity may be obtained from the mother 
liquor on removal of the ether and the bulk of the acetic anhydride. 
The method gives an almost theoretical yield. 


2-isoAmyl-3-nitrophthalic Acid. 


The corresponding f-acid ester, which yielded isobutylcarbinol, has 
already been described (Marckwald and McKenzie, loc. cit.). The 
acompound was prepared by heating isobutylcarbinol (4°5 grams) with 
a5 per cent. excess of nitrophthalic anhydride (9°4 grams) for 15 
minutes on the water-bath, and then carefully for 5 minutes with the 
free flame. After addition of benzene to the hot solution, a finely 
crystalline crop of 8-5 grams separated on cooling, and when this was 
~~, several times from benzene it melted at 165—166°. On 
analysis ; 
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05704, dried at 100° and dissolved in methyl alcohol, required 
20°35 c.c. V/10 potassium hydroxide for neutralisation. O,,H,,0,N 
requires 20°30 c.c. 

The ester is sparingly soluble in benzene and carbon tetrachloride, and 
is hydrolysed with much more difficulty than the f-isomeride. On 
theoretical grounds, the latter observation was to be expected, as the 
alcohol radicle in the a-ester is regarded as replacing the hydrogen of 
the stronger carboxyl group, and should therefore not be so easily 


detached as in the case of the B-ester. n 
Ww 
2-d-Amyl-3-nitrophthalic Acid. : 
The corresponding f-ester has been described (loc. cit.). An acetone re 
solution of it gave [a]i7 +6'5° (e=10), and the /-amyl alcohol obtained ob 
from it had the rotation aj” —9°62°; hence [a]f” —5-90°. sp 
The amy] alcohol used for the preparation of the a-ester was pre- duc 
pared by subjecting fusel oil (ap —2°2°, 7=2) to a modification of the am 
Le Bel-Rogers’ method, and then working up the product (ap - 6°, poi 
1=2) by treatment with 3-nitrophthalic acid (Joc. cit.). A prolonged tha 
series of crystallisations yielded an ester with the rotation in acetone con 
[a] +5°9° for c=10, but in this case the separation of the mixed ver} 
crystals was not carried to the limit. The product, on hydrolysis, tall; 
gave an alcohol with aj" — 8°50° (/=2), which contained therefore 88° exce 
per cent. of /-amy! alcohol. glas 
This alcohol (9°8 grams) was heated with a 5 per cent. excess of rotat 
nitrophthalic anhydride (20°5 grams) for 25 minutes on the water- 
bath, and then carefully with the free flame until the solution was 
clear. After treatment with benzene as before (p. 1137), 19°2 grams 
were obtained with the m. p. 156—158° and with the rotation in ace- Th 
tone solution [a]? +2°2° for c=8°3615. After recrystallisation from esters 
benzene, 17°9 grams (m. p. 157°5—158°5°) resulted, and a determination Th 
of the specific rotation in acetone solution gave the following result : oe 
1=2, c=8'256, ap +0°37°, [a]p + 2°2°. 4 ‘a 
On analysis : grams 
03945, dried at 100° and dissolved in methyl alcohol, required — "*hi 
14-4 cc. W/10 potassium hydroxide for neutralisation. C,;H,,0,N od 
requires 14-04 ¢,c. hii 
0°1939 gave 0°0925 H,O and 03985 CO... H=5'3; C=56°0. and th 
C,,H,,0O,N requires H=5°3 ; C=55°5 per cent. quickly 
Like the isomeric f-ester, this compound is beautifully crystalline : ~ 
rs 


It dissolves at once in cold dilute ammonia solution, is very 
solyble in agetic ether or acetone, and easily in chloroform, but only 
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sparingly in benzene or carbon disulphide. It is hydrolysed with 
more difficulty than the B-ester. Its melting point was not raised on 
recrystallisation from benzene and from other solvents. 


Esterification of Amyl Alcohol by Nitrophthalic Anhydride. 


This experiment indicates the formation of a- and f-acid esters. 

An active amyl alcohol (33 grams, a 5 per cent.-excess) with the 
rotation ap — 4°7° (7 = 2) was heated on the water-bath for 15 minutes 
with nitrophthalic anhydride (69 grams) until the mass became a solid 
paste, which was then cautiously heated with a free flame until the 
solution was clear. By treatment with benzene as before, and after 
recrystallisation of the resulting product from benzene, 55 grams were 
obtained ; this, on analysis, had the composition C,,H,,O,N. The 
specific rotation in acetone was [a]j> +1°1° (c=8-1155). The pro- 
duct contained no normal ester, as it dissolved at once in cold dilute 
ammonia ; it melted at 151—154°, and an examination of the melting 
points of successive crops from benzene and other solvents showed 
that it obviously presented a case of mixed crystals of the acid esters 
containing the a-compound in excess. The separation would have proved 
very tedious, and was not in this case carried out. Systematic crys- 


tallisation of the benzene mother liquors yielded a product containing 
excess of the B-ester, and crystallising from carbon disulphide in 
glassy, transparent prisms (m. p. 101—110°); a determination of its 
rotation in benzene gave [a], +5°9° for c=3'5655. 


Esterification of Amyl Alcohol by Nitrophthalie Acid. 


This experiment affords evidence for the production of a- and f-acid 
esters, and of the normal ester. 

The amyl alcohol used had the rotation ap — 6° (7=2), and contained 
therefore about 60 per cent. 7-amyl alcohol. 

3-Nitrophthalic acid (89 grams) was heated on the water-bath for 
14 hours with amyl alcohol (178 grams) and sulphuric acid (26°7 
grams). When the bulk of the mineral acid had been removed by 
washing with water, the amyl alcohol was separated by distillation 
under diminished pressure, and further esterified as before, in order to 
obtain a larger yield of crystalline esters. The alcohol removed after 
each esterification was markedly less levorotatory than the original 
and this indicated that the active constituent was esterified more 
quickly than the inactive. The brown oil obtained from the two 
esterifications was warmed, and an excess of carbon disulphide added. 
After several hours, the crystals were drained off and washed with 
carbon disulphide. In this way, 80 grams of a mixture of the acid 
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esters were obtained, from which 1-d-amyl-3-nitrophthalic acid may be 
separated (loc. cit.). 

From the carbon disulphide mother liquors, the carbon disulphide 
and the free amyl alcohol were removed by distillation in a current of 
steam. A calculated excess of sodium hydroxide was added to the 
residue, and the distillation in steam was continued until no more 
alcohol was observed to distil over. The residue in the flask, although 
alkaline, contained a heavy oil, which was separated, and proved to be 
the normal ester, and could only be hydrolysed with difficulty. The 
amy! alcohol obtained from it by heating it with 33 per cent. sodium 
hydroxide and then distilling in steam, weighed 22 grams, and had the 
rotation ap — 5°83° (/=2). 

For the formation of normal ester, compare Wegscheider and Lip- 
schitz (loc. cit.), and Graebe and Rostowzew (Ber., 1901, 34, 2107). 


Esterification of Methyl Alcohol by Nitrophthalic Anhydride. 


Nitrophthalic anhydride (38 grams) was heated on the water-bath 
under a reflux condenser for 2 hours with methyl alcohol (100 c.c.), 
After standing overnight, the alcohol was evaporated off, and a 
crystalline solid was obtained which was sparingly soluble in cold, 


but much more easily in hot water. A small portion of it dis- 
' solved at once in cold dilute ammonia, and therefore no normal 
ester was present. After one crystallisation from water, the air- 
dried substance weighed 40 grams, and a sample of it, dried at 
100°, melted very slightly between 138° and 145°, and mainly between 
145° and 149°. By repeated crystallisation, each time from much water, 
the melting point became very gradually sharper, whilst each crys- 
tallisation yielded glassy, prismatic needles, apparently uniform in 
crystalline form. The variations in melting point undoubtedly 
showed that the case was one of mixed crystals of the a- and 
B-acid esters, with the former in excess. The difficulty of 
separating the constituents of the mixture in such a case is exem- 
plified by the experience of Balbiano (Gazzetta, 1876, 6, 229), and of 
Marckwald and the author (loc. cit.). 

The isolation of the a-compound was conducted by recrystallising 
the above product 25 times from water ; the progress of the separ 
tion was observed by a determination of the melting point of each 
successive crop, dried at 100°. The sulphuric acid, in which the 
melting point tube was immersed, was kept in constant agitation, 
and the temperature, when near the melting point, was not allowel - 
to rise more than 1° per minute. The points at which melting w# 
just observable, and at which the last trace of solid had disap 
peared, were carefully noted by aid of a lens. The melting points 
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were not corrected. Finally, 4 grams of the a-compound were obtained, 
the melting point of a portion of which, dried at 100°, was 152—153°. 
On analysis : 


06237, dried in air, lost 0-0480 at 105°. H,O=7°7. 
C,H,O,N + H,O requires H,O=7°4 per cent. 
0'5757 anhydrous substance, dissolved in methyl alcohol, required 
257 c.c. V/10 potassium hydroxide for neutralisation. 


C,H,O,N requires 25°6 c.c. per cent. 


Wegscheider and Lipschitz (Monatsh., 1900, 21,794), under different 
conditions from those just described, claim to have obtained a 90 per 
cent. yield of the a-ester, and give its melting point as 144°. On 
repetition of the esterification exactly under the conditions quoted by 
them, I was unable to confirm their results. The phenomenon of 
mixed crystals was: again evidenced. The a-ester was, however, 
isolated, and melted as before at 152—153°. 

On esterification of methyl alcohol by 3-nitrophthalic acid by the 
E, Fischer-Speier method and removal of the small amount of normal 
ester produced, a product was obtained which melting point determin- 
ations again indicated to consist of mixed crystals of the a- and B-acid 
eters. The separation of the B-ester was, however, not attempted. 
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. in CXXII.— Derivatives of 3-Nitrotolyl-4-hydrazine. 

ved By Frank Geo. Pore and Jas. Morton Hirp. r 

of Sour years ago, one of the authors, in conjunction with J. T. Hewitt, 
sem- fe {eribed m-bromo-p-tolylhydrazine and its derivatives (Trans., 1898, 
d of $873,174), from which it was thought that closed ring compounds might 


be produced by elimination of halogen from the nucleus and hydrogen 
itm the side chain. At the time, however, no satisfactory results 
tre obtained, although by the action of heat on the anhydrous 
iassium salt of the pyruvic acid hydrazone, two substances, one 
king acidic in character and the other phenolic, were formed. Their 
ture was not further determined at the time, and experiments are 
hil being carried on in the hope of eliminating hydrogen bromide 
om the compounds. 

It has occurred to us that the corresponding nitrohydrazine might 
‘hore suitable for the formation of such closed rings, and experi- 
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ments are now being carried out in this direction, but as none has 
yet been brought to a perfectly definite conclusion, we think it advis. 
able to give a short account of the preparation and properties of the 
hydrazine and some of its chief derivatives. 

For the purpose of obtaining the hydrochloride of this hydrazine 
from m-nitro-p-toluidine, V. Meyer and Lecco’s method (Ber., 1883, 16, 
2976) was employed. The double tin salt of the hydrazine was freed 
from tin by hydrogen sulphide ; on filtering off the precipitated tin 
sulphide and carefully evaporating the solution, the hydrazine hydro- 
chloride was obtained in orange-red plates or needles. The recrystal- 


lised salt melts and decomposes at 190—191°, and is soluble in water 0 
with slight decomposition. In aqueous solution, the salt shows the 

characteristic reduction of Fehling’s solution, On analysis ; A 

| 

00872 gave 15°8 c,c. nitrogen at 18° and 7445 mm. N= 20°36, potas 

C,H,,O,N,Cl requires N = 20°68 per cent. some 

Sa 

The hydrazine is obtained from a solution of the hydrochloridein & ,,, , 

water, by the addition of sodium acetate, as a dark red precipitate. By... 

This, after being dried over sulphuric acid and recrystallised from J jis) 

ether, separates in dark red tufts of needles melting at 110°. On Bij , 

analysis ; cpita 

0:0949 gave 20°5 c,c. nitrogen at 19° and 757 mm. N=24'80, — 

. ? ic 

O,H,O,N, requires N = 25°15 per cent. a 

The base is very soluble in acetone, and moderately so in ether, 0-10 
ethyl acetate, chloroform, or benzene, but only slightly so in light 

petroleum. 
Pyruvic acid nitrotolylhydrazone, NO,*C,H,*NH-N:0(CH,)*00;H, “wh 
was ob 


is precipitated immediately on mixing aqueous solutions of the hydr 
azine hydrochloride and pyruvic acid as a chrome yellow, amorphous 
substance. This, when recrystallised from alcohol, melts at 203° with 
decomposition. It is soluble in acetone, ether, ethyl acetate, benzene, 
or chloroform, but only slightly so in light petroleum. On analysis: 


0°1024 gave 16:1 c.c. nitrogen at 25° and 747 mm. N=17'50. 
C,,H,,0,N, requires N = 17°72 per cent. 


The ethyl ester, NO,*C,H,*NH-N:0(CH,)-CO,0,H,, was prepared bj 
boiling the hydrazone with its own weight of sulphuric acid and t# 
times its weight of absolute alcohol for 10 hours in a reflux apparatis 
The mixture was then poured into dilute sodium carbonate solutis 
when the ester separated in yellow flocks, which, on crystallise™” 
from alcohol, formed small, orange needles melting at 140°. 
analysis ; 
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01353 gave 18°9 c.c. nitrogen at 24° and 768 mm. N=15°79. 
C,,H,,0,N, requires N = 15-85 per cent. 


Nitrotolylsemicarbazide, NO,*C,H,-NH:NH-CO-NH,, is immediately 
precipitated on mixing aqueous solutions of the hydrazine hydro- 
chloride (2 grams) and potassium cyanate (0°81 gram) as a light 
yellow, sandy powder. This, when recrystallised from much hot 
water, in which it is only slightly soluble, is obtained in small, yellow 
needles which melt at 201° with decomposition, and are only slightly 
soluble in the usual solvents. On analysis : 


01449 gave 33°9 c.c, nitrogen at 25° and 751 mm. N=26°44, 
O,H,,0,N, requires N = 26°67 per cent. 


An aqueous solution of this substance, on treatment with alcoholic 
potash in the cold, gives a deep violet colour, and if left to stand for 
some days, a crystalline precipitate is obtained. 

Salicylaldehyde nitrotolylhydrazone, NO,°C,H,*-NH°N:CH:C,H,°OH, 
vas obtained in the following manner : 1°25 grams of salicylaldehyde 
were covered with water, and 2 grams of the hydrazine hydrochloride, 
dissolved in water, added ; the whole was then well shaken after the addi 
tion of excess of sodium acetate solution. A brilliant scarlet pre- 


ipitate was immediately produced; this was recrystallised from 
benzene, in which it is very soluble, separating in the form of needles 
which melt at 226°. It dissolves only sparingly in ether, ethy] acetate, 
chloroform, or light petroleum, On analysis: 


01083 gave 15°1 c.c. nitrogen at 20° and 737 mm. N=15-46. 
C,,H,,0,N, requires N = 15°50 per cent. 

Furfuraldehyde nitrotolylhydrazone, NO,*C,H,*-NH-N:CH:C,0H, 
was obtained in an analogous manner, giving a bright scarlet precipi- 
tate, which was recrystallised from hot alcohol, forming red needles 
melting at 165—166°. It dissolves easily in the ordinary organic 
wlvents except ether and light petroleum. On analysis: 


01285 gave 19°6 c.c, nitrogen at 15° and 755 mm. N=17°75, 
C,,H,,0,N, requires N= 17:14 per cent. 

Benzaldehyde nitrotolylhydrazone, NO,*C,H,*NH-N:CH-C,H,, was 

80 obtained in the same manner, and crystallised from benzene in 

od needles which melted at 166°. It is only slightly soluble in light 

‘troleum or acetone. On analysis : 

00996 gave 15:2 cc. nitrogen at 26° and 759 mm, N=16:74. 
C,,H,,0,N, requires N = 16°47 per cent. 

Phenylnitrotolylthiosemicarbazide, NO,*C,H,*NH*NH:CS-NH-O,H,, 

‘prepared by mixing ethereal solutions of the free hydrazine and 
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phenylthiocarbimide in molecular proportion, and allowing the solu- 
tion to stand for about half an hour. When recrystallised from § ¥ 
ether, it gave tufts of golden yellow needles melting and decompos- § “¥ 


ing at 188°. On analysis: nat 
0°1010 gave 16°8 c.c. nitrogen at 17° and 750 mm. N=18°91. s 


C,,H,,0,N,S requires N = 18°54 per cent. I 


Nitrotolylallylthiosemicarbazide, NO,°C,H,-NH-NH:CS:NH°C,H,, § resir 
was’ prepared in a similar way, and formed yellow needles melting § TI 
at 168—170° when recrystallised from dilute alcohol. On analysis: J Pin 


0:1120 gave 21 c.c. nitrogen at 28° and 759 mm. N=21°0. knot 
C,,H,,0,N,8 requires N = 2152 per cent. y : 


Acetylnitrotolylhydrazine, NO,°C,H,*>NH*NH:-CO:CH,, was prepared § that 
by boiling the hydrazine with an excess of glacial acetic acid for J resin 
4 hours in a reflux apparatus, pouring the product into water, filter- J in th 
ing, washing with cold water, and recrystallising from hot water. J isolat 


It formed small, golden needles melting at 161°. On analysis: leavin 
0:1012 gave 17°5 c.c. nitrogen at 19° and 768 mm. N=20°25. havin, 
C,H,,0,N, requires N = 20°10 per cent. _ 

We hope to be able to communicate further results as to the mg 
behaviour of certain of these compounds shortly. resin, 
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OXXIII.—The Constituents of the Sandarac Resins. 
By Txomas AnpEerson Henry, D.Sc.(Lond.), Salters’ Company's 


the aut! 
derivati 


Research Fellow in the Laboratories of the Imperial Institute. The 
THe sandarac of commerce is derived from the plant Callitris quam e 
on of J 


valvis which occurs in the plant family .Cupressinee, a subdivision 0 
the Conifer. Like most plants of this order, the various species? hey dis 
Callitris secrete an oleo-resin, which at certain seasons of the ye polid pot 
exudes from the stem, and by evaporation of a portion of its con inedp"as rege: 
volatile matter forms small, hard masses of resin technically known id, an ; 
“tears.” Itis in this form that sandarac occurs in commerce, ubstance 
“tears” being long and narrow, having a glassy fracture, and a pugs alcoho 
gent, aromatic, and slightly bitter taste. The resin is employed in t 140°, 

manufacture of some of the finer kinds of spirit varnishes, and in W@pose req 
form of a powder for dusting on the surface of parchment to ineré termine 
its absorptive power for ink, Dtained 


o the 
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There also appears on the market from time to time a similar resin, 
which, since it is exported :from Australia, is commonly known as 
“white pine resin,” or ‘ Australian sandarac.” This substance is the 
natural exudation product of Callitris verrucosa, and differs from the 
common sandarac chiefly in the larger size of its “tears” and its 
smaller solubility in alcohol. 

It was with the object of comparing the constituents of these two 
resins that the present investigation was undertaken, 

The chemical constituents of the resins of the various species of 
Pinus have been the subject of many investigations, but the less 
known members of the Conifere have been somewhat neglected in 
this respect, so that the literature of the present subject is meagre. 

The first important paper dealing with the chemistry of sandarac is 
that of Johnston (Phil. Trans., 1839, 129, 239), who asserts that the 
resin contains three acids differing in their solubilities in aleohol and 
in those of their potassium salts in alcoholic potash. These acids were 
isolated in the following way. The resin was exhausted with alcohol, 
leaving an insoluble, yellow, amorphous powder, soluble in ether and 
having a composition represented by the formula C,,H,,0;. This the 
author calls A resin. The alcoholic extract was then treated with 
solid potash, whereby an insoluble potassium salt was obtained. This, 
on solution in water and addition of ,hydrochloric acid, gave B 
resin, which is similar in appearance to the A resin, but is soluble in 
alcohol, and has a composition represented by the formula C,)H,,O,. 
The portion soluble in alcoholic potash gave, on regeneration with 
acids, a mixture of two resins, of which one, soluble in alcobol and on 
combustion giving numbers corresponding with those required for the 
formula C,,H,,O,, is named C resin; whilst the other, insoluble in 
alcohol, is regarded as identical with A. No attempts were made by 


the author to crystallise these substances, nor were any well-defined 


‘Aderivatives obtained from them. 


The only other paper of interest is that of Tschirch and Balzer 


7 Arch. Pharm., 1896, 234, 291). These authors adopted a slight modifica- 
pion of Johnston’s method for the separation of the constituents, namely, 


hey dissolved the resin in aqueous potash, and to this solution added 
jolid potash, so precipitating an insoluble potassium salt, from which 


jneig’as regenerated, by solution in water and addition of hydrochloric 


id, an amorphous resin which was named sandaracolic acid. This 
ubstance is said to be obtained in a crystalline condition by allowing 
salcoholic solution to stand for a long time. The crystals melted 
t 140°, and on combustion numbers were obtained agreeing with 
hose required by the formula C,,H,,O,. The molecular weight was 
termined by Raoult’s freezing point method, and the curious results 
tained by the authors are tabulated below. In calculating M from 
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the experimental data, evidently some arithmetical error has been 
made by the authors, as is shown by the recalculated values of M given 
in the tabular statement (C,,H,,0, requires M = 718). 


Molecular Melanie 
Weight of Depression of | weight calcu- — 


substance used. | freezing point. |lated by Tschirch weight 
and Balzer. recaleulated, 


Weight of 
solvent used 
(phenol). 


28°85 0°255 1°00° 660 65 
25°102 0°200 0°49 645 120 
25°10 0°260 0°12 690 638 


Such arithmetical errors frequently occur throughout the paper, 
and will be pointed out as they arise. By titration experiments with 
normal potash, the authors find that this acid is monobasic, yet they 
assign without comment to the copper salt, obtained by double decon- 
position between copper sulphate and the sodium salt, a formula 
representing it as that of a dibasic acid, namely, C,,H,,0,0u. The 
silver salt was also prepared by the addition of excess of ammonia 
to sandaracolic acid and the further addition of ammoniacal silver nitrate 
solution. On standing for some weeks, this solution deposited a precipi- 
tate which was found to contain 12°84 per cent. of silver ; O,,H,.0,Ag 
requires 13 per cent. By the action of acetic and benzoic anhydrides, 
monoacetyl and monobenzoyl derivatives respectively were obtained, 
but only in an amorphous condition. By the action of hydriodie acid 
in Zeisel’s apparatus, evidence of the existence of a methoxyl group in 
the acid was obtained, whilst oxidation with nitric acid gave picric and 
oxalic acids. Fusion with potash gave a substance resembling resor- 
cinol. From the potassium salt soluble in excess of potash, was isolate 
by the addition of hydrochloric acid, a second resin, to which the 
name callitrolic acid was given. This acid was with difficulty obtained 
in a crystalline condition by conversion into its amorphous lead salt 
and regeneration by sulphuretted hydrogen. The crystallised aci 
melted at 248°, and, on combustion, the following results we 
obtained : 


(i) C=77-79, H=8°63; (ii) C=77:58, H= 8°30. 
C,;H,.,0, requires, according to the authors’ calculations, C=77' 
H =8°43 per cent. 


In reality, this formula requires C= 78-6, H =8-4 per cent., and 
results obtained by the authors are better represented by the formu 
CyoHg 0,, where C = 78-15, H = 8-40 per cent. 

The molecular weight was determined by the freezing point me 
and found to agree with that required by the formula O,,H,,0;- 


~ 
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same carelessness in calculation is shown here, thus: 22°14 grams of 
phenol, containing 0°331 gram of the acid, gave a depression 0:12°. 
According to the authors, this corresponds to a molecular weight 952 ; 
in reality, the calculated value is 921, but this is sufficiently near that 
required by the formula C,,;H,,0, to be within experimental error. 
(allitrolic acid was also found to be monobasic, yet the authors assign 
to its copper salt the formula C,;H,,.0,Cu, which is that of a salt of a 
dibasic acid. On subjecting the crude resin to steam distillation, a quan- 
tity of a brown oil having an odour of pine trees was obtained, but 
was not further examined. Since the appearance of the above paper, 
Tschirch, in a note appended to a paper on another subject, mentions 
that he has isolated from sandarac a new crystalline acid by shaking 
an ethereal solution of the resin with sodium carbonate (Dieterich, 
Analyse der Harz, Berlin, 1900), but no further information regarding 
this acid has been published. 

It will be convenient to include in this account of previous work 
on this subject a short résumé of the work so far accomplished on 
pine resins, since, as will be seen later, the constituents of sandarac 
bring it into close relation with this class. 

From commercial colophony there have been isolated by various 
workers, sylvic, sylvinic, isosylvinic, pimaric, pinic, and abietic acids, 
but the researches of Liebermann (Ber., 1884, 1'7, 1884), Haller (Ber., 
1885, 18, 2165), Maly (Annalen, 1869, 149, 115, 161, 244), and espe- 
tially of Mach (Monatsh., 1893, 14, 186 ; 1894, 15, 627), show clearly 
that most of these substances are merely impure forms of abietic acid. 
Mach examined a large number of specimens of American and French 
colophony and of “ galipot,” and in each case he was only able to iso- 
late abietic acid, OC,gH,,O,. On the other hand, Vesterberg, in his 
researches on the constituents of ‘‘colophonium de Bordeaux” (Ber., 
1885, 18, 3331 ; 1886, 19, 2167; 1887, 20, 3251), found that this 
resin contained two isomeric crystalline acids of the formula C,,H,,0,, 
m which he gave the names d- and l-pimaric acids. Whilst Mach 
ifm Ould not obtain these substances from the Bordeaux colophony now 
obtainable in commerce, he was able, by an examination of a specimen 
of d-pimaric acid supplied to him by Vesterberg, to confirm the results 
of the latter. 

These results are perhaps to be explained on the assumption that 
American colophony has, in European commerce, almost replaced the 
French product, whilst the American “thus” is now commonly sold 
h place of “ galipot.” 

Ina more recent investigation of Bordeaux turpentine by Tschirch 
: nd Bruenig (Chem. Centr., 1900, ii, 1270), it was found that this 
‘sin contains two crystalline acids, pimarinic acid ’(m. p. 114—118°) 
nd pimaric acid. The latter, isolated by treating the resin with soda 
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solution, was optically inactive, whilst the pimaric acid, isolated 
from a specimen of Bordeaux colophony by crystallisation from alcohol, 
was strongly levorotatory. The optical inactivity of the first- 
mentioned specimen of acid is accounted for by the authors on the 
assumption that racemisation occurs with the conversion into the sodium 
salt. These results are in direct opposition to those of previous 
workers—thus, Vesterberg used the sodium salts of d- and /-pimaric 
acids as a means of isolating and purifying these substances, and the 
products so obtained were optically active. Further, it should be 
pointed out that, although the authors give a certain amount of 


evidence for the statement that pimarinic acid is a new substance, P 
they content themselves as regards pimaric acid with the assertion ‘ 
that they obtained it, and give no details as to how they identified it. i 
Since no account of an inactive pimaric acid has, so far, appeared in be 
chemical literature, it is curious that no attempt was made to charac- § 
terise this substance when opportunity offered. re 
Attention should also be drawn to the work of Bruylants on the § 
destructive distillation of colophony (Ber., 1875, 8, 1463 ; 1878, 11, & ,.,. 
447). This author obtained in this way ethylene, propylene, and wh 
amylene, and by the destructive distillation of calcium pimarate, § ,,,, 
similar compounds, together with methyl ethyl ketone, diethyl ketone, # 
toluene, dimethylbenzene, terebene, and diterebene. He infers from § ,,., 
these observations that the constitution of pimaric acid may be repre- reg 
sented by the formula on? 
C,H,°C,H,(CH,)-C,H,(CH,)°C,H,°CO,H, asa 
which is that of a carboxyl derivative of a diterpene. ° 
In a similar manner, Bischoff and Nastvogel (Ber., 1890, 23, 1921) obtaj 
obtained, by destructively distilling colophony in a vacuum, an oily § ,,, , 
hydrocarbon boiling at 216—225°, and a volatile resin to which they 
give the name isosylvinic anhydride, since, on treatment with sodium 
hydroxide, it gave the sodium salt of an acid isomeric with sylvinic 
acid, C,,H, 0, To the oily hydrocarbon which they regarded sf Th 
identical with the colophene of Deville (Ann. Chim. Phys. 184m ls de 
[ii], '75, 37) and Riban (Ann. Chim. Phys., 1875, [v], 6, 40), they Det 
ascribe a constitution, which is that of a condensed dihydrocymen®, tube 5 
whilst they further represent isosylvinic acid as a carboxy-derivatirt 48 the 
of colophene, and the anhydride as formed by the condensation of tw# Acti 
molecules of the acid. 2 sg 
It will be seen that such a formula closely resembles that suggest! aug a 
by Bruylants. Similar evidence of the aromatic character of t a of 
nucleus of the acid of colophony is given by Ciamician, who ded, 
tained, by distillation of this resin with zinc dust (Ber., 1878, 11,2”) “a 
ir 


such substances as toluene, naphthalene, methylnaphthalene, and meth 
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anthracene, Further, Wallach and Rheindorff (Annalen, 1892, 271, 
285) find that colophony, on destructive distillation, yields pinene and 
dipentene. 


EXPERIMENTAL. 
Extraction of the Volatile Oil. 


The crude resin was dissolved in alcohol, and the solution made 
alkaline by the addition of alcoholic potash in slight excess. The 
alcohol was then removed by distillation, the residual semi-solid 
mixture of potassium salts dissolved in water, and the solution shaken 
out with ether. Preliminary experiments having shown that the 
volatile oil of the plant consisted only of hydrocarbons, the ethereal 
solution so obtained was next dried over solid potasb, which removed, 
besides water, a small amount of resinous matter. The ether was 
then removed by distillation, and the residue fractionally distilled. In 
general, it was separated into three portions, having the following range 
of boiling points : 150—180°, 180—220°, and 220—280°. From the 
first of these, a large fraction boiling from 150—160° could be obtained, 
which on redistillation over metallic sodium gave a portion boiling 
from 152—159°. The fraction 180—220° evidently was a mixture, 
but it was found impossible to get even a partial separation of its 
constituents, since on distillation the temperature rose fairly rapidly and 
regularly between the two limits mentioned. The fraction 220—280°, 
on rectification over metallic sodium, came over mostly from 260—280° 
asa slightly viscous, colourless oil, having an odour faintly recalling 
that of peppermint. With the small quantities of volatile oil obtain- 
able, it was impracticable to attempt by further fractionation to 
obtain purer products than these two fractions. Their examination 
was therefore proceeded with. 


Fraction boiling between 152° and 159°. 


This fraction was a colourless liquid with a pleasant, pine-like odour. 
Its density at 15°/15° was 0°8588 [pinene 0°8586]. 

Determinations of the optical activity of the fraction in a 100 mm. 
tube with a Laurent’s polarimeter, using sodium light, gave + 18°27’ 
48 the mean of ten observations, whence [a], + 21°30’. 

Action of Nitrosyl Chloride.—To a few c.c. of the fraction the same 
quantity of amyl nitrite was added, and sufficient glacial acetic acid to 
form a clear solution, which was then cooled by immersion in a mix- 
ture of sodium sulphate and hydrochloric acid. To the solution was 
added, drop by drop, strong hydrochloric acid so long as a blue colour 
was produced, which disappeared on cooling and shaking. After a 


*W minutes, a crop of crystals separated. These were removed by 
VOL, L¥XIx. 41 
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filtration, and recrystallised by addition of methyl alcohol to their 
chloroform solution. The substance so obtained formed silky masses 
of minute needles melting at 103° when heated slowly. For purposes 
of comparison, a specimen of pinene nitrosyl chloride was prepared 


from commercial turpentine by the method described above, This f° ; 
presented a similar appearance to that obtained from sandarac oil, and 
melted at the same temperature under the same conditions. is 
Preparation of the Nitrolpiperidide.—The nitrosyl chloride of the tl 
hydrocarbon was dissolved in a little alcohol, and a slight excess of st 
piperidine was added to the solution, which was then warmed on the ow 
water-bath for a few minutes. To the mixture, water was added, gl 
causing the precipitation of a heavy, oily liquid. The excess of water a 
was poured off, and the oil dissolved in alcohol and set aside. After 
several days, a small quantity of a substance crystallising in needles the 
and melting at 118°, after recrystallisation from alcohol, was ob. pro 
tained. A specimen of pinene nitrol piperidide, obtained in like hen 
manner from pinene nitrosylchloride, melted at 118°. tot 
The fraction of lower boiling point from sandarac oil is therefore deme 
composed chiefly of d-pinene, ane i 
Fraction boiling between 260° and 280°. 
This portion of the volatile oil, when freshly distilled over metallic B 
" sodium, is a colourless, somewhat viscous liquid, but on standing it Seaqui 
slowly assumes a greenish colour and shows slight signs of resinif- 
cation. Its density at 15°/15° was 0:9386. ae 
From its boiling point and general behaviour it. was apparently a tithe 
sesquiterpene or a diterpene, and further examination showed the B__ 
latter supposition was most prebably correct. It 
The oil is dextrorotatory. A determination of the specific rotation ‘ 
in a 100 mm. tube, using sodium light, gave +51°42’ as the mean of on 
ten observations, whence [a]p +55°. PA be 
The refractive index was determined by means of an Abbé refracto se 
meter and gave 1 = 1°5215 as the mean of ten observations. aalaes 
On analysis, the following result was obtained : 
0°1237 gave 0°400 CO, and 0128 H,O. C=881; H=11-4. The n 
C.pH,. requires C=88'3; H=11°7 per cent. with eth 
the disso 


A determination of the vapour density by Victor Meyer's methoi, 
using anthracene vapour as the heating agent, gave the molecular 
weight = 262 ; C,,H,. requires 272. 

Ethereal solutions of this hydrocarbon do not absorb hydroget 
chloride, but they decolorise bromine with evolution of hydrogel 
bromide. 


tion 
n of 


cto 


42 #&s 
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A satisfactory bromine derivative has not been obtained, the product 
being an oil which does not crystallise from solvents or become crys- 
talline when kept at low temperatures, On heating, even in a vacuum, 
it decomposes, giving resinous products, so that no method has been 
found of obtaining it in a pure state. 

The hydrocarbon does not combine with either nitrosyl chloride or 
nitrogen trioxide, In several attempts to prepare such derivatives by 
the usual methods no combination occurred, and the unaltered sub- 
stance was recovered at the end of the experiments. On adding strong 
sulphuric acid, drop by drop, to a solution of the hydrocarbon in 
glacial acetic acid, a deep violet colour is produced, which disappears 
on warming. 

The physical constants of this oil show that it does not belong to 
the class of sesquiterpenes, but probably to the diterpenes. The 
properties of the latter class of substances are so far but imperfectly 
known. The constants given in the following table are those ascribed 
to the few diterpenes which have been isolated. For convenience of 
comparison, the constants usually characteristic of the sesquiterpenes 
are also added : 


Relative Vapour | Refractive B Action of 
density. density. | index. - HCL. 


Sesquiterpenes 0°9001—0°918) 7°23 | 1°501 | 240—260°| Forms additive 
products. 
Diterpenes 0°938 9°6 _— 260—315 | No action. 

Sandarac hydro- 

carbon 0°9386 9°28 15215 | 270—280 | No action. 

| 


It will be seen on comparing the constants of these various sub- 
stances as given in the table that the characters of the hydrocarbon of 
high boiling point of sandarac oil are in general agreement with those 
of the diterpenes, and that it must be regarded as a member of this 
class of compounds. 

Inactive Pimaric Acid. 


The mixture of potassium salts of the resin acids, after treatment 
with ether for the removal of the volatile oil, was warmed to remove 
the dissolved ether, and to the aqueous solution a 20 per cent. solution 
of potash was added until no further precipitation occurred. The 
slimy precipitate rapidly settled to a semi-solid mass, from which the 
Supernatant liquid could be readily poured off. The precipitated 
potassium salt was then dissolved in water, strong hydrochloric acid 

ided in excess, and the semi-solid mixture poured upon a calico filter, 
rashed free from acid, and dried in a current of warm air. When 
412 
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quite free from moisture, it was treated with 90 per cent. alcohol, 
when it was found that a considerable portion of the resin was no 
longer soluble in that medium, The insoluble matter was filtered off, 
the filtrate made alkaline with alcoholic potash, and the solvent re. 
moved by distillation. With the residue, the precipitation of the 
potassium salt and the regeneration of the resin, as already described, 
was repeated until a resin quite soluble in alcohol was obtained. If 
to this alcoholic solution of the purified resin sufficient water be added 
to produce a slight turbidity, and the mixture be set aside for several 
days, a crop of crystals is obtained which when recrystallised melt at 
171°. It was found more expeditious, however, to proceed in the 
following way. The alcoholic solution of the resin was treated with 
alcoholic soda and the solvent removed by distillation. The residual 
sodium salt was dissolved in water, and sufficient 10 per cent. aqueous 
sodium hydroxide added to cause a considerable precipitate to form. 
This mixture was then warmed on the water-bath until solution 
occurred. On cooling, a precipitate of the sodium salt slowly formed, 
which, when examined by aid of a lens, was found to consist of 
minute needles. This sodium salt can be recrystallised in the same 
way. 

From this recrystallised salt the acid was then obtained by adding 
hydrochloric acid to its aqueous solution, filtering off the precipitate, 
and after washing and drying it, dissolving in alcohol and adding 
sufficient distilled water to render the solution faintly turbid. From 
this solution there separated in a few hours a colourless, crystalline 
substance, which, after recrystallising once or twice in the same manner, 
melted constantly at 171°. 

The pure substance can also be prepared without the intervention 
of the sodium salt by taking the purified resin left after removal of 
the alcohol by distillation and distilling under 10—20 mm. pressure. 
Under these conditions, the residue distils easily and the temperature 
rises rapidly to 265° under 11 mm. pressure, and remains constant 
until the whole has passed over, condensing at first as a white, crys 
talline sublimate, and later, owing to the increasing temperature o 
the receiver, as a very viscous resin. A little care has to be exercised 
in carrying out this operation, as the solid acid is rather liable to block 
up the exit tube of the flask from which it is being distilled. The 
distillate obtained is at the ordinary temperature a vitreous, yellowish 
solid which can be left for months without showing signs of crystallis 
tion. If, however, a little 70 per cent. alcohol be added to it, erystals 
immediately begin to form round the edges, and the whole mass bt 
comes warm and crystallises rapidly. On recrystallisation, this sci 

melts at 171°, and is in every way similar to that obtained by ™ 
first-mentioned method. It crystallises in spreading rosettes of fit 


showin, 
exposur 
0-044 
0°145 


Ethyl 
iodide, a 
on addit 
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tened needles, is soluble in alcohol, ether, chloroform, or acetone, 
insoluble in water or petroleum, and slowly dissolves when warmed 
with aqueous alkali solutions. When a little is dissolved in a few 
drops of chloroform and about 1 c.c. of acetic anhydride added, the 
addition of a drop of strong sulphuric acid causes the formation of a 
transient pink coloration. This reaction is a convenient means of 
distinguishing the acid from abietic acid, which gives, under the same 
conditions, a deep purple colour fading into olive green. 

The crystalline acid prepared in any of the three ways described is 
not optically active in alcoholic solution. 

Combustions of the substance dried at 100° gave the following 
results : 


0:1280 gave 0°374 CO, and 01083 H,O. C=796; H=9°3. 
01638 ,, 04745C0O, ,, 0:1413H,O. C=789; H=9°5. 
C,5H,,0, requires C=79°4; H=9°9 per cent. 


Combustions of the non-crystalline distillate were also made in order 
to ascertain whether this substance might not be the pimaric anhydride 
which has been asserted to exist. 


0'1647 gave 0°4792 CO, and 0:1497 H,O. C=79°41; H=9-96. 
C,)H,,0, requires C=81'9 ; H=9°8 per cent. 
CypH,0, » C=79:47;H=99 ,, 


This result shows that the distillate is merely pimaric acid in an 
amorphous form. 

The basicity of the acid was determined by titration of the alcoholic 
solution of the acid with decinormal soda, using phenolphthalein as 
indicator. 0°0902 required 3°5 c.c. V/10 NaHO; whence 40 grams 
NaHO neutralise 301 grams of acid. O,)H,,0, = 302. 

Salts of Inactive Pimaric Acid.—The sodium and potassium salts 
are easily obtained by boiling the acid with excess of solution of the 
alkali. On cooling, the salt crystallises out in microscopic needles. 

The silver salt was prepared by the addition of silver nitrate solu- 
tion to an aqueous solution of the sodium salt of ¢-pimaric acid. It 
isan amorphous white powder which is only slowly affected by light, 
showing merely a slight purple coloration even after several weeks’ 
exposure. 


00445 gave 00117 Ag. Ag=26°2. 
01454 ,, 0:0384 Ag. Ag=26°3. 
* C,,H.,0,Ag requires Ag= 26:4 per cent. 


Ethyl Ester —When the silver salt of pimaric acid is added to ethyl 
iodide, a deep purple-red solution is formed, which becomes colourless 
on addition of alcohol, silver iodide being precipitated. The residue 
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left after removal of the solvent cannot be crystallised, but can be 
distilled at 280—285° under 11—12 mm, pressure, It is a slightly 
yellowish, hard resin. 


Comparison of Abietic and Inactive Pimaric Acids. 
As considerable difficulty has been found by previous workers in 


distinguishing between abietic and d- and /-pimaric acids, it was , 
thought advisable to prepare specimens of abietic and d-pimaric acids C 
for comparison with the acid obtained from sandarac resin. A 
Abietic acid was easily obtained by the solution of colophony, de- 
rived from Pinus excelsa grown in India, in 90 per cent. alcohol and 
the addition of sufficient water to render the solution turbid. Aftera ” 
few days, a large crop of colourless crystals was obtained. These were oe 
recrystallised in the same way, and the recrystallisation repeated until 

the substance melted constantly at 161° [the melting point of abietic A 
acid is 152° (Mach), or 165° (Maly)]. The substance crystallises grad 
when pure in broad laminz, which are colourless and possess a brilliant bron 
lustre. equi 
The sodium salt was prepared by neutralisation of an alcoholic remo 
solution of the acid with normal soda. To the liquid so obtained, is le 
sufficient normal soda solution was added to precipitate the sodium salt, grant 
which was then collected, dried, and recrystallised from dilute soda, resist 
forming masses of minute needles. The 
The silver salt was prepared from the latter by double decomposition minut 
in the usual manner. It isa white,amorphous substance. On analysis, @ Weha 
it gave the following result : maind 
0:0564 gave 00158 Ag. Ag=28-01. = 
C,,H,,O,Ag requires Ag = 27°4 per cent. ic 

C,,H,,0,Ag ,  Ag=26:22 ,, sens 

As has already been pointed out, Mach, in his recent investigationof — The m 
the pine resins, showed that it was not possible to isolate d-pimaric @ ‘parat, 
acid from the “ galipot” or French colophony of commerce. Recourse & ‘istillat 
was therefore had in the present instance to Burgundy pitch, which is @ ll—12 
generally supposed to be made from the oleo-resin of Pinus maritima, @ oustitu 
but from three specimens examined only one and the same acid melting & then dis 
at 161°, identical in all respects with that obtained from the resin J the oil 
of Pinus excelsa, could be isolated; thus the silver salt, prepared %@ Pressure 
already described, gave the following result on analysis : scence 2 
0°046 gave 00126 Ag. Ag=27°39. — 
C,,H,0,Ag requires Ag = 27-4 per cent. solut; om 

C,,H..0,Ag Ag =26°4 eaten, 
204+ 292 ” & ” dlightly . 


The attempt to prepare d-pimaric acid was therefore abandoned. 
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The differences between the pimaric acid isolated from sandarac and 
abietic acid may be grouped thus :— 


Inactive pimaric acid, Cap H 909. Abietic acid, CygH 0. 


Melts at 171°. Melts at 161°. 

Optically inactive. [a]> +66°. 

Crystallises in needles. Crystallises in lamin. 

A solution in chloroform and acetic | A solution in chloroform and acetic 
anhydride gives a pink colour with anhydride gives a violet colour fadin 
concentrated sulphuric acid. to olive green with conesbinesill 

sulphuric acid. 

Distils unchanged at 265° under 11 | Distils unchanged at 259° under 20 
mm. pressure, mm, pressure. 


Action of Bromine.—When a chloroform solution of bromine is 
gradually added to pimaric acid dissolved in the same solvent, the 
bromine is absorbed, and no hydrogen bromide is formed until the 
equivalent of two atoms of bromine per molecule has been added. On 
removing the chloroform by spontaneous evaporation, an oily substance 
is left, which, when dissolved in hot alcohol, deposits a colourless, 
granular bromine derivative on cooling. This substance has so far 
resisted all attempts to crystallise it. 

The acid is not attacked by fused potash. After heating for 20 
minutes at 200°, a considerable proportion of the acid was recovered 
wichanged, whilst only resinous products were formed from the re- 
mainder, 

Action of Hydriodic Acid.—When the acid is heated in sealed tubes 
at 200—210° for 4 hours with excess of fuming hydriodic acid, it 
is completely reduced, forming an oily hydrocarbon. The product 
was made alkaline, when a small amount of iodoform was precipitated. 
The mixture was then shaken with ether, the ethereal solution 
separated, dried over solid potash, and the solvent removed by 
distillation. The brownish, oily residue was then distilled under 
1l—12 mm. pressure, and the fraction boiling between 170° and 190°, 
constituting about 90 per cent. of the whole, collected. This was 
then distilled over sodium, and after repeating this treatment twice, 
the oil boiled almost entirely between 180° and 185° under 11 mm. 
pressure. It forms a faintly yellow, oily liquid with a bluish fluor- 
escence and has an odour recalling that of the crude higher paraffins. 
lis density at 15°/15° is 0°967. It is optically inactive, rapidly 
teinifies on exposure to air, decolorises bromine in ethereal 
wlution, and does not absorb hydrogen chloride. It decomposes 
ilightly when distilled under atmospheric pressure, 

On combustion, the following result was obtained : 
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0°1237 gave 0°406 CO, and 0:128 H,O. C=889; H=11'5. 
C.)H 3. requires C = 88°3 ; H=11°7 per cent. 


The refractive index for sodium light was determined, using a small, : 
hollow prism of refracting angle 61°25’. The angle of minimum 9 
deviation was found as the mean of ten observations to be 40°53’, 
whence p = 1°5254. ie 

This hydrocarbon is apparently identical or isomeric with that Gas 
obtained by Liebermann, Haller, and Vesterberg (loc. cit.), by re San 
duction of the d-pimaric acid of “ Bordeaux colophony ” with hydriodie ie 
acid. It was suggested by Liebermann, who assigned to it the formula K 
CopHgo or CopH,,, that it was probably identical with the colophene (or | 
colophene dihydride) obtained by Deville (Joc. cit.) by the action of re 
concentrated sulphuric acid on turpentine. For this substance, the aa 
name ‘‘dicamphene,” as more suitably indicating its origin, has since P a 
been suggested by Armstrong and Tilden (Trans., 1879, 35, 733), b . 
A specimen of “colophene’’ was prepared by the addition of strong je i 
sulphuric acid to turpentine in the proportion of 1:5. The volatile 0; 
hydrocarbons were removed, as recommended by Armstrong and Ra 
Tilden, by steam distillation, and the residual emulsion shaken with walt 
ether to remove the colophene. This solution was dried, the solvent ils 
removed in the usual way, and the residue distilled under 10—14 mm. biee 
pressure. A considerable amount of hydrocarbon came over below inte | 
.100° ; the boiling point then rose rapidly to 190° and remained constant. sities 

The portion boiling in the neighbourhood of 190° was collected and this w, 
redistilled over metallic sodium, when it boiled constantly at 190 was 
under 12 mm. pressure. This distillate is, however, not quite pure, as solatio 
it always has a slight odour of camphene and of some sulphur com- § j, “} 
pounds, which even repeated distillation over sodium fails to remove. This wa 

On redistillation, a few drops of distillate were obtained before the 
temperature became constant (206° under 35 mm. pressure), but the 0010 
amount was not more than 0-1 per cent. of the whole. The obser 
vations of Armstrong and Tilden (Joc. cit.) seem to indicate that this The y 
substance cannot be distilled even under diminished pressure, but Tho j; 
there seems to be no difficulty in so distilling it if the pressure be & the ot), 
sufficiently diminished. The purified substance is a viscous, slightly H solyen; 
yellowish oil, having a camphoraceous odour which becomes somewhtl I for sever. 
pungent when warmed. It decomposes slightly when heated unde Hof miny; 
the ordinary pressure, but is not decomposed even at 150° in sealed Mi colouneg | 
tubes. Its density at 15°/15° is 0-931. Was acid 

The refractive index for sodium light was determined, using & small, BF not yet be 
hollow prism of refracting angle 61°25’. The angle of minim @§ap s,)i), 
deviation was found as the mean of ten observations to be 40° ions 


whence p= 1°5136. 
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A comparison of the properties of colophene and the hydrocarbon 
obtained by the reduction of pimaric acid shows clearly that these 
two substances are not identical. 


B. p. under 


Relative density. | Refractive index. 11 mm, pressure. 


| 
Colophene 0°931 1°5136 190° 
Sandarac hydrocarbon 0°967 1°5254 180—185 


Further, colophene is only slightly volatile with steam, whilst the 
sandarac hydrocarbon can easily be distilled in this way. The new 
hydrocarbon is also fluorescent, whilst colophene does not possess this 
property. 

Action of Nitric Acid.—The acid is but slightly attacked, except 
by hot concentrated nitric acid, when it is converted into oxalic 
acid. 

Oxidation by Potassium Permanganate.—When solution of potass- 
ium permanganate is added to an aqueous solution of the sodium 
salt of pimaric acid, decolorisation quickly occurs. The addition of 
the reagent was continued until the tint remained permanent for 4 
hours. The solution was then filtered from manganese dioxide, and 
made acid by the addition of dilute sulphuric acid. A considerable 
amount of resin was precipitated containing some unchanged acid ; 
this was filtered, and the filtrate distilled with steam. The distillate 
was distinctly acid. It was neutralised by addition of caustic soda 
solution evaporated to a small bulk, and silver nitrate solution was 
added to it. After a few minutes, a crystalline precipitate formed. 
This was collected and analysed, with the following result : 


00105 gave 0°0067 Ag. Ag=63°8. 
C,H,0,Ag requires Ag = 64°4 per cent. 


The volatile acid was therefore acetic acid. 

The liquid, after distillation with steam, was shaken out with ether, 
the ethereal solution separated, dried over calcium chloride, and the « 
solvent distilled off, leaving an oily residue, which, after standing 
for several days with occasional stirring, deposited a small quantity 
of minute needles. The substances melted at 260°, gave a buff. 
tloured bromo-componnd with bromine water, and its aqueous solution 
vas acid to litmus paper. A sufficient quantity of this substance has 
tot yet been obtained for its complete identification, but its properties 
ie similar to those of trimellitic acid (m. p. 262°), which has already 
ben found to occur among the oxidation products of crude pine 
Tesin, 
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Callitrolie Acid. 

This is the name given by Tschirch and Balzer to the acid whose 
potassium salt is soluble in excess of an aqueous solution of potash, 
but it is used in this paper to denote the second resin acid of 
sandarac. 

When the strongly alkaline solution of the potassium salt of 
callitrolic acid, obtained during the isolation of pimarie acid, is 
acidified with concentrated hydrochloric acid, almost the whole of 
the resin precipitated is insoluble in alcohol. This precipitate was 
boiled with alcohol until nothing more dissolved, and then treated 
with alcoholic potash, in which it dissolved completely. The solvent 
was removed by distillation, the residue dissolved in water, and 
more potash added. It was found that by slowly concentrating this 
liquid the potassium salt could be precipitated in fractions, the later 
fractions being nearly free from colour. These were collected, dried, 
and the acid regenerated by addition of acetic acid. Many attempts 
were made to crystallise this substance by addition of water, benzene, 
petroleum, é&c., to its solutions in alcohol and ether, by fractional 
precipitation, and by purification through the lead salt, but to no j 
purpose. 

Attention was therefore turned to the preparation of derivatives, in 
the hope that they might be more easily crystallised, and eventually 
a crystalline sodium salt was obtained by dissolving the acid in abso 
lute alcohol, and adding to that solution alcohol in which metallic 
sodium had been dissolved. In this way, a precipitate of the sodium 
salt was obtained in the form of microscopic needles. If, however, 
any attempt was made to remove and dry this salt, it absorbed water 
and formed a transparent jelly, even if the whole mixture was pourel 
on a porous tile and the latter at once placed in a vacuous desiccator 
over calcium chloride. Experiments made with other salts were 
no more satisfactory, the potassium and ammonium salts being 
equally deliquescent, whilst salts of the other common metals ar 
amorphous, 

Action of Acids on Aqueous Solutions of the Alkali Salts of Callitroli 
Acid.—When acids are added to aqueous solutions of the alkali salts 
of callitrolic acid, this acid is set free, forming a yellowish powder 
which may be either completely or partially insoluble in aleoho 
depending on the concentrations of the acid used for the precipitation. 
Thus, if strong hydrochloric acid be used, the precipitate is almost 
insoluble in absolute alcohol, whilst if only a 10 per cent. solution 
hydrochloric acid be added, a mixture of a soluble and an insoluble 
resin is obtained, and if acetic acid be used as the precipitating age™ 
the resin obtained is almost completely soluble. The insoluble res 


Essa 
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dissolves in alcoholic potash, and from this solution there can be 
regenerated by acetic acid a resin soluble in alcohol. The obvious 
explanation of this behaviour is, that callitrolic acid is a hydroxy- 
acid, which in the presence of mineral acids forms a Jactone. 

This lactone is insoluble in alcohol, acetone, ether, chloroform, 
benzene, or petroleum ; but dissolves in hot glacial acetic acid, from 
which it is deposited on cooling as a granular powder, which occasion- 
ally assumes a somewhat crystalline appearance, but has never been 
obtained in an undoubtedly crystalline condition. If the lactone be 
added to concentrated alcoholic solution of inactive pimaric acid, it 
passes into solution, and, if the latter be diluted with alcohol, is 
reprecipitated as a white, granular powder. 

As no crystalline derivative of callitrolic acid, except the unsatis- 
factory sodium salt, could be obtained, it was thought advisable to 
prepare specimens of the insoluble lactone in various ways, and submit 
these to analysis. These specimens of lactone were prepared: (a) by 
precipitation by concentrated hydrochloric acid from a specimen of 
freshly prepared crystalline sodium salt; (6) by precipitation from 
alcoholic solution of pimaric acid, the precipitate being washed with 
absolute alcohol ; (c) by precipitation from hot glacial acetic acid 
solutions. 

On combustion, the following results were obtained : 


(a) 0:2065 gave 05802 CO, and 01747 H,O. C=766 ; H=9°3. 
(6) 02505 ,, 0696900, ,, 0°2140H,0. C=76:09; H=9-50, 
01600 ,, 0446200, ,, 0°1325H,O. C=76-:06; H=9-20. 
(c) 02830 ,, 0°789900, ,, 0:°2415H,O. C=76:14; H=9-40. 
01798 ,, 05080C0, ,, 0°1490H,0O. C=77:03; H=9°18. 
C,,H,,0, requires C= 76°6 ; H = 9°7 per cent. 

The composition of callitrolic acid should therefore be represented 
by the formula C,,H,,0,, which is confirmed by a large number of 
analyses of the silver salt prepared from the following specimens of the 
ketone through the intervention of the sodium and potassium salts : 
(i) From lactone deposited from alcoholic solutions of pimaric acid ; 
(ii) by solution of lactone, from acetic acid, in alcoholic potash, and 
Ptecipitation with silver nitrate; (iii) by solution of lactone, from 
teetic acid, in alcoholic potash and fractionation by addition of excess 
aqueous potash, the fractions being converted into silver salt : 


(i) 0:2322 gave 00377 Ag. Ag=18°02. 
(i) 05540 ,, 00981 Ag. Ag=17°7. 
04132 ,, 00730 Ag. Ag=17°66. 
(iii) 01061 ,, 00200 Ag. Ag=18-09. 
01007 ,, 00180 Ag. Ag=17°80. 
C,,H,,0;,Ag requires Ag = 18°14 per cent. 
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Although, therefore, the composition of callitrolic acid cannot at 
present be definitely asserted to be that represented by the formula 
C,)H,,0,, yet it is improbable that it is far removed from this. 

The acid and its lactone are not acted on by fused potash and hot 
fuming nitric acid. With the latter reagent, the resin agglomerates 


into a semi-solid mass, and shows no sign of solution, even after warm- Pe 
ing for several days on the water-bath. An aqueous solution of the sodium 
salt slowly decolorises potassium permanganate, but the action soon - 
stops unless the solution is kept hot. This is the only reaction, so far 
found, which seems likely to afford a method of attacking this sub- 
stance. When the acid or lactone is heated with hydriodic acid in = 
Zeisel’s apparatus, no methyl iodide is formed. The acid and its Dite 
lactone both react with acetic and benzoic anhydrides, with the Dite 
formation of insoluble acyl compounds, which have not yet been ac 
examined. aii 
Heating in a Vacuum.—When heated, callitrolic acid is completely 
decomposed, giving off carbon dioxide and an oily hydrocarbon, and ql 
leaving a hard, pitch-like residue. It was found that this operation accor 
gave a better yield of hydrocarbon when carried out under diminished the ¢ 
pressure (360 mm.). The distillate consists of a viscous, oily liquid 
containing a little water, and having an odour of acetic acid. It was 
dissolved in ether, and the ethereal solution shaken out with dilute Th 
potash. The ethereal portion was separated, washed with water, dried ‘i 
over calcium chloride, and the solvent distilled oft. The residue was slnen 
then distilled, almost the whole passing over from 230—285°. Qn § o- 
analysis at this stage, the oil was found to contain less than 1 per cent. pa 
of oxygen, so that it was evidently a hydrocarbon. Its further iihive 
purification was therefore conducted by distillation over metallic sodium. larger 
The final product, purified in this way, boiled from 270—280, The sc 
was almost colourless when freshly prepared, but resinified slightly ited: 
and became greenish on keeping, and had a faint odour of pepper @ its 
mint, especially when heated. In appearance and odour it closely 
resembled the diterpene naturally occurring in the plant, and like 
it gave a purple coloration when concentrated sulphuric acid wa 
added to its solution in acetic acid. Its density at 15°/15° wg Alth 
0-9303. vacuum 
The hydrocarbon is optically active. Determinations of its specift MF lation p 
rotation for sodium light, using a 100 mm. tube, gave as the mean acid cay 
ten concordant determinations + 36°, whence [a], + 38°42’. this me 
The refractive index was determined in a hollow prism of refracting of resin 
angle 61°25’; the minimum angle of deviation for sodium light w# have be 
found to be 40°47’, whence p= 1'5238. Be sin of 
Combustions of this hydrocarbon, freshly distilled over metallt gh 
TS) 


sodium, gave the following results : 
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0:1581 gave 0510 CO, and 0°1615 H,O. C=87:°9; H=11°+1. 

0:2243 ,, 0726900, , 0:2270H,O. C=883; H=11°2. 
C,,H, requires C = 88:23 ; H=11°77 per cent. 

The following tabular statement of the properties of the diterpene 


occurring in the plant and that obtained by destructive distillation of 
callitrolic acid shows clearly that they are identical : 


Specific | Composi- | Refractive 
B. p. Rel. dens. rotation. tion. index. 


Diterpene occurring in 
oe 260—280° CopHye 
Diterpene ex-callitrolic 


270—280 Cop Ho 


The difference in the optical rotation of the two substances is to be 
accounted for by the production of both dextro- and levo-forms during 
the destructive distillation of the callitrolic acid. 


Resin of Callitris Verrucosa. 


The resin of this plant has been examined in the way already 
described in detail in the foregoing part of this paper. It contains 
pinene and a smal] quantity of a constituent of higher boiling point, 
.of which sufficient could not be obtained for examination from the 
small amount of resin available. The resin itself is composed of in- 
active pimaric and callitrolic acids, the former being present in much 
larger quantity than in the case of the resin of Callitris quadrivalvis. 
The softness of this resin is due to the greater proportion of pinene 
contained in it which, perhaps, also to some extent affects the rapidity 
of its solubility in alcohol. 


Volatile Resins. 


Although it is known that abietic acid is volatile when heated in a 
vacuum, this substance having been isolated by Kelbe from the distil- 
lation products of colophony (Ber., 1880, 13, 888), and that d-pimaric 
acid can be distilled unchanged in a vacuum (Vesterberg, loc. cit.), yet 
this method has been but little used by investigators for the isolation 
of resin constituents, the only case of its application (which seems to 
have been accidental) being the preparation of cannabinol from the 
resin of Indian hemp by Messrs. Wood, Spivey, and Easterfield (Trans., 
1899, '75, 20). During the course of the present work it was found 
that distillation of sandarac under reduced pressure Was a very con- 
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venient way of obtaining inactive pimaric acid. The resin was broken. ¢ 
- into small pieces and placed in a Jena distilling flask having another C 
similar flask attached to its side arm in the usual way, The flasks a 
were then rendered vacuous (10O—12 mm. pressure) and the resin ir 
heated by a Bunsen burner. At first a little water came over, and 80 
the resin melted and began to froth, The frothing was easily controlled ta 
by the use of a glass T-piece, inserted between the pump and the ha 
flasks, having one arm closed by a piece of rubber tubing and a spring str 
clip, so that the pressure in the flasks could be suddenly increased at re 
will by opening the clip. After a time, the volatile oil began to distil an 
over, the thermometer gradually rising to about 160°. The receiver laet 
was changed at this stage, and a fraction up to about 240° collected, 1 
This was usually viscous when cold, and was found to be a mixture of to ¢ 
pimaric acid and diterpene. The receiver was again changed and a com. 
fraction up to 300° collected, This was almost pure pimaric acid, and I 
on redistillation usually gave a large fraction boiling at 260° under now 
15 mm. pressure which, on solution in alcohol and addition of a little sand 
water, could be obtained in a crystalline condition (m. p, 171°), In and 
this process, the callitrolic acid suffers decomposition, and so a large acid, 
yield of diterpene is obtained in the earlier fractions. This can be has 
purified by shaking the ethereal solution of the fraction with potash —§ 1698, 
to remove pimaric acid, and rectification as already described over heate 
metallic sodium. acety 
Among other resins which on distillation under diminished pressure acid) i 
give constituents of constant boiling point are mastic, myrrh, and much 
Indian frankincense. The application of this process could no doubt their s 
be extended with great advantage to the investigation of this class of further 
substances, about the chemistry of which so little is known owing to attemp 
the difficulty of isolating well-defined products from them. ; Its 3 
ropose 

siderab] 

Summary and Conclusions. The , 

Briefly stated, the principal results obtained in the course of the althoug! 

. present investigation are as follows. stitution 
It is shown that the crude resin consists of a mixture of resin acids @"*W gen 
and volatile hydrocarbons. The latter have been separated into 4 by the 


diterpene and d-pinene. 

Two acids have been isolated from sandarac resin. One of these has 
the composition represented by the formula C,,H,,.0,. It is not iden 
tical with abietic acid but is isomeric with Vesterberg’s d-pimaric acid, 
and as it differs from the latter in being optically inactive, it is pro 
posed to call it i-pimaric acid. 

The remaining acid of the resin is probably the chief constituet! 
of Tschirch and Balzer’s callitrolic acid, so that the latter name J 
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conveniently be retained for it. It yields a lactone of the composition 
0, )H,,0,, from which it may be inferred that the composition of the 
acid is represented by the formula O,,H,.0,, This lactone, although 
insoluble in all the usual solvents except boiling acetic acid, is dis- 
solved readily by alcoholic solutions of ¢-pimaric acid, and is reprecipi- 
tated from such solutions by the addition of alcohol, This phenomenon 
has already been observed by Johnston (/oc. cit.), who found that a 
strong varnish of crude sandarac, made with alcohol, deposited the A 
resin on dilution with more alcohol. This experiment has been repeated, 
and the A resin of Johnston has been found to be identical with the 
lactone of callitrolic acid. 

The resin of Callitris verrucosa has also been examined and found 
to contain d-pinene, and the two resin acids already obtained from 
common sandarac. 

It should be pointed out that in many particulars the observations 
now recorded do not confirm those of Tschirch and Balzer. The 
sandaracolic acid of these authors was probably impure ¢-pimaric acid, 
and could not have given methyl iodide when heated with hydriodic 
acid, since no constituent of sandarac resin behaves in this way, as 
has also been shown by Gregor and Bamberger (Oesterr. Chem. Zeitt., 
1898, 1, 8), who obtained no methyl iodide when the crude resin was 
heated in Zeisel’s apparatus with hydriodic acid. The formation of 
acetyl and benzoyl derivatives from sandaracolic acid (impure t-pimaric 
acid) is also inexplicable, except on the assumption that it contained 
much callitrolic acid, which is hardly probable if, as the authors say, 
their sandaracolic acid was distinctly crystalline. Tschirch and Balzer 
further failed to observe the formation of the insoluble lactone when 
attempts are made to regenerate callitrolic acid from aqueous solutions 
of its alkali salts by addition of mineral acids. The formule now 
proposed for the acid constituents of sandarac resin also differ con- 
siderably from those proposed by these authors. 

The experimental results obtained in the course of this work, 
although not yet sufficiently definite and extensive to enable a con- 
stitutional formula to be assigned to 7-pimaric acid, lend support to the 
view generally held that the resin acids of the Conifere are produced 
by the condensation and oxidation of terpenes ; a view to which con- 
crete expression has been given in the constitutional formule assigned 
by Bruylants and by Bischoff and Nastvogel to resin acids of the 
‘mposition C,,H,,0,, to which attention has already been drawn in 
the historical introduction to the present paper. 


This investigation has been carried out in the laboratories of the 
entific Department of the Imperial Institute, and I desire to express 
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my warmest thanks to Professor Dunstan both for the suggestion that 
I should undertake this work and for the valuable help he has given 
me during its pursuit. 


ScrENTIFIC DEPARTMENT, 
IMPERIAL INnstiTUTE, S.W. 


CXXIV.—Gum Tragacanth. 


By Cornetivs O’Sutiivan, F.R.S. 


I. Introductory. 


For a number of years, I have occupied myself, amongst other things, 
with a study of the constitution of gum tragacanth, but the investiga. 
tion is still not so complete as I should have wished it to be. Recently, 
however, Widtsoe and Tollens (Ber., 1900, 33, 132) described some 
of the products of the sulphuric acid hydrolysis of the gum, and this 
fact leaves me no alternative but to place on record the results I have 
hitherto obtained, and to indicate the direction in which I am still 
working. 


II. Earlier Investigations of the Composition of the Gum. 


Of the proximate composition of gum tragacanth, very little seems 
to be known, and where the character and composition of the proxi- 
mate constituents are described, it is difficult to resist the conclusion 
that our knowledge is of little value. 

We have to begin with the broad statement that gum tragacanth 
consists of cellulose, starch, bassorin, a gum like arabin, a little nitro- 
genous matter, sugar, and ash, 

We are not told the nature of the cellulose; we have no evidence 
that the granules contained in the cells are starch granules, for 
although, without doubt, they are coloured blue by iodine, we have 00 
collateral proof in support of the assumption. 

Again, I have been unable to ascertain why the cellular matte 
apparent under the microscope is written down as cellulose. It ce 
tainly gives a blue coloration with Schultz’s reagent, but I can find 00 
further evidence. 

Bassorin is a very imperfectly defined substance, and it would indeed 
be difficult to identify it from the general description given of # 
(Gmelin-Kraut, 1862, 4, 650). 
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Of the soluble gum, nothing further appears to be recorded than 
thatit resembles arabin. The nitrogenous matter is simply indicated by 
the presence of nitrogen, and concerning the sugar there is no informa- 
tion; but the knowledge of the ash constituents is of course satisfactory. 


III. Object of the Work. 


With these facts in my mind, and looking upon gum tragacanth as 
of the nature of plant sap containing reserve matter in an advanced 
stage of elaboration, it appeared to me—with the light thrown upon 
the constitution of the gums in general by my work on the 
- gums of the arabin group—that some clearer idea of the constitution 
of this gum could easily be obtained, and thence of the more imme- 
diate materials of reserve matter. 

From the general description of bassorin, I was led to believe I 
should have to deal with some gum acid or acids related to those of 
the arabin or geddin series in a polymerised state; this, however, was 
found not to be the case; when the gum was treated with water, the 
solution was only slightly acid, the amount of potash required to 
render the mucilage neutral being very small, and the solubility 
thereof being practically unaltered. 


IV. Mode of Procedure. 


When the gum is treated with water, it swells up very considerably, 
and at least one hundred times its weight of water must be added 
before any differentiation occurs. The addition of alkalis does not 
materially alter this, consequently, the usual method of fractionating 
such materials was not available. When diluted as thus described, 
however, the so-called cellulose, with jelly-like matter and starch, 
begins to separate (Kiitzing, Philosophische Botantk, i, 203 ; H. von 
Mohl, Bot. Zeit., 1857, 32), and by this means a moderately clear 
wlution, difficult to filter, is obtained. The cellulosic shreds occupy a 
large space in the liquid, but all attempts to get them to settle satis- 
fuctorily met with but indifferent success. Consequently, I deter- 
mined at the outset to act on the gum with dilute sulphuric acid, to 
eramine the products of the reaction, and then, if possible, to trace 
tach product back to the original material whence it was derived, 

The investigation was accordingly carried out in this direction, and 
Yielded interesting results, but as I believe I can describe the nature 
ofthe gum without utilising this series of experiments, I shall leave 
them unrecorded. I may, however, say that it was the knowledge 
derived from a study of the products of the action of dilute sulphuric 
wid on the gum—in which I was most materially assisted by Dr, 
‘ern, my assistant at that time—and especially of the products other 
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than sugars, which enabled me to deal with the problem in the manner 
described in this paper. The results, so far as the sugars are con- 


cerned, will be found in the work of Widtsoe and Tollens ((oe. cit), 
although no indication is there given as to the immediate source of P 
these substances. . 

I proceeded as follows: When water is added to the gum, the a 
pieces swell up to a more or less transparent jelly, some of them being o 
very nearly transparent, others quite white and opaque, whilst every tl 
intermediate stage is also observed. 

Examined microscopically, the transparent jelly masses are found sp 
to consist of irregular, “ blown out” cells, the thin walls being filled 
with glairy matter; the opaque pieces consist of the same kind of do 
irregular cells, but containing, in addition to the glairy matter in the do 
interior, many granules, apparently starch, which are coloured blu wit 
by iodine, whilst the intermediate varieties are distinguished by the gra 
varying numbers of granules they contain, this number apparently dia 
increasing with the opacity, y 

here 
V. The Granules. = 

Although the granules are distinctive, and are coloured blue by > 
iodine, J thought it desirable to isolate them, and to determine abs 
lutely their identity with starch. 

When the gum is submitted to the action of freshly prepared copper Si 
ammonium solution, obtained by treating copper turnings with every 
ammonia in the usual way, nothing is left undissolved but bright, 4... 
almost transparent granules, which are deposited on the additionol HF tra, 
a large bulk of water. On decanting off the copper solution ani @ {,, .. 
washing the residue with water, the aqueous filtrate was coloured 7,, ,. 
brown by iodine solution, whilst on treatment with dilute hydrochloric H y,:,, 
acid, a solution was obtained which was coloured dark purple by that bei, 
reagent. On treating.the remaining granules with iodine, a coloration thy ,, 
not as intensely b/ue as that yielded by starch with the same reagetl M® copnoy. 
was observed. It was difficult to obtain the granules in sufficieth®® jing), 
quantity to admit of a determination whether or no they yieldelM p,,, 
maltose on treatment with malt extract, but in order to procimy of .).. 
some evidence on this point, about 150 grams of the gum Wag wit) ,;, 
treated with 10 litres of water, after soaking, and allowed to stanl teddish- 
for some days. The insoluble portion was then strained out, ! althoug} 
means of a linen filter bag, washed with cold water so long wwicroseo 
anything dissolved, and then pressed. Cellular 

Under the microscope, the mass was seen to consist of unaltel sulphat, 
granules and shrivelled, cell-wall débris. It was treated with DOMBR occu, j,, , 


ing water, cooled down to 60—65°, and digested for several he 
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with malt extract. A microscopical examination showed that the 
granules had been_dissolved, and on evaporating the filtered solu- 
tion to a syrup, and digesting this with alcohol of sp. gr. 0°830, a 
clear solution and an insoluble residue were obtained. The residue 
was neglected, but the solution, freed from alcohol by distillation 
and evaporated again to a thick syrup, was taken up by alcohol 
of sp. gr. 0°820, in which it was completely soluble. After freeing 
this solution from alcohol, the residue was examined. 

The figures yielded by the aqueous solution were as follows: 
sp. gr. 1:029, a>” +8°-0°; whence [a], +53°1° 

This number approaches that of dextrose so closely as to leave little 
doubt that. we have that substance present. From this observation, I 
do not, however, think it can be said that we have not starch to deal 
with, still I feel I am justified in recording the observation that these 
granules, apparently consisting of starch, yield. on treatment with 
diastase, not maltose, but dextrose. 

There is still one more point to which attention should be.drawn 
here, namely, that the cell-walls are dissolved by copper-ammonium 
solution, Numerous attempts were made to isolate definite entities 
from this solution, but the results were not satisfactory ; hence the 
use of that reagent in the investigation was discontinued. 


VI. The Cellulosic Substance. 


Since the cell-walls described above did not appear identical in 
every respect with ordinary cellulose, an examination of the substance 
seemed desirable. Accordingly, a portion of the original gum was 
treated with three hundred times its weight of boiling water, digested 
for some time, and then submitted to filtration through linen bags. 
The residue left in the bags was repeatedly treated with boiling 
water, and was finally collected on filter paper, a hot water funnel 
being employed. The filtered shreds which comprise the whole of 
the cellular matter are completely soluble in freshly prepared 
copper-ammonium solution, in which only the granules remained 
insoluble when the whole gum was treated with the reagent. 

Examined microscopically, the cellular mass was found to consist 
of shreds and débris, a portion of which gave a blue colour 
with zinc chloride solution of iodine, the remainder being coloured 
reddish-brown ; in fact, it was quite obvious that the shreddy mass, 
although showing in its parts no material differences under the 
microscope, consist of two or more distinct substances, Besides the 
cellular shreds, a few hard, well-defined crystals, which are neither 
sulphate nor carbonate of calcium, are also present, but as they 
‘cur in extremely small quantity, I have not examined them further. 
*The number gives the length of the tube in which the observation was made, in mm. 
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The amount of cellular matter present in the gum varied between 
1 and 3 per cent. A portion of it was repeatedly extracted with boil- 
ing water, dehydrated with strong alcohol, and dried, first in a vacuum 
and then in a current of dry air at 100° On combustion : 


0°322 gave 0°498 CO,, 0:175 H,O, and 0:030 ash. 
C=46'51; H=6°65 per cent, (in substance free from ash), 


Ash =10°3 per cent. 

These results appear to indicate that the cell-walls do not consist of 
cellulose proper, however closely they may resemble the oxycelluloses, 
The ash contained silica, lime, phosphoric acid, ferric oxide, &e. 

Action of Sulphuric Acid on the Cellular Substance.—Some of the 
cellular matter, purified as described above, was washed, first . with 


a dilute solution of potash, then with dilute hydrochloric acid, ec 
and finally with water, till free from chlorine. The jelly thus al 
obtained consisted of shreds, and was digested at 98—99° with a 5 per 60 
cent, solution of sulphuric acid for an hour. During the a: br 
marked odour of furfuraldehyde was observed. oa 
At the end of the time stated, the solution was filtered, and the to 
insoluble portion washed with boiling water till free from sulphuric obs 
acid. The filtrate was neutralised with baryta water, the precipitated ] 
barium sulphate filtered off, and the filtrate concentrated in a vacuum wit 
to a syrup; this was then taken up with alcohol of sp. gr. 0°820, thel 
in which it was almost entirely soluble, After removal of the alcohol sub; 
by distillation, the syrup which remained behind yielded, on standing, if ar 
a crop of microscopic, skiff-shaped crystals of arabinose, such as this 0: 
sugar yields at times on crystallisation from slighty impure solutions. had 
The crystals were washed with dry methyl alcohol, and dried in a 
current of dry air at 100°. 7 
1820 grams, dissolved in water and made up to 100 c.c., gave = 
ap’ +3°5°, whence [a], +96:2°. group 
This figure is low for arabinose, but no lower than I have obtained going 
before under similar conditions. The air-dried crystals lost no weight that t 
at 100°. lisable 
On recrystallising the preparation from water, crystals with the throw 
characteristic terminations of arabinose, as yielded by arabic acid, taining 
were obtained. These were washed with methyl alcohol and driei, fixed c 
first in air, and then at 100°. and the 
that th 


1-054 grams, dissolved in water and made up to 100 c.c., gave 
ap” +2°15°, whence-[a]p +102°0°. 

As the low opticity of the sugar at the outset might have been du 
to the presence of galactose, a portion of the original syrup was 
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with nitric acid of the proper strengh, but no mucic acid was produced ; 
dextrose it might have been, but sufficient material was not at my 
disposal to determine the point. I consider, however, that most prob- 
ably the disturbing cause is the substance of low rotatory power which 
is always produced when arabinose is subjected to the action of sulphuric 
acid for any length of time, 

It is evident, therefore, that the cellular matter, on treatment 
with sulphuric acid as described, yields practically nothing but 
arabinose. 

The residue from this treatment, insoluble in sulphuric acid, is a 
jelly-like mass which, under the microscope, appears to consist of a 
number of shreds with no definite structure, in fact it differs very 
little in appearance from the original cellular matter. Iodine solution 
colours some of the shreds blue, others brown, whilst the remainder 
are unchanged. More of the shreds are coloured blue by zine chloride 
solution of iodine than by iodine alone, but some are still only coloured 
brown ; a solution of iodine and sulphuric acid also acts in much the 
same way, except that a larger proportion of the shreds appear 
to be coloured blue in this case. A few acicular crystals are still 
observable. : 

It is clear from these experiments, therefore, that even after digestion 
with 5 per cent. sulphuric acid, the residue is not homogeneous, never- 
theless a portion of it was dried in a current of dry air at 100°, and 
subjected to combustion, to enable me to form an idea of the change, 
if any, which had taken place. 


0336 gave 0°531 CO,, 0°186 H,O, and 0:0195 ash, 
C=45'75 ; H=6-52 per’cent. (in substance free from ash). Ash=6'15 
per cent. 


Hence there is a clear indication of a diminution of carbon and hydro- 
gen, which cannot be explained by the elimination of an arabinose 
group alone ; the time at my disposal, however, did not permit of smy 
going more deeply into the question. It may be pointed out, however, 
that the sugar solution contained a considerable quantity of uncrystal- 
lisable matter, a careful examination of which would, very possibly, 
throw some light on the point. With the object, however, of ascer- 
taining whether or not the above cellulose-like substance contained a 
fixed cellulose residue, it was repeatedly treated with bromine water 
and then with ammonia, Under this treatment, it soon became evident 
that the substance was dissolving gradually, and after about one-third 
of the original substance had disappeared, the residue was collected, 
thorougly washed with boiling water, dehydrated with strong alcohol, 
and finally dried in a current of dry air at 100°. On combustion of a 
portion of it, 
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0-284 gave 0:457 CO,, 0°1595 H,0, and 0-008 ash. 


C=45'15 ; H=6-42 per cent. (in substance free from ash). Ash = 2°8] al 
per cent. pi 
Here, again, we have a diminution in the carbon and hydrogen, and 6 
also, as might be expected, in the ash, with a gradual approach, so far 
as the carbon and hydrogen are concerned, to the normal composition ci 
of cellulose, but since the substance gradually went into solution under F ; 
the influence of bromine and ammonia, the absence of an unalterable ont 
residue of normal cellulose was conclusively proved. Hence it is . 
perfectly clear that the cell walls, seen under the microscope, although . 
they yield many of the reactions of normal cellulose, have so far no 
ascertainable relationship to it. Whether the substance or substances 
are converted in the ordinary process of anabolism into true cellulose 
or not, it is impossible to say, and the series of changes by which such F 
a transformation could be effected is. not easy to imagine. deal 
I can only repeat that the cellular matter of gum tragacanth yields with 
many of the reactions of true cellulose and arabinose on treatment A 
with sulphuric acid, but leaves no permanent residue when acted on of it 
with bromine and ammonia. litmt 
was 
VII. The Portion of Gum Tragacanth soluble in Water. Sample I. of 5) 
On evaporating the aqueous filtrate from the cellulosic shreds, # a eur 
gelatinous scum forms on the surface of the liquid, and on cooling the BiO 
solution, after some concentration, a considerable quantity of jelly-like Th 
matter falls out; in fact, the solution becomes a jelly if the concentra- fracti 
tion is carried far enough. An attempt at fractionation was made by the rc 
skimming off the scum and pressing out the jelly, but no satisfactory equal 
results were obtained; hence the solution was concentrated to about acids 
one-sixth of its original bulk, and alcohol added gradually in small levoro 
portions at a time till a “ break” was effected, when further addition 
of alcohol produced a bulky, curdy precipitate, ‘fraction a.” This 
could be readily separated from the clear, alcoholic mother liquor, 
which we shall call “fraction 8.” F a 
mixed, 
hea 
VIII. Fraction p. a 
An examination of fraction ® was first made, The alcohol wa J digestio 
distilled off, and the aqueous solution concentrated in a vacuum t0% H@ was no, 
syrup. On carefully adding alcohol of sp. gr. 0°840 to this syrups* B® centrate 
flocculent precipitate “fraction y” was thrown out, which was allowed HM not je 
to settle, and on decanting off the clear, supernatant solution and tipitated 
adding more alcohol, a waxy precipitate, similar in appearance to that Hi solution 
yielded by gedda gum, was thrown out. distilla ti 


ea aT OE lr 


s+ & 
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This precipitate was dissolved in a little water, reprecipitated by 
aleohol of sp. gr. 0°820 in presence of hydrochloric acid, and handled in 
precisely the same way as described by me in connection with the 
gedda gums (Trans., 1891, 59, 1032). It was divided into three 
portions, fractions I, II, III, fraction I being the least soluble. 
These fractions were freed from hydrochloric acid by repeated pre- 
cipitation with alcohol, dehydrated with strong alcohol, and finally 
dried in a current of dry airat 100° under 250 mm. pressure. The 
optical activity of each fraction was then determined with the follow- 
ing results : 

Fraction I. [a]p —78°0°.. 
ITI, [a]p —88°8. 
» IIL [a] -881. 


From these it is evident that we have not a homogeneous body to 
deal with, although the product is not such a mixture as was the case 
with the gedda gum acids. 

A barium salt of fraction II was prepared by neutralising a solution 
of it at the boiling temperature with clear baryta water, using neutral 
litmus as indicator. The solution of the barium salt thus prepared 
was concentrated, precipitated by alcohol, and dehydrated by alcohol 
of sp. gr. 0°820. On analysis, 0°783 gram of this salt, dried in 
acurrent of dry air at 100°, gave 0°037 gram of barium sulphate, 
BaO = 3:23 per cent. 

This figure indicates a molecular weight corresponding to that of a 
fraction of the gum acids of gedda gum C (Trans., 1891, 59, 1073) ; 
the rotations, too, of the fractions from the two sources are nearly 
equal in amount, although opposite in sign. Hence the soluble gum 
acids of gum tragacanth resemble those of gedda gum, but are 
levorotatory instead of dextrotatory. 


VIIIa. Action of Sulphuric Acid on Fraction B purified. 


Fractions II and III of the soluble gum acids mentioned above were 
nixed, dissolved in water to a 30 per cent. solution, and this was 
heated in the water-bath to 100°, sufficient diluted sulphuric acid being 
added to make the mixture contain 3 per cent. of that acid. The 
digestion was continued for 15 minutes, and, after cooling, the acid 
was neutralised with clear baryta water. The whole was then con- 
eentrated in a vacuum to a syrup, because the barium sulphate could 
tot be satisfactorily removed by filtration. This syrup was pre- 
tipitated by excess of alcohol of sp. gr. 0°820, and the clear alcoholic 
slution containing the sugar or sugars was freed from alcohol by 
distillation, concentrated in a vacuum to a syrup, which was then 


1172 O’SULLIVAN : GUM TRAGACANTH. 


taken up by as little dry methyl alcohol as possible; a small amount 
of barium salt remained insoluble. 

The clear methyl alcoholic solution, on standing, yielded stellate 
groups of crystals, with the terminations and general characteristics 
of arabinose. These were collected, washed with methyl alcohol, and 
their optical activity determined. It was found to be [a], +908° 
As, however, this number was far too low for arabinose, the crystals 
were redissolved in methyl alcohol, a little insoluble matter filtered 
off, and the solution again allowed to crystallise. Three crops of 
crystals were collected, namely, a, b, and c, and the optical activity of 
each was determined, with the following results : 


a [ap + 102°. 
b [alp +104. 
¢ [aly +106. 


These numbers clearly agree with those accepted for arabinose, and 
although the crystals have not absolutely the same form as that 
assumed by arabinose obtained from arabic acid, there can be no doubt 
about their identity with that substance. The amount of arabinose, 
including the uncrystallisable matter in the mother liquors, yielded 
by the gum acid varied between 73°0 and 76:7 per cent. of the dry 
material taken. 

When the percentage of arabinose thrown out in arriving at this 
stage is considered, the high molecular weight attributed to the 
original soluble gum acid is amply confirmed. 

The precipitate thrown down by alcohol, from which the sugar solu- 
tion was separated by decantation, was treated with a little water, and 
sufficient sulphuric acid added to convert nearly all the barium present 
into sulphate. Alcohol was then added until the solution “ broke.” 
In this way, the barium sulphate easily falls out and can be separated, 
whilst the partially degraded gum acid is .retained in the dilute 
alcoholic solution. This can be precipitated by the addition of strong 
alcohol, and may be easily freed from excess of sulphuric acid by 
redissolving in water and reprecipitating with alcohol several times. 

After freeing from sulphuric acid, the degraded gum acids were divided 
into two fractions by means of alcohol. Each fraction was converted 
into a powder by means of strong alcohol. Barium salts were also made 
by neutralising a portion of each with clear baryta water, and precipi- 
tating the concentrated solutions with strong alcohol, and these were 
dried in the usual way. 

An examination of the free acid and barium salt of each fraction 
was made, with the following results : 


Free acid. Most soluble portion gave [a], +33°5°, and the barium 
salt thereof BaO = 10 per cent: 


Yielde 
memb 


o 
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Free acid. Least soluble portion gave [a] +33°2°, and the barium 
salt thereof BaO = 8°8 per cent. 


Tn each of these instances, the substance was dried in a current of 
dry air at 100°. 

If these factors are compared with those obtained for tri- and di- 
galactangeddic acids (Trans., 1891, 50, 156—157), an almost exact 
agreement is observed, hence these degraded gum acids are a mixture 
of the tri- and di-galactangeddic acids. 

In further confirmation of the galactan nature of these degraded 
gum acids, a determination was made of the amount of mucic acid 
formed from them by treatment with nitric acid in the usual way. 
Seventy to eighty per cent. of mucic acid was thus obtained, and this 
result confirms the identity of these degraded acids with those of the 
geddic series. As was naturally to be expected, on further treating 
these acids with sulphuric acid, galactose and a further degraded acid, 
corresponding to, if not exactly identical with, geddic acid were 
obtained. In order to determine whether or not other samples of gum 
tragacanth would yield like results, a fresh sample of the gum from a 
different source was examined. 


IX. Portion of the Gum soluble in Water. Sample II. 
a. Examination of Fraction corresponding to B-Fraction. 


On treating the second sample of gum tragacanth in precisely the 
same way as described for the first, a product was obtained correspond- 
ing to 8-fraction, which yielded fractions with opticities [a], —96° to 
(a}) —115°; these gave barium salts which contained from 4 to 5°4 
per cent. BaO, the evidence, curiously enough, being that the neutral- 
ising power for barium increases with rising rotatory power. When 
these results are compared with those obtained for the similar acids 
yielded by sample I, it becomes evident that we are dealing with 
members of the same series. 

Sample I. Free acid [a]) — 88°; barium salt 3°23 per cent. BaO. 
i. "oe 99 [a]p —96; ” 4:0 ” ” 
a. 9 [a]p -~ 115; ” 5-4 ” ” 
It is clear, therefore, that although the gum acids belong to the 


same series, the number of arabinose yielding groups is less in the 
more optically active acids than in those producing a smaller rotation. 


IX, Action of Sulphuric Acid on B-Fraction. Sample IT. 


We have now to decide whether or not this is the only difference 
between the gum acids. To determine it, fractions of opticity between 
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[a]» —95° and [a], —100°, neutralising about 4 per cent. barium, 
were mixed and digested with 3 per cent. sulphuric acid for 30 minutes, 
The products were separated as usual, and 72:5 per cent. of sugar of 
[a]lp +100° was obtained. This was recrystallised from methyl 
alcohol, and several crops were separated which possessed the charac- 
teristic terminations of arabinose and yielded the following factors : 


[a]p +101—104°, K 101—106. 


These figures conclusively prove that the sugar is arabinose. Much 
non-crystallisable matter possessing a low opticity was present in this 
as in the first case, but whether this is produced by the action of sul- 
phuric acid on arabinose, or represents a sugar which, like dextrose, 
crystallises with difficulty in presence of contaminating matter, I am 
unable to say. 

Amongst some of the products of the reaction, galactose is present 
without doubt, for on treating this uncrystallisable matter with nitric 
acid, mucic acid is produced. 


X. The Degraded Gum Acids from Sample II. 


Using the method of purification and fractionation already men- 
tioned, products were obtained having opticities varying betwgen 
[a]p +34° and [a], +40°6°, and yielding neutral barium salts co 
taining 10—11°8 per cent. of BaO. These figures agree almost abso- 
lutely with those obtained when the first sample of the gum employed 
was subjected to similar treatment, notwithstanding the fact that the 
original acids acted on by sulphuric acid varied considerably in optical 
activity. 

I may here indicate that these degraded acids are necessarily mix- 
tures, the more highly dextrorotatory portions being those from which 
a portion of the constituent yielding galactose has been removed, 
whilst those of lower opticity have either lost less of this constituent, 
or only part or the whole of that yielding arabinose. 


XI. Further Hydrolysis of the Degraded Acids. 


The fractions having [a]p +34° to + 40-6° just mentioned wert 
mixed, dissolved in water to a 30 per cent. solution, and digested # 
about 98° for 2 hours with 4 per cent. sulphuric acid. Clear baryis 
water was added to neutralise the cooled liquid, and then aleohol 
sp. gr. 0°850 so long as a precipitate was formed. This consisted of, 
the barium’salt of the degraded acids, some sugar, and barium sulphatt 
The clear alcoholic solution containing the greater part of the sugat 
sugars was decanted off, and the precipitate further freed from svg 
by digesting with alcohol of sp. gr. 0°870, redissolving in 5, 
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yater without separating the barium sulphate, and reprecipitating 
several times with alcohol of the strength mentioned. 

The alcoholic solutions thus obtained were mixed, the alcohol dis- 
tilled off, and the residual solution concentrated in a vacuum to a 
syrup, On examination, the solid matter in this was found to have 
an optical activity [a], +60—65°, and to contain barium salts of 
gum acids. Consequently the whole of the syrup was digested for 
some time with alcohol of sp. gr. 0°820 in a flask with a reflux con- 
denser. Much gummy matter remained insoluble, and, on cooling, 
more was precipitated, leaving the alcoholic solution clear. When 
this solution was again freed from alcohol and concentrated in a 
vacuum, @ syrup was obtained which crystallised on standing. After 
afew recrystallisations, the substance had a crystalline form similar 
to that exhibited by galactose under certain conditions. 

On examination, the crystals yielded the following results : 

[a]p +80—83°. K = 93—95°. 
and on treating them with nitric acid under the most favourable 
conditions, 72—75 per cent. of mucic acid was obtained. Hence the 
sugar is undoubtedly galactose. 

Returning now to the barium salt, partially freed from the sugar 
as just described. It was treated with the least possible quantity of 
water, and~an attempt unsuccessfully made to separate the barium 
sulphate by filtration ; it was not possible to obtain a clear filtrate, 
consequently sulphuric acid was carefully added until the barium 
present was completely precipitated, and then alcohol until a “ break” 
was effected, when the barium sulphate with a little gum acid separated 
out, leaving the alcoholic solution clear. This was decanted off; it 


ix Heontained the greater part of the degraded gum acid. Treatment with 


alcohol of sp. gr. 0°820 enabled me to separate this into two fractions. 
» 8 less soluble one, and 6, one more soluble; these were dried in the 
usual way and the optical activity of each determined : 

@ gave [a]p +93°8°. 

6 » [a]p +94:1°. 


A barium salt of each was prepared, that of : 


@ yielded BaO= 18:1 per cent. 
Bs cilige WA i. ae 


§ in another series of experiments in which the acids with opticities 
tween [a], +34° and 40° were acted upon with 4 per cent. sulphuric 
"Bod for 4 hours, degraded acids were obtained in precisely the same 
'y a8 described, of which the optical activity was somewhat higher, 
nely, [a]p +109-7—109-5°, but the barium salts of these yielded 
ractically the same numbers, namely, Ba = 18°6—1 8°03 per cent. 
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To enable me to form some notion of the composition of these sub- 
stances, one of the apparently purest barium salts, dried in dry. air 
at 100° under 275 mm. pressure, was burned with the following 
results : 


0°474 gave 0°573 CO,, 0°184 H,O, and 0°113 BaCO,. C=3441; 
H=4°32; BaO=18'51. 
C,,H,,0,,,BaO requires C= 34:45; H=4:49; BaO =19°10 per cent. 


I have attributed (Trans., 1891, 50, 1054) the formula C,,H,,0,, 
to geddic acid of [a], +71° and C,,H,,0,,.BaO to its barium salt. The 
latter formula requires C=33°70; H=4°64; BaO=18°58 per cent. 

On comparing these results, we observe a broad agreement between 
them; but one not sufficiently close as to enable us to state that the 
degraded acids from both sources are identical, although it can hardly 
be doubted that there is a close relationship. The composition of the 
two acids is no doubt the same, namely, C,,H,.0,., but geddic acid has 
ap +71°, whilst the acid under consideration has ap +100° to 109, 
and the barium salts are different, as is shown by the analyses. 

In dealing with non-crystallisable substances of this kind, and taking 
cognisance of the fact that they are exceedingly difficult to dry, I do 
not wish to draw more inferences than the analytical numbers warrant. 
But, I may say these have not been based on one set of experiments, 
but on many. Hence, I feel justified in concluding that the degraded 
acid of tragacanth, if not absolutely identical with geddic acid, very 
closely resembles it, and, on comparing the products obtained from 
both the original undegraded acids after being acted upon by stl- 
phuric acid for 10 to 15 minutes, I feel convinced that the partially 
degraded acids obtained in each case are very closely related, if not 


identical. They both have the same optical activity, and their barium 


salts yield the same amount of baryta, as has been shown above. 

It is sufficiently clear that the primary acids of gum tragacanth 
not identical with those obtained from gedda gum, although they ha 
many properties in common, the chief differences being that # 
former acids are levorotatory, whilst the latter are dextrorotator) 


and, unlike the gedda gum acids, do not yield arabinon as & pugi 


duct of their partial hydrolysis with sulphuric acid. 


Possibly, this occurrence of arabinon-yielding acids may ha Magnesi 


something to do with the differences in the direction of the ro 
especially as the products after the elimination of the arabinon gro 
agree so closely in optical properties and neutralising power. 

It is thus evident that the acids of gum tragacanth, 
dilute alcohol are polyarabinon-trigalactan-geddic acids, 0a! 
220 5H y40g,3C,5H 95 9,CggHgg 0 nq With the differences indicated 4% 
and by this formula. 


h 


ydroch] 


hite, 1 
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One of the fractions of the soluble gum acid under consideration, 
namely, that with [a], — 88° and containing 3°23 per cent. BaO in the 
barium salt, is probably represented by the formula : 


110, 9H 404,30, 9H 990} 9,023 H 3601,Ba0. 


This requires 3°29 per cent. BaO, and should yield on partial hydro- 
lysis 71°7 per cent. of arabinose. It has been shown above that between 
72 and 76 per cent. of moderately pure arabinose was obtained from 
the mixed gum acids, 

From these facts, it appears clear to me that the constitution of the 
soluble gum acid of gum tragacanth has, broadly, been sufficiently 
well established and indicated. 


The Nitrogenous Matter. 


Of this, I cannot at present say more than that it is less soluble in 
alcohol than the gum acids just described, in fact, it is fraction y, 
mentioned on page 1170; that, when once precipitated and dried, it 
does not again give a clear solution in water, whilst it is soluble, with 
aslight brown colour, in potash, and that it does not give the proteid 
reactions given by the nitrogenous substance from gedda gum (Trans., 
1891, 59, 1061). 


XII, Fraction a.° The Jelly-like Portion. ‘* Bassorin.” 


It has been pointed out in the earlier portion of this paper that the 
clear filtrate, obtained in the process of removing the cellulose-like 
shreds from the product of the digestion of gum tragacanth with a 
large bulk of water, yielded on evaporation a gelatinous scum and a 
jelly-like deposit, and that the solution, when brought to this state of 
concentration, yields the bulky precipitate with dilute alcohol which 
was mentioned when the elimination of the soluble gum acids, 
fraction 8, was described. 

This precipitate was repeatedly washed with dilute alcohol, dissolved 
ithe least possible quantity of water, acidified with hydrochloric 
acid, and placed upon a dialyser to free it from salts of calcium, 
magnesium, &c. When the solution on the dialyser was free from 
hydrochloric acid, dilute alcohol of sp. gr. 0°870 was added to it; a 
hite, curdy precipitate was thrown out, which, on decanting off the 
i tnatant liquid and adding stronger alcohol, became shred-like, 

Hbis was well washed with alcohol of sp. gr. 0°850, and then de- 

iydrated by alcohol of sp. gr. 0°825, when it could readily be rubbed 


own to a powder. It is undoubtedly the substance known as 
sorin, 
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®. This preparation, dried until constant in a current of dry air at 
100°, gave [a]p +98°. 


I do not give the analytical numbers, because up to this pointI § be 
have no criterion of the purity of the substance. It may, however, # th 
be here pointed out that the opticity of the gum acids soluble in & il 
alcohol of sp. gr. 0°870 is almost identical with the above number, # ak 
although opposite in sign. | 

A barium salt of the preparation was made by neutralising an én 
aqueous solution thereof with clear baryta water. While doing this, 
it was noticed that at the point where the baryta water dropped into : 
the solution, and, consequently, where the reagent was in excess, a solt 
lemon-yellow colour was developed. By cautious addition of the § “pi 
reagent, however, a neutral solution was obtained without the pro § “iP! 
duction of much colour, and this, on addition of alcohol, yielded a ti 
curdy precipitate, which, after being washed with dilute alcohol and 1% 
dried in a current of dry air at 100°, contained BaO = 9-2 per cent. solu 

F 

XITa. Conversion of Bassorin into a- and B-Tragacanthan-wylan- is n 

bassoric Acids. ence 

When an attempt was made to dissolve the above barium salt for Wh 
the estimation of the barium, a portion was found to be insoluble; aia 
hence, it seemed as if some change had taken place, presumably under ie | 
the influence of the alkali employed. mm 

Numerous attempts were made to purify the original bassorin by on 
partial precipitation with alcohol, but with no great success, cons wae 
quently the whole preparation was converted into a barium salt by _ 

’ treatment with baryta water. After this salt had been dried int it 
vacuum over sulphuric acid, and finally in a current of dry air # “a 
100°, it was observed that a part was insoluble in water, as already - 
mentioned. The insoluble portion admitted of being easily filter a 
off. The filtrate was submitted to dialysis in presence of hyd i 
chloric acid until free from barium. ‘Po the solution, alcohol wi tate 
added, and the precipitate, after redissolving and reprecipitating Wi , 
alcohol several times until all the hydrochloric acid had been removet 
was strained out, pressed, dehydrated, dried in a vacuum over Sl 
phuric acid, and finally in a current of dry air at 100°. The 

0-971 gram, dissolved in water and made up to 50 ¢.c., gave & acid by 
tion of sp. gr. 1:0083 and an opticity a>® + 2°5’, whence this su 

[a]p +128. D=4-27. my 

It will be noticed that the [a] is much higher than that of Ze 
original substance, and the divisor much greater than that of # 083 
known carbohydrate. Further, it is obvious that we have in no of ep. g 


to deal with the original material. 
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On attempting to prepare a barium salt of this substance by 
neutralising its aqueous solution with clear baryta water, the addition 
being made drop by drop, a gelatinous precipitate was immediately 
thrown out. This precipitate, formed in as neutral a solution as pos- 
sible, was collected and washed, first with water, then with dilute 
alcohol, and finally dehydrated and dried as usual. On analysis: 


0'448 gave BaSO,=0°116. BaO=17:0 per cent., a result which 
confirms the conclusions arrived at from the [a], and D, 


As has been mentioned previously, the neutralisation of the original 
solution of bassorin with clear baryta water gave rise to no pre- 
cipitate of any kind, whereas the neutralised solution yielded on pre- 
cipitation with alcohol a substance which, after drying, was not again 
entirely soluble in water. The portion of the neutralised precipitate 
insoluble in water was also insoluble in hydrochloric acid, but was 
soluble in potash or ammonia. 

From these facts, it is evident that the substance known as bassorin 
isnot a stable compound, but undergoes some change under the influ- 
ence of the alkali employed in the preparation of one of its salts. 
What the nature of this change is, I do not propose to discuss at 
present ; it is sufficient to say that when an excess of milk of lime or 
baryta water is added to a strong solution of bassorin in water, a 
dense, curdy, light lemon-yellow precipitate is thrown down, which 
can be collected, washed with alcohol, dehydrated, and dried at 100° 
without developing a more intense coloration. On treating the dry 
mass with an excess of dilute hydrochloric acid, much carbon dioxide 
is evolved, and a large, semi-curdy portion remains insoluble ; this can 
be easily filtered off, the filtrate being perfectly clear. 

The insoluble portion admitted of being washed with cold water, 
and dehydrated and dried as usual by treatment with strong alcohol. 
This may be called fraction B. 

Addition of alcohol to the clear acid filtrate yielded a curdy precipi- 
tate called fraction A. We shall deal with the latter first. 


Fraction A. 


The white, curdy precipitate was washed free from hydrochloric 
acid by dilute alcohol, and was pressed and dried. A small portion of 
this substance was found to be insoluble in water. This was collected, 
and alcohol added to the filtrate so long as a precipitate was produced. 
On drying as usual, this yielded the following results on analysis : 


0°83 gram, dissolved in water and made up to 50 c.c., gavea solution 
of sp. gr. 1:00696 and al” +4:5°, whence 
[alo +135. D=4:19. 
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It will be observed that this opticity is still higher than that of the 
substance with which I started. Is the substance even now homo- 


geneous # u 
To ascertain this, an aqueous solution of the acid was treated with 
sufficient clear lime water to precipitate about half the solid matter 
present. A bulky precipitate of calcium salt was thrown out, which 
was easily filtered, and could be readily washed with water and D 
dilute alcohol ; this was pressed and dried as before. We call this | 
portion fraction Ay. bel 
To the filtrate, hydrochloric acid in excess was added, and then 
alcohol so long as a precipitate was formed. This was collected ona 
filter, washed with dilute alcohol until free from chlorine, and then 
dried. We call it fraction A,. I 
Both fractions were redissolved in water containing hydrochloric Ip 
acid, then reprecipitated with alcohol, and washed free from the. § 
acid. They were again redissolved and reprecipitated several times, acid 
and analyses of each made, with the following results. of t! 
Fraction A,.—1°288 grams (dried in dry air at 100° under 300 mm. solu 
pressure), dissolved in water and made up to 50 c.c., gave a solution of solu 
sp. gr. 101062 and a%® +7:14°, whence [a]p +138°6° and D 4:12. re 
Fraction A,.—1°700 grams, dissolved in water and made up to 50cc. ins 
gave a solution of sp. gr. 1:01404 and a? +9°4°, whence [a], +138? #4 
and D 4:13. throu 
These results justified me in considering that I had a pure substance J Moth 
to deal with, and accordingly I was able to proseed to its analysis. pressi 
Combustions of fractions A, and Ag, dried in ‘dry air at 100° and & *ttem 
300 mm. pressure, were made, with the following results : swell 
Fraction A,.—0°341 gave 0°537 CO,, 0°169 H,O, and 0-003 ash. pa 
C=43°43 ; H=5'56 ; ash=0°80 per cent. curven 
Fraction A,.—0°338 gave 0°530 CO,, 0°166 H,O, and 0-004 ash. Und 
C=4341; H=5'52 ; ash=1-20 per cent. the si 
The ash in both cases was mainly calcium carbonate. lend so 
These numbers confirm the conclusions arrived at from the opticities wants, 
and D, namely, that the substance is homogeneous. ity he 
The empirical formula calculated from these numbers is C,,H,0, _— 
which requires : 0-379 


C=43°63 ; H=5-46 per cent. 


Bariwm Salt.—A portion of the acid used in the foregoing analysis 
was dissolved in water, neutralised at the boiling point with ammonis 
neutral litmus paper being used as indicator, and barium chloride sl 
tion added so long as a precipitate was formed. The precipitate# 
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obtained was collected and washed with cold water until free from 
chlorine.* The barium salt so prepared can be easily dried in the 
usual way, and rubbed down to a fine powder. On analysis: 


0:388, dried in dry air at 100°, gave BaCO, 0096. BaO=19-21. 
C.4H409,BaO requires BaO = 19°24 per cent. 


Determinations as BaSO, yielded the same results. 
Caleiwm Salt.—This salt is prepared similarly to the above, and 
behaves in like manner, but its solubility in water is slightly greater. 


0326, dried in dry air at 100°, gave CaCO, 0°048. CaO0=8:24. 
C.,H5,0.9,CaO requires CaO = 8:02 per cent. 


Further details concerning these products need not now be given, as 
I propose to treat the subject more fully in a future paper. 

Silver Salt.—An attempt was made to prepare the silver salt of the 
acid, but the task was beset with many difficulties. About 0°5 gram 
of the acid was dissolved in water, neutralised with ammonia, and the 
solution made up to about 45 c.c. On adding ordinary silver nitrate 
solution to this, the whole was converted into a transparent jelly of 
sufficient density to admit of the beaker being inverted without dis- 
turbing its contents. One hundred c.c. of water were added, and the 
mixture well stirred and thrown upon a filter, the operation being 
conducted in a room lighted by ruby light. Much of the liquid passed 
through, but it was difficult to free the precipitate entirely from its 
mother liquor. This end, however, was to some extent achieved by 
pressing the gelatinous mass between folds of filter paper, but on 
attempting to wash the fairly dry substance with water, it again 
swelled up, and the above process of filtration and drying had to be 
repeated. On drying in a vacuum over sulphuric acid in the dark, the 
salt became brown, and when an attempt was made to dry it ina 
current of dry air at 100°, it blackened completely. 

Under these circumstances, it seemed hardly worth while to estimate 
the silver in the preparation, but in the hope that an analysis might 
lend some support to the conclusions indicated by the previous experi- 
ments, a portion of the salt, dried in a vacuum over sulphuric acid 
(not, however, until constant, owing to slow decomposition of the salt) 
was analysed, with the following results : 


0372 gave O'll AgCl. Ag=22°2. 
C.,H,,0,),Ag,0 requires Ag = 24°77 per cent. 


we The barium salt is sufficiently soluble in cold water to give a precipitate with 
ilver nitrate, that is, the silver salt of the acid is less soluble than the barium salt, 
~ — the absence of chlorine must be proved by silver nitrate in presence of 
PUTIC acl 
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This result is, considering the circumstances, sufficiently close to 
support the conclusions based on previous experiments. 

To the gum acid giving rise to these salts, the name a-tragacanthan- 
aylan-bassoric acid may be given, for reasons which may simply be 
indicated here. 


Hydrolysis of a-Tragacanthan-xylan-bassoric Acid. 


When a 20 per cent. solution of the acid is digested for 20 minutes 
at the temperature of a boiling water-bath with a 5 per cent. solution 
of sulphuric acid, a sugar is obtained on the one hand which proves 
to be a pentose having the opticity [a]) —30° or thereabouts. This 
is a new sugar which I propose to name “ tragacanthose”’ (it may be 


l-xylose, but I have not sufficient of the substance to enable me to the 
decide the point at present); on the other, a new acid is produced the a 
barium salt of which was found on analysis to contain 22°5 per cent. on 
BaO. C,,H,,0,,BaO requires BaO= 23°07 per cent., and the acid rm 
from this salt on combustion gave numbers corresponding with those 0 
required by the formula C,,H,,0,,. pota 
The action of sulphuric acid upon a-tragacanthan-xylan-bassoric [a] 
acid—[ a], +135°—is represented by the following equation : k 
C.,H,,0., + H,O = O;H,,.0, + O19 H 9047 alt 
Tragacanthose Xylan-bassoric acid. chloy 
or J-xylose. dryin 
The opticity of the new gum acid in neutral solution (potassium finall 
salt) was found to be [a ]y +200° or thereabouts. This acid is only B  °* 
slightly soluble in cold water, and its barium and calcium salts are dilute 
almost insoluble. reside 
On acting upon xylan-bassoric acid still further with 5 per cent bariui 
sulphuric acid in the same way as on the original substance, another It am 
sugar, xylose, was eliminated and another new acid, namely, bassoric The 
acid, was produced. The action of sulphuric acid is represented by " a 
the following equation : am 
CigH,,0,, + H,O = ©,H,0; + CyHo%s I co 
Xylose. Bassoric acid. salt, 
The sugar produced was proved to be xylose by its crystalline fori, BP or pota 
K, optical activity [a ]) +21° (it has a high temporary activity), and i not thr 
by the depression of the freezing point of its solutions. barium 
Bassoric acid is only very slightly soluble in cold water, it gM The | 


tinises on treatment with boiling water and separates from this jell 
on cooling, in much the same way as inulin does from its soluti 
The optical activity of the acid in alkaline solutions was [ |p + 26s 
and the neutrai barium salt contained BaO=28 to 29 per om 
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(,,H,,0;,BaO requires BaO=28°8 per cent. This salt is almost 
insoluble in water. 

I shall not describe this final acid further on this occasion, but I 
may point out that the composition seems to indicate a combination of 
two hexans with C,O,. 

C,H, ,0 
0,H,,,0, } 0,0, = C,H0,5. 

I have sufficient acid to determine this point and other things con- 

nected therewith definitely, and the work is in hand. 


Fraction B. 


The crumb-like substance, left insoluble in hydrochlorie acid when 
the dried precipitate obtained with milk of lime was treated with that 
reagent (p. 1179), was washed free from hydrochloric acid with cold 
water, rubbed down to a powder with alcohol of sp. gr. 0°820, dried in 
a vacuum over sulphuric acid, and then in dry air at 100°. 

0972 gram so dried, dissolved in the least possible quantity of 
potash, and the solution made up to 50 c.c., gave aj°® +6°0°, whence 
[a]p +154°. 

Barium Salt.—A portion of the acid was converted into barium 
salt by precipitating the neutral potassium salt solution with barium 
chloride, filtering off the precipitate, washing free from chlorine, and 
drying it with alcohol, then in a vacuum over sulphuric acid, and 
finally in dry air at 100°. 

0378 gram of the salt thus dried was treated with excess of 
dilute hydrochloric acid in the cold for 24 hours, and the insoluble 
residue filtered off and washed free from hydrochloric acid. The 
barium in the filtrate was precipitated in the usual way as sulphate. 
It amounted to 0°107 gram BaSO,, hence BaO =18°6 per cent. 

The percentage of BaO agrees sufficiently closely with that yielded 
by the barium salt of fraction A, to indicate that we have a substance 
of the same composition to deal with, but there is no evidence, so far, 
that the material is homogeneous. 

I converted the whole of the portion of [a], +154° into barium 
salt. It may be pointed out that unless the solution of the ammonium 
or potassium salt is not moderately concentrated, the barium salt is 
not thrown out in an easily filterable condition on the addition of the 
barium chloride. 

The barium from the salt was extracted with hydrochloric acid as 
already described, and the free insoluble acid was divided into two 
fractions by dissolving it in the least possible quantity of ammonia 
and partially precipitating the solution with barium chloride. The 
first precipitate, which may be called B,, after continued stirring was 
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filtered off, and a second, B,, precipitate was obtained from the filtrate 
by adding more barium chloride solution. 

Both fractions were dried and freed from barium by treatment with 
hydrochloric acid as described already. 

Fraction B,, 0°766 gram (dried in a vacuum over sulphuric acid and 
in dry air at 100°), dissolved in the least possible quantity of dilute 
potash, and the solution made up‘to 50 cc. gave ap” +5:0°, whence 
[a]p +163°2° 

Fraction B,. The fraction from the second precipitate with barium 
chloride was treated and examined in the same way. 


0684 gram in 50 c.c dilute potash solution, gave ap® +4°, 
whence [a]p) +164°5°. 


These numbers are in sufficient agreement to warrant the conclusion 
that the substance dealt with is practically homogeneous. On com- 
bustion of a portion of each of the fractions, the following results were 
obtained. 

Fraction B,. 


0°3525 gave 0°5565 CO,, 0:1795 H,O, and 0°0020 ash. 


Fraction B,,. 


0'3715 gave 0°5880 CO,, 0°1870 H,O, and 0°0005 ash. 


Bye Be 
C..... 43°30 per cent. 43°24 per cent. | Calculated on substance 
a k 5°59 =, free from ash. 


Ash.. 057 ,, 017 ,, 


These numbers agree sufficiently well among themselves, and if they 
be compared with those obtained for a-tragacanthan-xylan-bassori¢ 
acid, the agreement is so close as to warrant the conclusion that the 
two acids are isomeric. I shall call this acid B-tragacanthan-cylaw 
bassoric acid. 

This conclusion was confirmed by an examination of the products a 
the sulphuric acid, hydrolysis of the B-acid, the levorotatory sugal, 
xylan, the intermediate acid [a], + 200° (barium salt of which contains 
22°46 per cent, BaO), and the final acid with [a], +255°and a barium 
salt containing 28°8 per cent. BaO being obtained. 

So far, these two acids are described with sufficient distinctivents 
to enable anyone to recognise either of them, and in this position ! 
leave them for the present. 

I hope in the immediate future to describe bassorin itself mov 
accurately, to indicate the reactions by which it is connected with « 
and B-tragancanthan-xylan-bassoric acids, and to describe more close 
the levorotatory pentose, which is the first product of their hydrol 
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by sulphuric acid. There can be no doubt that xylose is the second 
sugar eliminated. Of this, however, I may have something further 
to record later on. 

Both xylan-bassoric and bassoric acids were eliminated from the 
products of the action of sulphuric acid on the undifferentiated gum, butit 
was difficult to prepare pure substances, as mixtures of tragucanthan- 
xylan-bassoric acids with these acids existed amongst the products, 


I have to thank my assistants, Dr. A. L. Stern and Mr. J. A 
Walker, M.A. (Oxon.), for the helpful assistance they have given me 
in carrying out the work of which, I in justice must say, this paper is 
only a brief summary, but which I hope to amplify in the immediate 
future, more especially in dealing with the cellulosic residue, the nitro- 
genous constituent, and bassorin. 


CXXV.—Condensation of Phenols with Esters of the 
Acetylene Series. Part VI. 


By Siecrrigep RunEeMANN and Ernest Wraae, B.A. 


Previous researches led to.the result that ethyl acetylenedicarb- 
oxylate and ethyl chlorofumarate yield the same esters on treatment 
with the sodium phenolates, and that the acids formed from them on 
hydrolysis readily condense to derivatives of 1 :4-benzopyrone under 
the influence of concentrated sulphuric acid. As has also been shown, 
the acids obtained from the products of the interaction of the sodium 
phenolates with ethyl phenylpropiolate cannot be thus transformed 
into flavcne and its homologues, but on distillation lose carbon dioxide, 
yielding phenoxystyrene and its homologues, and on treatment with 
sulphuric acid decompose into carbon dioxide, acetophenone, and the 
corresponding phenols, 

Similar is the behaviour of the substances produced from eugenol 
and m-xylenol, which is described in this paper. Although we have not 
been able to obtain the benzopyrone compound from eugenoxyfumaric 
acid, yet xylenoxyfumaric acid can readily be condensed to dimethyl- 
enzopyronecarboxylic acid. -m-Xylenoxycinnamic acid, on the other 
and, is completely decomposed by sulphuric acid. 

The fact that the aryl ethers of B-hydroxycinnamic acid are not 

ansformed into benzopyrone derivatives induced us to ascertain 
hether this reaction is prevented from taking place only by the pre- 
ence of the phenyl group, or whether hydrocarbon radicles in general 
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have this effect. For this purpose, we have studied ethyl £-phenoxy- 
crotonate, which is formed by the action of sodium phenolate on ethyl 
f-chlorocrotonate, and have found that the corresponding acid does not 
yield a benzopyrone compound, but undergoes changes similar to those 
observed in the case of the aryl ethers of B-hydroxycinnamic acid. On 
heating, it loses carbon dioxide and forms B-phenoxypropylene, thus; 


CH,°C(O-C,H,):CH-CO,H = CO, + CH,°C(O-C,H,):CH,, 
whilst under the influence of sulphuric acid it suffers the following - 
decomposition : be 
CH,°0(0-C,H,):CH°CO,H + H,O = CO, + CH,*CO-CH, + C,H,0H. la 

With the view of testing whether the difference in the behaviour fe 
of the aryl ethers of 8-hydroxycinnamic and f£-hydroxycrotonic acids 0 
from that of the ethers of hydroxyfumaric acid is caused by the con: ; 
figuration of the unsaturated acids, we have subjected f-chloroiso- 
crotonic acid, instead of its stereoisomeride, to the action of sodium 
phenolate. We find, however, that the same compound is formed as ] 
when ethyl £-chlorocrotonate is used. This result may be explained bins 
by the assumption that the formation of ethyl 6-phenoxycrotonate is pou 
preceded by the addition of sodium phenolate to the chlorocrotonic peo 
esters, accompanied by the transformation of ethyl -chlorocrotonate and 
into ethyl f-isochlorocrotonate. The resulting substance would thus 

P CH,°C-0'C,H, ; det; 
WW f th che 
have the configuration CO,Et-C-H » Which on account of the 
axial position of phenoxy] to the ester group could not yield a benz0- E 
pyrone compound. 
EXPERIMENTAL, Th 
sgn sodiu 
C,H O-CH, CH’‘CO,'C,H sodiu 
Ethyl Eugenoxyfumarate, ~*~ 5| ae 00,'C,H, 6, none 
On cor 

The union of eugenol with ethyl chlorofumarate takes place whet H wit) , 
the unsaturated ester (1 mol.) is gradually added to a solution of # from ; 
sodium (1 at.) in an excess of the phenol. The dark, viscous product B} remaj, 
is heated for a short time, and, after standing for several hour, #10 my 
treated as in the former cases. The ester is a yellowish oil which H On an, 
boils at 231—232° under 14 mm. pressure ; it possesses an aromatit O18 
odour, and at 21°/21° has the density 1°1256. On analysis : 

0:2030 gave 0°4822 CO, and 0°1247 H,O. C=64:73; H=682 

C,,H..0, requires C= 64°67 ; H =6°58 per cent. . B-m-. 
he esti 
al (3) [4] 
Eugenoxyfumaric Acid, C,H,(O*CH,)C,H,*O-C(CO,H):CH*00,H.— i hours 


The potassium salt of the acid separates as a crystalline solid on bol 
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ing the ester with alcoholic potash for 2—3 hours. After the product 
has been freed from alcohol by distillation on the water-bath, water is 
added to the residue, and the solution treated with an excess of dilute 
sulphuric acid, when the organic acid separates as an oil. This is 
prevented from solidifying on account of the presence of eugenol, 
which is formed along with eugenoxyfumaric acid on hydrolysis of the 
ester. In order to remove the phenol, the ethereal solution of the oil 
is shaken with sodium carbonate, and an excess of dilute sulphuric 
acid added to the aqueous layer. ‘The organic acid which separates is 
best. extracted with ether, and, after complete evaporation of the 
latter, remains as a yellow solid; which is very soluble in ether or 
alcohol. It readily dissolves in boiling water, and, on cooling, crys- 
tallises in yellowish plates which melt and decompose at 172—173°. 
On analysis : 


0'2142 gave 0°4755 CO, and 0:0980 H,O. C=6054; H=5-08. 
C,,H,,0, requires C = 60°43 ; H=5-03 per cent. 


Eugenoxyfumaric acid dissolves in concentrated sulphuric acid, 
forming a dark red solution. After standing overnight, it is gradually 
poured into cold water, when a brownish, gelatinous precipitate is 
produced, which we have been unable to obtain in a crystalline form, 
and therefore have not further examined. 


Action of the Sodium Derivative of m-Xylenol on Ethyl Phenylpropiolate. 
on,’ 


oH, CH-C0,°C,H, 
f/ _0—C-O,H; 

The action of ethyl phenylpropiolate (1 tol.) on a hot solution of 
sodium (1 at.) in an excess of m-xylenol takes place very readily. The 
sodium derivative of the phenol, which partly separates on adding the 
unsaturated ester, disappears. The dark red oil which is formed sets, 
on cooling, toa resin. After standing for some hours, it is agitated 
with dilute sulphuric acid and ether ; the ethereal layer is then freed 
from the excess of the phenol by potash, the ether evaporated, and the 
remaining oil distilled in a vacuum. It boils at 225—226° under 
10 mm. pressure, is colourless, and at 21°/21° has the density 1°0946. 
On analysis : 


0:1877 gave 0:5300 CO, and 01180 H,O. C=770; H=6-98. 
C,,H,,0, requires C= 77°02 ; H=6°76 per cent. 


Ethyl  B-m-Xylenoxycinnamate, 


B-m-Xylenoxycinnamic Acid, (CH,),0,H,"0-O(O,H,):CH-CO,H.— 
The ester is hydrolysed when it is boiled with alcoholic potash for 2 
hours. On adding dilute sulphuric acid to the alkaline fluid after 
*vaporation of the alcohol on the water-bath, -m-xylenoxycinnamic 
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acid is precipitated as a resin, which, on stirring with a little alcohol, 
sets toa solid. This dissolves in hot dilute alcohol, and the solution, 
on cooling, yields an emulsion from which colourless prisms gradually 
separate. The acid melts at 121—122° with evolution of gas. On 
analysis : 
02000 gave 0°5575 CO, and 01080 H,O. C=76°02; H=60. 
C,,H,,0, requires C= 76°12 ; H=5-97 per cent. 


The silver salt is obtained as a white precipitate on mixing the 
solution of the acid in ammonia with silver nitrate; it is neither 
changed on exposure to light nor decomposed on drying at 100°. On 
analysis : 


02994 left, on ignition, 0°0858 Ag. Ag= 28°66. 


C,,H,,0, Ag requires Ag = 28°80 per cent. gr 
(1:8) [4] 18 
B-m-Xylenowystyrene, (CH,),CgsH,*O-C(C,H,):CH,.—f-m-Xylenoxy- Th 
cinnamic acid, on heating, loses carbon dioxide, and f-m-xylenoxy- bu 
styrene is formed. It is a colourless oil with an aromatic odour, 
distils at 178° under 15 mm. pressure, and at 21°/21° has the density 
10353. On analysis : 
0:1700 gave 0°5343 CO, and 0:1090 H,O. C=85-71; H=7:12. . 
C,,H,,0 requires C= 85:71; H=7°14 per cent. 6 
Action of the Sodiwm Derivative of m-Xylenol on Ethyl Chlorofumarate, = 
ell 
CH,’ NCH, CH-CO,°C,H, frou 
Ethyl m-Xylenonyfumarate, wy H. C0,*C,H, 6, the 
This compound is formed ina similar manner to the other aryl lo 
ethers of ethyl hydroxyfumarate, that is, by gradually adding disso 
ethyl chlorofumarate (1 mol.) to a hot solution of sodium (1 at.) in an with 
excess of m-xylenol. The dark product, after treatmeat as in the 
former cases, yields a yellowish oil which boils at 202—203° under 01 
17 mm. pressure, and at 21°/21° has the density 10978. On analysis: 
0°2033 gave 0°4892 CO, and 0°:1263 H,O. C=65°62; H=6:92. ha 
C,,H,,0, requires C=65°75 ; H=6°85 per cent. amon 
[1:8] [4] 
m-Xylenoxyfumaric Acid, (CH,),C,H,*O*C(CO,H):CH-CO,H.—The Eth, 
ester is readily hydrolysed by boiling it with alcoholic potash. After pheno! 
the alkaline solution has been freed from alcohol by distillation on the chloro 
water-bath, water is added to the residue, and then an excess of sodium 
dilute sulphuric acid. The solid, which is precipitated, dissolves in jected 


boiling water with difficulty, but with great ease in alcohol or ether, — 
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and crystallises from dilute alcohol in yellowish prisms which melt and 
decompose at 210°. On analysis: 


0'2025 gave 0°4539 CO, and 0°0955 H,O. C=61:13; H=5-24. 
C,,H,,0, requires C= 61°01 ; H=5-08 per cent. 


6 : 8-Dimethyl-1 : 4-benzopyrone-2-carboxylic Acid, 
CH; o 
VA / \o-CO,H 


CH. 
8\ 7 co 


m-Xylenoxyfumaric acid dissolves in cold concentrated sulphuric 
acid, forming a red solution. After standing overnight, this is 
gradually poured into cold water, when a white, gelatinous precipitate 
is formed, which crystallises from dilute alcohol in colourless prisms. 
These melt and decompose at 278°, and are freely soluble in alcohol 
but insoluble in water, On analysis: 


0'2028 gave 0°4916 CO, and 0°0860 H,O. C=61:11; H=4°71. 
C,,.H,,0, requires C= 66°05 ; H = 4°59 per cent, 


CH; o 
ANS \CH.—On heating the 


cHy CO’ CH 
dimethylbenzopyronecarboxylic acid, it loses carbon dioxide, and a 
yellowish oil distils over which rapidly solidifies. The solid is freed 
from a small quantity of the acid which it contains by shaking the 
ethereal solution of the distillate with sodium carbonate. On evapora- 
tion of the ether, the dimethylpyrone -remains behind ; it crystallises 
from dilute alcohol in colourless needles which melt at 80—81° and 
dissolve in concentrated sulphuric acid, forming a colourless solution 
with a bluish fluorescence. On analysis : 


01974 gave 0°5482 CO, and 0:1047 H,O. C=75°73; H=5-89. 
C,,H,,0, requires C= 75°80 ; H=5-75 per cent. 


6 : 8-Dimethyl-1 : 4-benzopyrone, 


Action of Sodium Phenolate on the Esters of B-Chlorocrotonic and 
B-Chloroisocrotonic Acids. 


Ethyl B-Phenoxycrotonate, CH,*C(O-C,H,):CH-CO,*C,H,;.—Sodium 
phenolate reacts with ethyl B-chlorocrotonate as readily as with ethyl 
chlorofumarate on adding the ester (1 mol.) to a hot solution of 
sodium (1 at.) in an excess of phenol. The dark oily product, when sub- 
jected to the same treatment as in the former cases, yields a colour- 
less oil with a pleasant aromatic odour, which distils at 147—148° 
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under 14 mm. pressure, and at 21°/21° has the density 1:0726. On 
analysis : 


0°1980 gave 0°5065 CO, and 0°1236 H,O. C=69°76; H=6:93. 
C,.H,,0, requires C=69°90 ; H=6°80 per cent. 


The ester, on hydrolysis with alcoholic potash, is transformed into 
B-phenoxycrotonic acid, CH,*C(O-C,H,);-CH°CO,H. On adding dilute 
sulphuric acid to the alkaline solution, after evaporation of the alcohol, 
the acid is precipitated as a white solid which dissolves in ether or 
alcohol with great ease, but only sparingly in water, and crystallises 
from dilute alcohol in colourless needles melting at 155°. On analysis: 


0°2105 gave 0°4971 CO, and 0°1062 H,O. C=67:28; H=5°85. 
C,)H,,0; requires C= 67-41 ; H=5-62 per cent. 


The silver salt is formed as a white precipitate, which is first gela- 
tinous, but gradually becomes curdy, on adding silver nitrate to the 


solution of the acid in ammonia. The salt is insoluble in water, and . 


has to be dried in a vacuum, since it turns brown when heated at 100°. 
_ On analysis: 


0:2805 left, on ignition, 0°1065 Ag. Ag= 37-96, 
C,,H,O,Ag requires Ag = 37°89 per cent. 


B-Phenoxycrotonic acid, as has been mentioned (p. 1186), when dis- 
solved in concentrated sulphuric acid, or when boiled with dilute sul- 
phuric acid, suffers a decomposition similar to that of the aryl ethers 
of B-hydroxycinnamic acid, and furnishes carbon dioxide, phenol, and 
acetone. 

B-Phenoxypropylene, CH,*C(O-C,H,):CH,.—On heating £-phenoxy- 
crotonic acid in a vacuum, it distils with partial decomposition ; this, 
however, is complete on distillation under the atmospheric pressure. 
The colourless oil so obtained, boils at 170°, and has an odour resem- 
bling that of phenyl mustard oil. On analysis: 


02400 gave 0°7118 CO, and 01610 H,O. C=80°88; H=7'45. 
C,H,,O0 requires C= 80°60; H=7°46 per cent. 


As stated on p. 1186, ethyl B-chloroisocrotonate yields the same pro- 
duct as ethyl £-chlorocrotonate, when it is treated with sodium phenol- 
ate. The substance obtained from the former ester distils at 152° under 
18 mm. pressure, as compared with 147—148° (under 14 mm. pressut®) 
which we have found for the sample prepared from ethyl chloro 
crotonate. Its composition, moreover, has been verified by the fol- 
lowing analysis : 


0°1938 gave 0:4960 CO, and 0:1178 H,O. C=69:30; H=6°75. 
C,,H,,0, requires C = 69-90 ; H = 6°80 per cent. 


TP oe 
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The identity of both specimens of ethyl 8-phenoxycrotonate is also 
supported by the fact that the acids formed from them on hydrolysis 
have the”same crystalline forms and melting points, 
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CXXVI.—The Hydrobromides of Undecylenie Acrd. 
By James WALKER and Joun 8S. LumspDEn. 


Brunner (Ber, 1886, 19, 2226), by the addition of hydrogen bromide 
to undecylenic acid, ©,,H,,0,, obtained a bromundecylic acid, 
(,,H,,0,Br, which fused at 35°. No details of the mode of preparation 
or purification are given, The same acid is mentioned by Nérdlinger 
(Ber,, 1890, 28, 2357), but again no details are given, Nérdlinger 
also, by the addition of hydrogen bromide to the methyl and ethyl 
esters of undecylenic acid, prepared the corresponding esters of a 
bromundecylic acid, As it has been proved with practical certainty 
that uodecylenic acid has the formula CH,:CH*[CH,],-CO,H, compounds 
obtained from it by the addition of hydrogen bromide must have one 
or other of the formule : 


CH,Br-CH,*[CH,],-CO,H and CH,*CHBr-[CH,],*CO,H. 


Nérdlinger, on the strength of the rule that the halogen atom in such 
additions generally takes up the position more remote from the 
carboxyl group, assumes that Brunner’s acid has the formula 
CH,Br-[CH,],*CO,H and that the esters which he himself prepared 
are the esters of this acid. Since these esters have been made the 
starting point for determining the constitution of various substances, 
it is plainly of {importance to know if Nérdlinger’s assumptions are 
justified. In the present paper, it is shown that the acid 
CH,Br-[CH, |,-CO,H 

is not Brunner’s acid, which has in all probability the other con- 
stitution, CH,-CHBr-[CH,],-CO,H. Both these acids are simul- 
taneously formed by the addition of hydrogen bromide to undecylenic 
acid, and no doubt the esters of both are produced by the addition of 
hydrogen bromide to undecylenic esters, a circumstance which 
would explain the divergent results obtained by different observers in 
syntheses involving their use, 
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Addition of Hydrogen Bromide to Undecylenic Acid. 


The hydrogen bromide which we used in the following experiments 
was in all cases free from bromine, and dried by means of phosphoric 
oxide. 

Addition without the use of a Solvent.—The following is a typical 
experiment. Seven grams of undecylenic acid were saturated with 
hydrogen bromide at the ordinary temperature. The acid fused and 
became slightly warm. Absorption ceased when 3°5 grams of the gas 
had been taken up. Dry air was then led through the liquid product 
to remove the excess of hydrogen bromide. This occasioned a loss of 
0°5 gram, so that 7 grams of undecylenic acid had united with 30 
grams of hydrogen bromide, the calculated quantity being 3:1 grams, 
After remaining for some time in a vacuous desiccator, the liquid 
partially solidified, and the crystals (4 grams) were separated from the 
oil (6 grams) by filtration. 

The crude crystals were spread on porous tiles to remove the oil 
which still adhered to them, and were recrystallised from warm light 
petroleum, The substance separated in clusters of needles which 
melted at 50°. 

The oil did not solidify at the laboratory temperature even after 
long-continued standing, but crystallised on cooling to 0°. The crys- 
tals were washed on the ice-cooled filter with cooled light petroleum, 
and were then spread on porous tiles. On recrystallisation from light 
petroleum, they melted at 35°. 

In this experiment, Brunner’s acid was formed in about equal propor- 
tion with another acid of higher melting point. The proportions of 
the two acids vary very much in different experiments, sometimes one, 
sometimes the other, preponderating. 

Addition in Ethereal Solution.—Seven grams of undecylenic acid were 
dissolved in anhydrous ether, and the solution saturated at the ordinary 
temperature with hydrogen bromide, the excess of which was after- 
wards removed by a current of dry air. On evaporation of the ether, 
the residue solidified, and was purified by spreading on a porous tile and 
recrystallisation from light petroleum. Five grams of Brunner’s acid 
melting at 35° were thus obtained. The presence of the ether seems to 
favour the formation of the isomeride of lower melting point. 

Addition in Toluene Solution.—Twenty-five grams of undecylenit 
acid were dissolved in 20 grams of toluene, the solution cooled in ie, 
and saturated with hydrogen bromide. When saturation was Coll 
plete, a solid separated, which was filtered off, thoroughly mixed with 
a little light petroleum at 0°, and refiltered. After drying on a tile 
its weight was found to be 16 grams and its melting point 49—5(". 
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The filtrates on cooling to 0° deposited a further amount of solid, which 
was purified as already mentioned. In all, 26°5 grams of the acid of 
higher melting point were obtained from the 25 grams of undecylenic 
acid, and this we have found to be the best method of preparing it. 


w-Bromundecylic Acid, CH,Br*[CH,],*CO,H. 


This acid, prepared in toluene solution in the manner just detailed, 
is insoluble in water, but freely soluble in the ordinary organic sol- 
vents, for example, alcohol, ether, chloroform, or benzene. Whilst 
easily soluble in warm light petroleum, it is only sparingly so at 
the ordinary temperature, and very sparingly so at 0°. Light petroleum 
therefore forms the most convenient solvent for its recrystallisation. It 
usually separates in clusters of fine needles, which, when pure, melt 
sharply at 51° without discoloration or evolution of gas. The sub- 
stance gave the following numbers on analysis : 

0:1472, heated in a Carius tube with 0:4323 AgNO,, required 19°9 c.c. 
of decinormal NH,ONS to precipitate the excess of AgNO, Br=30°05. 

C,,H,,0,Br requires Br = 30°19 per cent. 


The substance may be warmed either by itself or in organic solvents 
to a temperature considerably above its melting point without 


noteworthy evolution of hydrogen bromide occurring. The aqueous 
solutions of its alkali salts also are comparatively stable, showing little 
tendency to the separation of bromide and regeneration of undecylenic 
acid. 

w-Hydroxyundecylic Acid, CH,(OH):[CH,])*CO,H. 

Thirteen grams of w-bromundecylic acid were dissolved in the calcu- 
lated quantity of normal sodium hydroxide solution, and the resulting 
liquid was warmed for 12 hours at 60—70° with excess of freshly precipi- 
tated silver hydroxide, the mixture being constantly agitated by means 
of a Witt stirrer. The action was then complete, bromine in any 
frm being absent from the solution. The silver compounds were 
removed by filtration, treated with a little warm dilute sodium 
hydroxide solution, and again filtered. The filtrates were united, and 
acidified with nitric acid, whereupon a solid acid separated, which was 
filtered off, washed with water, dried on porous tiles, and crystallised 
from benzene, On recrystallisation from much hot water, the acid 
separated in clusters of very long, fine needles, and melted at 70°. 
From the above quantity of bromundecylic acid, 5°D grams of the 
purified hydroxy-acid were obtained. , 

0:0801 gave 0-0800 H,0 and 0°1922 CO,. C=65:43; H=11°10. 

C,,H,,.0, requires C = 65°35 ; H = 10°89 per cent. 

011206 of the calcium salt gave 0°0372 CaSO, Ca=9-07. 

(C,,H,0,),Ca requires Ca = 9°05 per cent, 
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The acid is thus monobasic, and has the composition of a hydroxy. 


undecylic acid. fr 
It is easily soluble in alcohol or ether, moderately so in benzene, 
separating readily from a warm solution, and sparingly in light hi 
petroleum. One hundred parts of water at 20° dissolve 0°04 part of the pe 
acid. As it is more than 20 times as soluble in boiling water, it can tal 
easily be purified by crystallisation from this solvent. lig 
A solution of the sodium salt containing 1 part in 200 is freely of 
precipitated on addition of soluble salts of barium, calcium, strontium, sep 
silver, zinc, or mercury. The barium, strontium, calcium, and silver fro! 
salts are much more soluble at the boiling point than at the ordinary oxy 
temperature, The calcium salt was purified for analysis by recrys- y 
tallisation from boiling water. The solution of sodium salt of the plac 
above strength affords only a slight precipitate with a soluble mag- whi 
nesium salt. A more concentrated solution of the sodium salt, however, 
gave a curdy, somewhat stringy, precipitate, which dissolved slightly on Suce 
heating, and was reprecipitated in a granular form on cooling the Adip 
filtered solution, Sube 
As this hydroxyundecylie acid is derived from the straight-chain 8 
undecylenic acid, it also has its carbon atoms in a straight-chain. On nwa 
oxidation with chromium trioxide, it is converted into a dicarboxylic 
acid having the same number of carbon atoms as itself, The hydroxyl A 
which it contains is therefore part of a primary alcohol group. The preci 
acid therefore must have the constitution CH,(OH):[CH,],°CO,H, and merc 
consequently the bromo-acid from which it was derived must be cold, 
CH,Br-[CH,],-CO,H. oy 
n-Vonanedicarboxylic Acid, CO,H*[CH,],°CO,H. 100 ¢ 
One gram of whydroxyundecylic acid was dissolved in glacial acetic which 
acid, and to the solution were added 10 ¢,c. of a 1:10 solution of chromium calciu 
trioxide in glacial acetic acid. A slight rise of temperature was 
observed when the solutions were mixed. The mixture was allowed 
to remain overnight, and on the following morning was gently warmed Thi 
to complete the oxidation. The solution was then poured into cold HB as tho 
water, when a white precipitate separated. This was filtered of, BP but ¢ 
washed with water, dried on porous tiles, and recrystallised first from bubble 
benzene and then from boiling water. In this way, 0°6 gram of a bromic 
acid melting at 110° was obtained. Analysis yielded the following Analy: 
results. 299 pe 
0:1323 gave 0:2968 CO, and 01112 H,O, C=61:17; H=9°34. formul; 
C,,H..0, requires C=61°11 ; H=9-26. _ The 
0°1545 required 285 ec. of W/20 NaOH for neutralisation. Be @ Msolub 
placeable H=0:922; calculated for 0©,H,,(CO,H), replaceable _ : 
rom ¢ 


H=0°926, 
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The substance is thus a nonanedicarboxylic acid, and its derivation 
from undecylenic acid shows it to have the normal structure. 

n-Nonanedicarboxylic acid resembles sebacic acid, and the other 
higher members of the series of normal saturated dibasic acids in ap- 
pearance and properties. It is soluble in alcohol or ether, can be crys- 
tallised readily from warm benzene, and is very sparingly soluble in 
light petroleum. One hundred parts of water at 20° dissolve 0°014 part 
of the acid. It is much more soluble in boiling water, from which it 
separates on cooling in lustrous scales, indistinguishable in appearance 
from those obtained under similar conditions from m-decanedicarb- 
oxylic acid and m-brassylic acid. 

The melting point of the purified substance is 110°, and falls into 
place in the series of melting points of the group of normal acids to 
which it belongs, thus : 

Acid (even). Melting point. Acid (odd). 
181° 98° C;H,O, Glutariec. 
149° 103 C,H,,0, _Pimelie. 
141 107 ©,H,,0, Azelaic. 
Ss 100 C),H»O, Nonanedicarboxylic. 


Decanedicarboxylic ¥ 127 143 C,3H,0, Brassylic. 


Dodecanedicarboxylic.. C,,H»9, 123 


A solution of the sodium salt containing 0°6 gram in 100 c.c. was 
precipitated in the cold by solutions of calcium, zinc, silver, or 
mercuric salts. Barium salts gave no immediate precipitate in the 
cold, but a granular precipitate formed on heating the solution to the 
boiling point. Magnesium salts gave no precipitate in either hot or 
cold solution. A solution containing 3 grams of the sodium salt in 
100 c.c. gave a slight precipitate with magnesium nitrate in the cold, 
which greatly increased in bulk on heating the solution to 100°. The 
calcium salt is very nearly equally soluble in hot and in cold water. 


Bromundecylic Acid, m. p. 35°. 


This acid, originally prepared by Brunner, is by no means so stable 
48 the w-bromundecylic acid melting at 51°. It melts sharply at 35°, 
but the fusion is usually accompanied by the formation of minute 
bubbles of gas, no doubt hydrogen bromide. Traces of hydrogen 
bromide are lost on warming the liquid, either by itself or in solution. 
Analysis of a specimen recrystallised from warm light petroleum gave 
29°9 per cent. of bromine instead of 30°2 per cent. required by the 
formula C,,H,,0,Br. 

The acid is freely soluble in the ordinary organic solvents, but 
insoluble in water. It is considerably more soluble in light petroleum 
than the isomeric w-bromundecylic acid, and can easily be crystallised 
from this solvent, the crystals assuming the form of thin plates or 


1196 THE HYDROBROMIDES OF UNDECYLENIC ACID. 


oblique prisms. In contact with an alkaline solution, it readily loses 
the elements of hydrogen bromide with simultaneous formation of 
undecylenic acid. Thus an attempt was made to convert it into the 
corresponding hydroxy-acid by treatment of its sodium salt with silver 
hydroxide. The action was conducted at the ordinary temperature, 
and took a fortnight for completion, the product being then worked 
up as detailed under w-hydroxyundecylic acid. The resulting acid 
was liquid, and only partially solidified on long standing. It was 
found to be unsaturated, and analysis showed it to consist of impure 
undecylenic acid. 

This tendency of the bromo-acid to revert to undecylenic acid made 
direct proof of its constitution difficult to procure. The tendency to 
lose hydrogen bromide would of itself, however, indicate that the 
bromine is not primary. Moreover, we know the primary bromo-acid, 
and since the mode of formation from undecylenic acid admits of only 
two possible constitutions, and the possibility of stereoisomerism is 
excluded, it is practically certain that the bromundecylic acid melting 
at 35° has the constitution CH,-CHBr-[CH,],*CO,H, in opposition to 
Nordlinger’s assumption. 


Synthesis of n-Brassylic Acid. 


Both Komppa (Ber., 1901, 34, 897) and Krafft and Seldis (Ber, 
1900, 38, 3571), starting from the ester obtained by the addition of 
hydrogen bromide to ethyl undecylenate, have by means of a maloni¢ 
ester synthesis prepared undecanedicarboxylic acids, which both 
originally held to be the normal acid, for both postulated that the 
bromundecylice ester with which they worked was the w-derivative 
The acids which they obtained, however, differed entirely from each 
other; that of Krafft and Seldis melted at 113—114°, being iden- 
tical with ordinary brassylic acid, whilst Komppa’s acid melted at 8? 
and gave entirely different derivatives. 

In order to ascertain definitely which was the normal acid, we pe 
formed the synthesis with an ester prepared from pure o-bromunde 
cylic acid. In converting this acid into its ethyl ester, it is necessary 
to employ more alcohol than usual, for although it dissolves readily 
enough in pure alcohol, it is thrown out of solution when si 
phuric or hydrochloric acid is added. Five grams of the acid wel 
heated with 150 c.c. of alcohol and 5 c.c. of sulphuric acid on the 
water-bath for 6 hours. This yielded 4°5 grams of the ethyl este, 
boiling at 188—190° under 18 mm. pressure. 

On performing a malonic ester synthesis with this amount in the 
usual way, the liquid became neutral after 20 hours’ heating. Ti 
mixed esters were extracted and dried, and saponified by adding 
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them while hot to a boiling solution of alcoholic potash. A white 
precipitate of potassium salt separated in a few minutes. From this 
the tribasic acid was liberated by hydrochloric acid, and appeared as a 
pure white, bulky, flocculent precipitate which melted when the water 
was warmed, and solidified on cooling. The dry substance melted in 
bulk at about 60°, and in a melting point tube at 70°, with evolution 
of carbon dioxide, which became very brisk above 100°. After all the 
carbon dioxide had been driven off, the residual dibasic acid was 
recrystallised from boiling water. It formed pearly scales melting at 
111—112°, On recrystallisation from warm benzene, it melted at 
112—113°, and agreed in its other properties with the brassylic acid 
derived from erucic acid, which has therefore undoubtedly the normal 
structure. 

No doubt the esters employed by Krafft and Seldis on the one hand, 
and Komppa on the other, although apparently prepared in the same 
way, contained different proportions of the two possible bromunde- 
cylic esters (compare p. 1191), so that in the one case the normal 
undecanedicarboxylic acid resulted from a malonic ester synthesis, and 
in the other case an isomeric acid. 

Fileti and Ponzio (abstract in Ber., 1893, 26, Ref. 811, from J. pr. 
Chem., [ ii], 48, 323) give the solubility of brassylic acid in 100 parts 
of water at 24° as 0°74. This is obviously erroneous, as even acids so 
low in the series as suberic and sebacic acids do not attain even 
approximately this degree of solubility. An experiment with our 
synthetic brassylic acid gave a solubility of 0°004 in 100, which is in 
harmony with the results obtained for the other members of the series 
(see following paper). 


UNIVERSITY COLLEGE, 
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CXXVII.—n-Decanedicarboxylic Ard. 


By James WALKER and Joun 8. LumspeEn. 


Tar following research was begun by us more than two years ago, and 
was then completed as far as the electrosynthesis of n-decanedicarb- 
oxylic acid from pimelic acid. The properties of the electrosynthetic acid 
differed, however, in so many particulars from those of the acid pre- 
pared by Nordlinger from his bromundecylic esters (Ber., 1890, 28, 
2357 ; compare preceding paper), that, notwithstanding their general 
resemblance, we were uncertain of the identity of the two acids, and 
Were compelled to undertake a revision of Nérdlinger’s work. In the 
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meantime, an abstract of a paper by Komppa appeared (Chem. Centr, 
1899, ii, 1016 ; from Festschrift. Polyt. Instit. Helsingfors, April, 1899), 
in which it was stated that he had prepared the electrosynthetic acid, 
and found its properties to be identical with those of the acid described 
by Nérdlinger. We were at a loss to account for this divergence from 
our own results, and awaited the details of Komppa’s research. These 
have now been published (Ber., 1901, 34, 895), and as we have, mean- 
time, prepared n-decanedicarboxylic acid from w-bromundecylic acid, 
we are at present in a position to make a direct comparison of this 
with our electrosynthetic acid, and also to compare both of these with 
the acids of Nérdlinger and Komppa. 

As Komppa performed the electrolysis of ethyl potassium pimelate 
with a comparatively small quantity (6-5 grams) of material, and 
investigated none of the intermediate and subsidiary products, we 
here give a brief account of the preparation and electrolysis of ethyl 
potassium pimelate, as carried out by ourselves. 


Preparation of n-Pimelie Acid from Salicylic Acid. 


When salicylic acid is reduced by sodium in amyl alcohol, a con 
siderable proportion of it is converted into n-pimelic acid according to 


the empirical equation, 
C,H,O, + H,O + 4H = C,H,,0, 


(Einhorn and Lumsden, Annalen, 1895, 286, 257). This reaction 
forms a convenient method of preparing n-pimelic acid when carried 
out according to the following directions. 

Salicylic acid is boiled for 2 hours with five times its weight of dried 
fusel oil and half its weight of sulphuric acid. By this means, it is 
mostly converted into esters, which are more readily reducible than 
the acid itself. After cooling, the sulphuric acid is washed out from 
the oil with water, and finally with dilute sodium carbonate solution 
(which also removes a little untransformed salicylic acid), and the 
residual liquid is then dried over anhydrous sodium sulphate. The 
solution is diluted with fusel oil until it occupies 100 c.c. for each 
7 grams of salicylic acid originally taken. 

The reduction is then effected as follows. A litre flask of Jens 
glass is fitted with a V-shaped adapter of half-inch bore, the sloping 
limb of which is attached to a reflux condenser. A dropping-funné 
is fitted by means of a cork into the upright limb, and can be removed 
as required for the introduction of pieces of sodium. Ten grams of sodium 
in large pieces and 50 c.c. of fusel oil are heated in the flask ona 
asbéstos air-bath to the boiling point of the alcohol, and the solution 
of salicylic esters is then dropped in slowly from the tap funnel until 
150 cc. have been added. When the first charge of sodium is reduo#l 
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toa small bulk, a second charge of 10 grams is added, and the heating 
continued until all the sodium disappears. The operation lasts about 
3 hours, and during this time the flask must be occasionally shaken, 
to prevent the sodium compounds which separate out from hardening 
on the walls of the flask. 

When the sodium has disappeared, the contents of the flask are 
cooled to a little below 100°, and an equal bulk of water is added to 
decompose the sodium amyloxide and dissolve out the sodium salts 
produced by the reduction. The aqueous layer is separated from the 
oil, which is subsequently washed out twice with its own bulk of 
water, the aqueous extracts being added to the original aqueous 
solution. The aqueous liquid is then boiled to reduce its bulk and to 
remove the fusel oil which it retains in solution. After cooling, the 
liquid is strongly acidified with hydrochloric acid. An oily acid 
separates at once, and some salicylic acid crystallises out on standing. 
These are removed by filtration and rejected. The filtrate is then 
boiled down until sodium chloride begins to separate, when it is 
cooled and thrice extracted with ether. The ether is distilled off 
from the extract, and the residue dissolved in a little boiling 
water, any oil which remains undissolved being filtered off, On 
cooling, a little salicylic acid usually separates, This is removed 
by filtration, and the filtrate concentrated by evaporation until 
pimelic acid begins to crystallise out. The average yield of 
pimelic acid is 4°5——-5 grams from 10°5 grams of salicylic acid. 

It is inadvisable to work with pure amyl alcohol, or with larger 
quantities than those given. As three or four reductions, however, 
tan be carried on simultaneously, and the products worked up 
together, the preparation of a quantity of pimelic acid is not so 
tedious as might appear from the above description. 


Preparation and Electrolysis of Ethyl Potassium Pimelate, 


Pimelic acid (100 grams) was converted into the diethyl ester 
(103 grams obtained) by means of ethyl alcohol and hydrochloric 
wid. The diethyl ester thus prepared was dissolved in twenty- 
five times its weight of ethyl alcohol, and half saponified at the 
odinary temperature by treatment with the calculated quantity of 
potassium hydroxide in four successive portions (compare Walker, 
Trans,, 1892, 51, 710). Ten grams of the ester were recovered un- 
changed, 80 that 10 grams had been converted into the i brine? 
ult, and 80 grams into the ethyl potassium salt. 

Ethyl Hydrogen Pimelate, CO,H-[CH,],°CO,Et.—A small quantity 

the aqueous solution of the ated veteniibiien salts was acidified with 
hydrochloric acid, and the liberated acids extracted with ether. The 
Mids were then converted into the corresponding calcium salts by 


1200 WALKER AND LUMSDEN: N-DECANEDICARBOXYLIC ACID, 


warming with water and precipitated calcium carbonate until the 
aqueous solution became neutral, Ethyl calcium pimelate is freely 
soluble in water (less so at the boiling point than at the ordinary 


temperature), whereas calcium pimelate is sparingly soluble. The 7 
calcium salts were thus to a large extent separated from each other. @ but 
Ethyl hydrogen pimelate, separated from the solution of ethyl calcium @ car' 
pimelate by acidification, is a colourless oil which does not solidify at H 
0°. In this respect it resembles ethyl hydrogen adipate, and differs from §§ obti 
ethyl hydrogen suberate and ethyl hydrogen sebate, which are solids @ by’ 
melting at 18° and 38° respectively (Walker, Joc. cit., p. 713). Itis & liqu 
easily miscible with the ordinary organic solvents, but only sparingly § boil 
soluble in water. seal 
0-1 gram required 10°9 c.c. V/20 HCl for neutralisation ; replaceable § mel! 
H=0°54 per cent.; calculated for CO,Et-[CH,],*CO,H replaceable 0. 
H=0°'53 per cent. The substance was therefore nearly free from 
pimelic acid. 
A solution which contained 75 grams of ethyl potassium pimelate, 
together with dipotassium pimelate as impurity, was dissolved in 100 
c.c. of water, and electrolysed with a stout platinum wire as anode, TY 
the current averaging 10 amperes and the temperature being kept 
below 30°. In this way, 26 grams of an oil were obtained which con- 
sisted mainly of the ethyl esters of two acids formed at the anode in J Prep 
the normal manner as follows : Ni 
200, Et-[CH,],-CO, = CO,Et-[CH,],)°CO,Et + 2C0,. conve 
Ethyl n-decanedicarboxylate. cyan 
2C0,Et-[CH,],-CO, = + ip 
CO,Et-[CH,]},°CH:CH, + CO,Et-[CH,],-CO,H + 00, ties 
Ethy] n-pentenecarboxylate. paper 
The esters were dissolved out in ether, washed, dried with calcium § 4 i; 
chloride, and after evaporation of the ether distilled under reduced eyana 
pressure. As usual, the esters separated roughly on fractionation § {, },, 
into a low boiling and a high boiling portion, which were saponified 53 
separately with alcoholic potash. On acidification, the portion of lower § y.), 
boiling point yielded an oily acid containing a little solid, and that of added. 
higher boiling point a solid acid contaminated with a little oil. heatec 
n-Pentenecarboxylic Acid, CH,:CH-[CH,],*CO,H.—The liquid acid, § amo, 
which was only obtained in small quantity, was found to be easily & remoy 
volatile with steam, and was therefore separated from. the solid acid § 4, 4; 
by steam distillation. The oil thus obtained boiled between 215° and & 4+... 
220°, and did not solidify in a good freezing mixture. It mixed §  ),,. 
readily with the ordinary organic solvents, but was comparatively erystal 
slightly soluble in water. It absorbed bromine in chloroform solution, filtere 
and its sodium salt at once decolorised potassium permanganate ™ & fo), ;, 
aqueous solution at the ordinary temperature. on sul 
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0'1264 gave 0°2942 CO, and 01016 H,O. C=635; H=8°9. 
C,H,,0, requires C=63°2 ; H=8'8 per cent. 


The small quantity at our disposal precluded further purification, 
but the above data are sufficient to show that the acid is n-pentene- 
carboxylic acid, a normal product of the electrolysis. 

n-Decanedicarboxylic Acid, CO,H*[CH,],)°CO,H.—The solid acid 
obtained from the fraction of higher boiling point, which constituted 
by far the larger proportion of the mixed esters, was freed from the 
liquid acid by steam distillation.. It was finally dissolved in much 
boiling water, from which it separated on cooling in the form of pearly 
scales melting at 126°5—127°. Komppa gives 125°5—127° as the 
melting point of his electrosynthetic acid. 

0'1551 gave 0°3555 CO, and 0°1320 H,O. C=62'52; H=9-46. 

C,.H 2.0, requires C = 62°61 ; H=9°56 per cent. 

0:1428 barium salt gave 0°0902 BaSO,. Ba=37°2. 

C,.H,,0,Ba requires Ba = 37°5 per cent. 


The acid is thus the normal product of the electrosynthesis. 


Preparation of n-Decanedicarboxylic Acid from w-Bromundecylic Acid. 


Nordlinger states that Brunner’s bromundecylic acid cannot be 
converted by the action of potassium cyanide into the corresponding 
cyanundecylic acid. He consequently employed for this transforma- 
tion the methyl and ethyl esters obtained by the addition of hydrogen 
bromide to the corresponding esters of undecylenic acid (see preceding 
paper). In view, however, of the comparative stability of the w-bromo- 
acid, we considered it probable that replacement of bromine by 
cyanogen could be effected in a neutral salt of the acid ; this we found 
to be the case. 

53 grams of w-bromundecylic acid were dissolved in 20 cc. of 
hormal caustic soda solution, 1°6 grams of potassium cyanide were 
added, and the liquid was then made up to 100 c.c. The solution was 
heated on the water-bath for 12 hours, during which time a considerable 
amount of a brownish, flocculent precipitate was deposited. This was 
removed by filtration, and the filtrate saturated with hydrogen chloride. 
An oily cyano-acid separated, which partially solidified on cooling. 
After heating the mixture on the water-bath in a reflux apparatus for 
3 hours, the oil was completely transformed into a cake of small 
crystals. The mixture on cooling deposited more crystals, which were 
filtered off together with the original cake, washed, and recrystallised 
from boiling water. The substance obtained melted at 123—124°, but 
on subsequent recrystallisation, the melting point rose to 126°5°. 
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1°65 grams of the pure 


Nordlinger gives 124:5—125:5° for his acid. 
substance were thus obtained. 


0°0900 gave 0°2060 CO, and 0°0776 H,O. C=62:42; H=9-58, 
C,,H,,0, requires C = 62°61 ; H=9°56 per cent. 

0°1458 required 25:1 ¢.c. V/20 NaOH for neutralisation. Replace- 

able H=0°861. Calculated for C,)H,)(CO,H), replaceable H = 0-869, 


On direct comparison, the acid was found to be identical in every 
respect with the electrosynthetic acid. This fact is conclusive evidence 


of the normal structure of undecylenic acid, and affords additional qu 
confirmation of the formule ascribed to the various substances men- 80] 
tioned in the preceding paper. its 

Nérdlinger obtained a very impure product from the esters which the 
he employed, and consequently a very small yield of the purified ae 
decanedicarboxylic acid. On the other hand, the yield from the sodium 1 
salt of w-bromundecylic acid is equal to 40 per cent. of the theoretical, equ 
and the substance is at once obtained in a state approximating to 
purity. 

Solubility of n-Decanedicarboxylie Acid.—The chief point in which 
Noérdlinger and Komppa have obtained results in absolute discordance * 
from ours is the solubility of the acids in water. This point is of § 
importance, as it affords the only available numerical means (besides 8 
the melting point) for a comparison of their acid with ours. The solu- Hy 
bility of our electrosynthetic acid is exactly that of the acid we pre- s° 
pared from w-bromundecylic acid, and yet it is entirely divergent from 8 
the solubility of the acids obtained in similar ways by Nordlinger and § 
Kompra, as the following numbers show : iS . 

Nordlinger. Komppa. W. andl. 7 
100 parts of water dissolve at 23°...... 0°005 0:0059 — 0003 } 
- - - | eee 0-113 0°105 0-368 

It thus appears that our acid is less soluble at 23°, and more soluble Iti 
at 100°, than Nérdlinger’s and Komppa’s acids. The difference in lini 
solubility at the lower temperature need not, however, be insisted on, ti ome] 
as the magnitude measured is very small. On the other hand, the hen 
difference at 100° is far too great to be explained by any ordinary .. 
experimental error. Thus Komppa states that 100 c.c. of the solution ; “ 
saturated at 100° required 9°2 ¢.c. of decinormal soda solution for cs ubili 
neutralisation, whilst a similar quantity of the saturated solution d Precedi 
our acid would require more than 30 c.c. 

As we found the solubility of the acid near the boiling poll Adipic .. 
varied very rapidly with the temperature, we determined the silt oe 
bility at different intermediate temperatures, with the followiaj _ 


results : 
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Parts dissolved by 100 
Temperature. parts of water. 
0-003 
0:005 
0°027 
0°120 
0°306 
0:368 


In each case, the solubility was determined by titrating a weighed 
quantity of the saturated solution by means of a twentieth-normal 
solution of caustic soda which had been standardised against the acid 
itself, phenolphthalein being used as indicator. At 54° and above, 
the filtration was conducted by means of a small suction filter im- 
mersed in the liquid itself, 

The accompanying curve shows that our acid has a solubility at 82° 
equal to that given by Komppa and Nérdlinger for 100°. 


Solubility curve of normal decanedicarboxylic acid. 


ot 


ia) 


= 


& 
3 
8 
8 
2 
3 
& 
So 
o 
j-) 
Lan 
8 
~ 
3 
S 
& 


bet d 


ae ae 
49 So 60 
Temperature. 


It is well known that the solubility of the members of the series of 
normal saturated dibasic acids with an even number of carbon atoms 
is smaller than the solubility of the members with an odd number of 
carbon atoms. This regularity persists with the higher members of 
the series, as we see from the following table, which incorporates the 
solubility results for the ordinary temperature given in this and the 
preceding paper. 

Solubility (parts 
Acid (even). in 100 of water). Acid (odd). 
ve 1 #5 CyHyO, —Pimelie 
0 ‘01 0 q 2 CyH,,9, Azelaic 
0-008 0°014 C,,Hy»O, Nonanedicarboxylic 
0°004 C,3H,,0,  Brassylic 
4 n$2 
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Salis of n-Decanedicarboxylic Acid.—The description given by 
Noérdlinger of the salts of his acid differs in many points 


of detail from what we found with the acid we had prepared, mi 
although there is a general resemblance in behaviour. For our of 
experiments, we used a solution containing 0°64 gram of sodium ac 
salt in 100 cc. With calcium nitrate, this gave a flocculent pre. fir 
cipitate which settled readily ; no further precipitate appeared when di 
the clear liquid was boiled. Nérdlinger states that both the calcium ce 
and barium salts are less soluble in boiling than in cold water. This So 
is certainly the case to a slight extent with the barium salt, but we pre 
were unable to detect, in the case of the calcium salt, any appreciable but 
difference in solubility at the ordinary temperature and at the boiling anc 
point. Strontium nitrate gave no precipitate at the ordinary giv 
temperature with the above solution, but gave a very slight precipitate var 
on boiling. Magnesium nitrate gave no precipitate at any temperature ; tha’ 
but a solution containing four times as much sodium salt gave a pre- but 
cipitate with this reagent on standing. Mercuric chloride gave a witl 
bulky, finely divided, precipitate, which did not coagulate readily on 0 
heating.  Nérdlinger states that his acid gave no precipitate with etho 
mercuric chloride, but only a slight opalescence. benz 
Notwithstanding these differences, we are inclined to think that may 
both Nérdlinger and Komppa had mn-decanedicarboxylic acid in their 
hands, Nérdlinger’s acid having been derived from a quantity of B 
w-bromundecylic ester, which must have been contained in the ester a 
he prepared from undecylenic ester. 
The expenses of this and of the preceding research were partially work 
defrayed by a grant from the Research Fund of the Society. diphe 
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CXXVIII.—The Action of Sodium Methoxide and us * 
Homologues on Benzophenone Chloride and Benaal ~ by 
Chloride. 20H" 

By Jonn Epwin Mackenzigz, D.Sc., Ph.D. t Thi 

In a previous communication to the Society (Trans., 1896, 69, 985), i 

cor in 


description was given of the preparation of dimethoxydiphenylmetham 
by the action of sodium methoxide on benzophenone chloride according 
to the equation (C,H,),CCl, + 20H,*ONa =(O,H,),C(O*CH,), + 2NaGh Bam that 
and of di-ethoxy- and dibenzoxy-diphenylmethane, using sodium eth i 
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and benzoxide respectively instead of methoxide. In continuing this 
investigation, dipropyloxy-, ditsobutyloxy-, and dihydroxy-tetraphenyl- 
methane have been prepared, and for the sake of comparison a number 
of experiments with benzal chloride have been carried out. The 
action of sodium methoxide and its homologues on benzal chloride was 
first investigated by Wicke (Annalen, 1857, 102, 356), who prepared 
dimethoxy-, diethoxy-, and diamyloxy-benzylidenes, the reaction pro- 
ceeding thus: O,H,*CHCl, + 2CH,*-ONa=C,H,-CH(O-CH,), + 2NaCl. 
Some years later, Limpricht, in a research on the chlorine substitution 
products of toluene (Annalen, 1886, 139, 319), repeated Wicke’s work, 
but was unable to obtain products free from chlorine. This being so, 
and no record of the yield of the products obtained by Wicke being 
given, it was thought advisable to try these experiments again under 
various conditions. Following Wicke’s instructions, it was found 
that the reaction took place under the ordinary pressure as represented, 
but that the benzal chloride only disappeared on repeated treatment 
with sodium methoxide.* 

On the other hand, when benzal chloride was heated with sodium 
ethoxide under pressure, a different reaction took place, ethyl chloride, 
benzaldehyde, and sodium chloride being the products. The change 
may be represented thus : 


0,H,-CHCl, + C,H,-ONa = C,H,Cl + 0,H,-CHO + NaCl. 


By using the sodium compounds of different alcohols, the corresponding 
chlorides were produced, 

That this reaction does not apply to phenols would appear from the 
work of Fosse (Compt. rend., 1900, 130, 725 and 1194), who obtained 
diphenoxyethylidene by heating ethylidene chloride and sodium 
phenate in sealed tubes at 120°, according to the equation,T 


CH,CHCI, + 2C,H,-ONa = CH,-CH(0-C,H,), + 2NaCl. 


As in benzophenone chloride and benzal chloride both halogen 
atoms are attached to the same carbon atom, it was thought that it 
would be interesting to see what happened when the halogen atoms 


* In the case of sodium benzoxide, the only product separated was stilbene, and 
that only in minute quantity. The reaction would thus appear to be expressed in 
part by the equation : 
2C,Hs°CHCl, + 4C,H,°CH,"ONa = 4NaCl + C,H,*CH:CH’C,H, 

+ 20,H,°CH,OH + C,H,°CHO. 

+ That this should be so is rather curious in view of the fact that when benzal 
chloride and phenol are heated together, they form dihydroxytriphenylmethane 
according to the equation : 


C,H;°CHCl, + 2C,H,*OH = C,H,°CH(C,H,"OH), + 2HCl, 


and that benzophenone chloride gives a similar compound with either phenol or 
sodium phenoxide. 
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are attached to different carbon atoms. In the case of ethylene di- 
bromide, the reaction would be expected to take place thus: 


CH,Br:CH,Br + 2C,H,-ONa = CH,(0-C,H,)-CH,(0'C,H,) + 2NaBr, ; 
but no record of experiment showing this to be so is known to the 
author. Diethoxyethylidene has, however, been prepared by Henry p 
(Compt. rend., 1885, 100, 1007) from an intermediate product in this 

way: 

CH,1I-CH,(0-C,H,) +C,H,*ONa = CH,(0°C,H,)*CH,(O°C,H,) + Nal. 

On heating ethylene dibromide with sodium ethoxide under pres- de: 
sure, however, it was found that acetylene was produced, reaction of 
taking place thus : the 

CH,Br-CH,Br + 20,H,-ONa = CH:CH+20,H,-OH + 2NaBr, en 

The production of acetylene in a similar fashion, using sodium lig 
isoamyloxide instead of ethoxide, is recorded by Sawitch (Jahresber., exer 
1861, 646). 165 

199' 
I. Action of Sodium Alkyloxides on Benzophenone Chloride. mixi 
Dipropyloxydiphenylmethane, (C,H,),C(O*CH,*CH,'CH,),. a 

In preparing this substance, 3-7 grams of sodium were dissolved in dried 
40 grams of propy! alcohol, and to the cold product 19 grams of benz- disso, 
phenone chloride were added. The mixture was gradually heated toa being 
temperature of 95°, when a violent action took place, and then kept weigl 
at 120° for 7 hours, at the end of which time the supernatant liquid J the 1 
still gave an alkaline reaction. The liquid was filtered from the salt decom 
which had separated, the latter being washed three times with small forme 
quantities of propyl alcohol. The filtrate was then distilled under figures 
reduced pressure to remove the excess of propyl alcohol. The residue, 0-26 
which was a viscous, brown oil, was diluted by the addition of a little 
ethyl alcohol, filtered from some salt, and distilled, 7-9 grams of 8 
colourless oil boiling at 200—210° under 40 mm. pressure being cdl 
lected. The yellowish, semi-solid, strongly alkaline substance remain The 
ing in the distilling flask was distilled with steam. From the milky *certai 
distillate, crystals separated which melted at 32—34°, and boiled st @ “tystals 
204° under 40 mm. pressure. They amounted to nearly 1 gram. The o 

By cooling the fraction boiling at 200—210° under 40 mm, pre % mm, 
sure in a freezing mixture, a white, powdery mass was obtained, which ff obtaina) 
on recrystallisation from light petroleum formed colourless, prismatit J ‘ling j 
crystals melting at 33—34'5°. On analysis : from the 

02026 gave 0°5982 CO, and 0:1576 H,O. C=8053; H=864. Ro 


C,,H,,0O, requires C= 80°28 ; H=8-45 per cent. 
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Dipropyloxydiphenylmethane is insoluble in water, but extremely 
easily soluble in methyl or ethyl alcohol, ether, benzene, light 
petroleum, &c. It is rather unstable, the faces of crystals very soon 
becoming dull. Well formed crystals are very difficult to obtain. 

The amount of the fraction boiling at 200—210° under 40 mm. 
pressure corresponds to 35 per cent. of the theoretical yield. 


Diisobutyloxydiphenylmethane, (C,H,),C[O-CH,*CH(CH,),],. 


The preparation of this substance was effected in the way previously 
described, the quantities taken being 3:7 grams of sodium, 41 grams 
of isobutyl alcohol, and 19 grams of benzophenone chloride. When 
the sodium compound melted, a brisk action took place, but was not 
complete after heating to 130--150° for 7 hours, the liquid still show- 
ing an alkaline reaction. The salt was removed by filtration, and the 
liquid then distilled under diminished pressure. After removal of the 
excess of isobutyl alcohol, the temperature rose rapidly to 199°, and 
165 grams of a thick oil were collected, having a boiling point between 
199° and 210° under 35 mm. pressure. When placed in a freezing 
mixture, this oil became a thick jelly in which minute needles appeared 
on scratching. After standing at the ordinary temperature for 18 
days, the small bunches of needles, which had grown, were filtered off, 
dried on a porous plate, and, as they showed no sharp melting point, 
dissolved in ether, The ethereal solution deposited silky needles after 
being kept in a desiccator for a week. The dried crystals, which 
weighed 0°8 gram, now melted at 62—64°, but on exposure to the air 
the melting point fell, and, as will be shown later, the substance 
decomposed with the formation of benzophenone. A combustion per- 
formed a week after the separation of the crystals gave the following 
figures : 


0'2682 gave 0°8313 CO, and 0'1657 H,O. C=845; H=6°86. 
C,,H,,0, requires C= 80°76 ; H=8-97 per cent. 
C,,H,,0 99 C=85°71; H=5-49 - 


The quantity being so small, no experiments could be carried out to 
ascertain the reason for the difference in melting point between these 
crystals and those described below. 

The oil from these crystals was again distilled under a pressure of 
85 mm., when eleven grams, or 44 per cent. of the theoretical quantity 
obtainable, came over between 203° and 215°, mostly at 210°. By 
cooling in a freezing mixture, small, diamond shaped plates crystallised 
from the oil, which gradually became solid throughout. After drying 
a porous plate, the solid melted at 36—38°, but the melting point 
was lowered by exposure to the air. From an ethereal solution, 
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crystals melting at 35—37°, and from light petroleum, crystals melting lie 
at 35—36°, were obtained. ph 
On analysis of the crystals melting at 36—38°, the following 
numbers were obtained : 
0:2041 gave 0°6017 CO, and 0°1644 H,O. C=8040; H=8-95. 
0:2076 ,, 06131 CO, , 0°1669H,O. C=80°54; H=8-92. 
C.,H,,0, requires C= 80°76 ; H=8°97 per cent. 
The following experiment is a further proof that the substance has 
the formula attributed to it. 0°2660 gram of the crystals in a I 
platinum boat was placed in a desiccator over sulphuric acid and sodi 
weighed every second day. ‘The crystals soon deliquesced, then com 
bécame entirely liquid, meanwhile steadily losing weight for nearly In t 
three weeks. At the end of the fourth week, the weight had become sodit 
constant, and on introducing a particle of benzophenone, the reddisb- tinue 
brown oil crystallised. The loss in weight amounted to 0°1080 gram, sodiu 
or 40°6 per cent. The loss in weight caused by splitting off ditso- 23°7 
butylic ether from diisobutyloxydiphenylmethane is 41°6 per cent. An duct. 
analysis of the residual product proved it to be impure benzophenone, ~ Ww 
0°1562 gave 0:4858 CO, and 00794 H,O. C=84:82; H=5:65. bmg 
C,,H,,0 requires C= 85°71 ; H=5°49 per cent. shake 
In this respect, therefore, the diisobutyloxy-derivative agrees with action 
the dimethoxy- and diethoxy-compounds. additic 
Diisobutyloxydiphenylmethane is exceedingly soluble in the ordinary J distilli 
organic solvents. Although it crystallises more readily than the @ which 
propyloxy-compound, it is difficult to work with in summer weather J the int 
on account of its low melting point and ready dissociation. tocrys 
found ¢ 
Attempt to prepare Diamyloxydiphenylmethane. Im 
The quantities used in this experiment were 2°8 grams of sodium, & ¢,, dis 
50 grams of amyl alcohol (b. p. 129°5—130-5°), and 13-6 grams of condens 
benzophenone chloride. The mixture was heated—after a violent reduced 
action had taken place—in an oil-bath to 135—145° for 5 hours & aajiti, 
Dry ether was then added to the still alkaline product, and the solution & 4/,,. .. 
filtered from the salt. On fractional distillation under 40 mm § ang »),), 
pressure, 3 grams of oil bviling between 200° and 220°, 10:2 grams Analy 
between 220° and 235°, and 4°3 grams between 235° and 260° were Hi) nu)... 
obtained. The two latter portions formed a jelly when placed in® Bneths,. 
freezing mixture, but no crystals separated. On exposure to winter 0: 
cold during the Christmas vacation, small groups of stellate needles ap 


were obtained, which after drying between filter paper melted # 
66—67°. Only a very small quantity was obtained, and further 
efforts to get more were fruitless. An analysis gave figures which 
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lie between those required for the amyloxy-compound and benzo- 
phenone. 


01268 gave 0°3887 CO, and 0°0745 H,O. C=83°60; H=6°53. 
C,,H,,0, requires C= 81°65 ; H = 8°87 per cent. 
C,,H,,O »  OC=85°'71; H=5°49 - 


4: 4'.Dihydroxytetraphenylmethane, (C,H,),C(C,H,°OH),. 


It is curious that this compound is the product of the action of 
sodium phenoxide on benzophenone chloride, and that no diphenoxy- 
compound could be isolated. Two methods of preparation are described. 
In the first, sodium phenoxide was prepared by adding 4°6 grams of 
sodium to a solution of 18°9 grams of phenol in dry ether, long con- 
tinued heating and frequent shaking being necessary to convert the 
sodium into sodium phenoxide (which is almost insoluble in ether) ; 
237 grams of benzophenone chloride were then mixed with the pro- 
duct. On heating, no action took place until the ether was distilled 
off, when violent ebullition set in, vapours of phenol being evolved. 
The residue was heated for 14 hours in an oil-bath at 115°, and when 
cold extracted with ether. The ethereal extract was repeatedly 
shaken with water until the washings no longer had an alkaline re- 
action. From the first washings, phenol separated as an oil on the 
addition of hydrochloric acid. After drying the ethereal extract and 
distilling off the ether, there remained an uninviting, thick, brown oil, 
which would neither solidify on cooling in a freezing mixture nor on 
the introduction of particles of benzophenone or phenol. After trying 
tocrystallise it from alcohol, ether, chloroform, and other solvents, it was 
found that by the addition of light petroleum to the ethereal solution, 
small crystals separated, and after several days a product very like treacle 
filled the bottom of the beaker. This was spread on a porous plate and 
then dissolved in a large volume of chloroform and boiled under a reflux 
condenser with animal charcoal to decolorise it. Repeated boilings 
reduced the colour of the solution to a light yellow, and on the 
addition of light petroleum, light yellow, sandy crystals separated. 
After several recrystallisations, the substance softened at about 260° 
and melted at 285—287°. 

Analysis showed that the substance had the peculiar composition of 


2 molecules of ether combined with 1 of dihydroxytetraphenyl- 
methane,* 


01330 gave 0:3862 CO, and 00943 H,O. C=79:19; H=7°89. 
C,;H,,0,,2C,H,,O requires C = 79°20 ; H =8-00 per cent. 


: Baeyer has obtained dichloral peroxide hydrate with one molecule of ether of 
allisation, CsH,C1,0,,C,H, 0 (Ber., 1900, 34, 2482). 
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The ether of crystallisation was expelled by heating in a steam 
oven. A portion of the substance, which had already lost in weight 


by standing in an exhausted desiccator for several days, lost more than : 
20 per cent. by heating, the theoretical loss being 29°6 per cent. The 
results of the analysis of a portion of the substance so obtained were: i 
0°1418 gave 0°4412 CO, and 0:0800 H,O. C=84:85; H =6:26, be 
C,,H,,0, requires C= 85°22 ; H=5°68 per cent. br 
The following method of preparation was found to give much better 
results: 6°1 grams of sodium dissolved in 130 grams of phenol and dc 
31°6 grams of benzophenone chloride were heated in a water-bath 
until hydrogen chloride ceased to come off, which was at the end of 
22 hours. The excess of phenol was then distilled off under 40 mm. f 
pressure at 130—140°, and the residue, mixed with water, repeatedly tha 
extracted with ether. The ethereal solution was washed with caustic 34 
soda solution and then with water, dried, and boiled for 6 hours with ib 
animal charcoal. After filtration and concentration, the solution on mer 
cooling became almost solid. The greenish-brown, crude substance s0 the 
obtained weighed 61 grams, or 91 per cent. of the theoretical quantity. F 
After further boiling with animal charcoal and recrystallisation, the cont 
crystals melted at 284—285°, mixt 
Qualitative experiments show that benzophenone chloride and phenol rem¢ 
react directly with production of the above product, but no quantita Myst 
tive experiment has yet been performed. meee 
Dihydroxytetraphenylmethane is a colourless, crystalline substance Mj “'Yst 
which dissolves very easily in ether, easily in alcohol, and moderately phen 
in chloroform, but only sparingly in light petroleum. If is soluble in Ai 
caustic soda without coloration, and is reprecipitated by the addition of of 1° 
an acid. It does not give the bromine colour reaction mentioned by heate 
Russanoff for the corresponding dihydroxytriphenylmethane. result 
By heating the substance with its own weight of fused sodium 
acetate and four times as much acetic anhydride, an acetyl derivative 
was obtained, which, after recrystallisation from acetone, melted at | 
170—171°. Analysis showed it to be the diacetyl compound. gm 
0-2194 gave 06386 CO, and 0'1202 H,O, C=79'38; H=608 fi ii,» 
C.9H,,0, requires C= 79°8] ; H=5:50 per cent. dinitro 
, Two 
Action of Ethyl Alcohol on Benzophenone. ae 
From the easy dissociation of the above compounds, it was thought on "y 
possible that they might be formed directly from benzophenone and formed 
the corresponding alcohol, but this proved not to be the case, as the easily j 
following experiments showed. simulta, 


Five grams of benzophenone were heated with 20 grams of ethyl 
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alcohol in a water-bath for 3 hours and allowed to stand overnight. 
Nocrystals having appeared, most of the alcohol was distilled off. 
The residual oil did not crystallise on standing, but on the addition of 
a particle of benzophenone, a rapid growth of crystals took place. 
After drying they melted at 48—49°, and were evidently unchanged 
benzophenone. A further crop of crystals from the mother liquor 
brought the amount recovered up to 4°8 grams. 


Action of 1 per cent. Solution of Hydrogen Chloride in Methyl Alcohol 
on Benzophenone. 


As E. Fischer (Ber., 1897, 30, 3053 ; 1898, 31, 545, 1989) mentions 
that the use of 1 per cent. alcoholic solutions of hydrogen chloride is 
particularly adapted to the production of aldals, and only infers that 
it is not applicable for the production of ketals, the following experi- 
ments were performed, These show that the process is inapplicable in 
the case of benzophenone. 

Five grams of benzophenone were dissolved in 100 c.c. of 1 per 
cent. solution of hydrogen chloride in methyl alcohol, and the 
mixture allowed to stand for 5 days. Most of the alcohol was then 
removed by distillation, and the residue crystallised on cooling. The 
crystals were separated from the mother liquor, which afforded a 
second crop on standing, the amount recovered being 4°9 grams. The 
crystals melted at 48—49° (benzophenone m. p. 48°), hence the benzo- 
phenone was unacted on. 

A similar experiment in which 5 grams of benzophenone and 40 c.c, 
of 15 per cent. solution of hydrogen chloride in methyl alcohol were 
heated in a sealed tube at a temperature of 75—90° for 12 hours also 
resulted in the recovery of the whole of the benzophenone unchanged. 


Dimethoxydiphenylmethane. 


Action of Nitric Acid on Dimethoxydiphenylmethane.—The following 
experiment was performed in the hope of obtaining the nitro-deriva- 
tive of dimethoxydiphenylmethane, but dissociation took place, and 
dinitrobenzophenone resulted. 

Two grams of the powdered crystals were slowly added to 25 c.c. of 
fuming nitric acid cooled by ice, the crystals dissolving apparently 
Without change. After standing for a day, the solution was poured 
on to crushed ice, by which means a white, curdy precipitate was 
formed. The weight of dried precipitate was 2°1 grams. It dissolved 
‘sily in hot ethyl alcohol, and from the solution there separated 
Simultaneously pale yellow leaflets and needle-like crystals, neither of 
Which showed a constant melting point. As this might be due to a 
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mixture of isomerides, analyses of different portions of the substance, 
which had been kept in desiccators until of constant weight, were 
made. 


0:3082 gave.27'9 c.c. moist nitrogen at 13° and 757mm. N=10°66. 
0°2287 ,, 20°4 ce. - 13° ,, 759mm. N=10°52 
C,,H,O,N, requires N = 10°30 per cent. 


As dinitrobenzophenone exists in several modifications, further 
efforts were made to separate the possible isomeric forms. From a 
fairly concentrated nitric acid solution, glistening crystals resembling 
sand were deposited. They melted at 189—190°, and crystallised 
from hot glacial acetic acid in fan-shaped groups of needles, thus 
agreeing with the properties of 4 : 4’-dinitrobenzophenone (Stidel, Ber,, 
1894, 27, 2110). 

On heating the mother liquor from the above experiment and diluting 
it with hot water, a second crop of crystals consisting of rosettes and 
needles was obtained. Recrystallised from glacial acetic acid, they 
softened at 137° and melted at 149°, thus conforming with the de- 
scription of the properties of 3 : 3’-dinitrobenzophenone. 

Neither of these substances is appreciably volatile with steam, and 
both are very sparingly soluble in ether. 

Diphenylmethyleneanilide, (C,H;),C°N-C,H,.—This substance was 
formed when dimethoxydiphenylmethane was heated with three times 
its weight of aniline. At about 60°, the solid had all dissolved, and 
at 175° crystals began to separate and a slight ebullition occurred, 
After being kept at 180° for 5 minutes, the product was allowed 
to cool, filtered with the aid of a pump, and the residue washed with 
dry ether. From a hot methyl alcoholic solution of the residue, 
glistening, yellow plates separated, showing a melting pvint of 
113—113°5°; Rohde gives 112—113° (Ber., 1892, 25, 2056). 


Il. Action of Sodium Alkylouides on Benzal Chloride under 
the ordinary Pressure. 


Action of Sodiwm Methowide.* 


According to Wicke’s instructions (Annalen, 1857, 102, 356), 28 
grams of sodium were dissolved in 250 c.c. of methyl alcohol, 80° 
grams of benzal chloride added to the solution, and the mixture heated 
in a water-bath for 15 hours. As it was thought possible that methyl 
chloride might be formed, this being the case when the action takes 
place under pressure, an apparatus for collecting gas was attached to 


* As the products obtained in these experiments were not all of the same char- 
acter, they will be described under the heading of the sodium derivative of the 
alcohol which acted on benzal chloride. 


In th 
of ethy] 
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the end of the reflux condenser, but no gas was found to be evolved. 
After removing the alcohol by distillation, the residue, which was 
alkaline, was mixed with water, and the oil which separated extracted 
by ether. The ethereal extract was dried over calcium chloride, the 
ether removed, and the residue subjected to fractional distillation j 
under diminished pressure. In this way, a colourless oil which dis- § 
tilled between 190° and 210° under the ordinary pressure was obtained. . 

On testing the various fractions between 190° and 210° for chlorine, 
it was found to be present in all. Only after heating this oil with 
fresh quantities of sodium methoxide in alcoholic solution several 
times, could it be obtained free from chlorine. 

In another experiment, potassium was substituted for sodium, and 
zine dust and alcoholic potash were used to remove the last traces of 
chlorine, as described under sodium ethoxide. In this way, 12 grams 
of an oil boiling between 180° and 210° were obtained free from 
chlorine, Supposing it to be pure dimethoxybenzylidene, this would 
bea yield of 15 per cent. of the theoretical. 

Analysis of the portion boiling at 194—196° gave the following 4 
figures : I 

01671 gave 04345 CO, and 01160 H,O. C=70:91; H=7-71. | 

C,H,,0, requires C= 71:06 ; H=7°89 per cent. 


as 
es Dimethoxybenzylidene is a colourless, limpid oil, with an odour of 
nd f geranium. It boils at 194—196°, Fischer (Ber., 1898, 31, 549) giving 


198°, and Wicke 208°, as its boiling point. The last is probably in- 
correct,as Wicke gives no analysis, and his product probably contained 
wchanged benzal chloride. 


= Action of Sodium Ethowide. 
In this experiment, 23 grams of sodium were dissolved in 230 grams 
of ethyl alcohol, and to the cold solution 80°5 grams of benzal chloride 
,der vere added. The mixture was heated in a water-bath for 24 hours, no 
Violent action taking place, but salt gradually separating. At the end 
of this time, the liquid was still alkaline. Having distilled off most 
of the alcohol, the residue was mixed with water and extracted three 
), 23 Hi times with ether. The ethereal solution was washed with water until 
805 fit showed a neutral reaction, dried over calcium chloride, filtered, and 
eated Mithe ether evaporated. The residue was then distilled under a pressure 


£45 mm., nearly the whole coming over between 90° and 175°. On 
misting this under the ordinary pressure, 3°6 grams were collected 
blow 206°, 59-3 grams between 206° and 220°, and 6:3 grams between 
2° and 300°. As all these fractions contained chlorine, those boiling 
ip to 220° were added to a solution of 9 grams of sodium in 100 grams 
alcohol, and the mixture heated on the water-bath for 17 hours. A 
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separation of salt again took place, and the liquid darkened in colour, 
The product was treated as before, and 51:1 grams of a colourless 
liquid boiling at 135—140° under 75 mm. pressure were obtained, 
which, under tbe ordinary pressure, distilled between 200° and 220° 
As the various fractions still contained chlorine, they were heated a 
third time with sodium ethoxide (4°5 grams sodium in 45 grams alcchol) 
for 16 hours, and subsequently treated as before. The fractions 
collected were: 6°2 grams at 212—215°; 13°3 grams at 215—217°; 
12°6 grams at 217—219°; 4°2 grams at 219—222°. As they all still 
showed the presence of traces of chlorine, the action of zinc dust and 
alcoholic potash was tried on the two latter fractions. Sixteen grams 
of the oil mixed with 5 grams of potassium hydroxide dissolved in 20 
grams of alcohol, diluted with water to make a solution, and 5 grams 
of zinc dust were allowed to stand at the ordinary temperature for 
five days, and then heated under a reflux condenser for an hour in a 
water-bath. The alcohol having been removed by distillation, the 
residue was mixed with water, extracted with ether, dried, and the 
ether expelled. The resulting product now distilled at 216° to 220°, 
chiefly at 217°, 13 grams being so obtained. 
In order to make certain of the absence of chlorine, a Carius estima- 
tion was carried out. 
05890 gave 0:0004 AgCl and ash. Ash=0°0001. 
It is very curious that Wicke makes no mention of the difficulty of 
removing the chlorine compounds in this reaction. On the other hand, 
Limpricht, who repeated Wicke’s work, but heated the mixture of 
benzal chloride, sodium methoxide, and alcohol at 140°, was unable to 
obtain products free from chlorine, the amount of the latter varying 
between 7°5 and 18:7 per cent. 
The absence of chlorine having been established, the liquid was once 
more fractionally distilled, and 7°5 grams of oil boiling at 216—217 
(uncorr.)* were collected. Wicke, with whom Fischer agrees, met- 
tions 222° as the corrected boiling point of diethoxybenzylidene. A 
combustion t of this portion gave the following figures : 


* The temperatures throughout this investigation are uncorrected. 
+ The combustion of this substance was a matter of some difficulty, because, 00 
heating it apparently splits off ethyl ether, which, if allowed to pass over rapidly, 
causes the percentage of carbon to come out too low. The following analyses of 
portions (I and II boiling at 217—219°, III at 216—220°, and IV at 216—217)) 
which were free, or as nearly as possible free, from chlorine illustrate this fact. 
I. 0°3745 gave 0°9706 CO, and 0°2938 H,O. C=70°68 ; H=8°70. 
Il. 01690 ,, 0°4397CO, ,, 0°1860H,O. C=70°90; H=8'94. 
III. 0°6398 ,, 1°6868 CO, ,, 0°5056H,O. C=71'93; H=8°77. 
IV. 0°5488 ,, 1°424300, ,, 0°4255H,O. C=71°43; H=8°67" 
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C,,H,,0_ requires C=73°33 ; H=8°88 per cent. 
In.the above four analyses, the combustion was carried out at an ordinary rate, 


substance 
Mentioned 


- Sevation 
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0:24 gave 0°645 CO, and 0:2 H,O. C=73:29; H=9°25. 
C,,H,,0, requires C = 73°33 ; H = 8°88 per cent. 


Diethoxybenzylidene is a colourless liquid with a fragrant odour. 
It is not soluble in water, but is miscible with the ordinary organic 
solvents. It is stable in the presence of alkalis, but is readily decom- 
posed by acids. With a saturated solution of sodium bisulphite it soo 
yields the benzaldehyde compound. ; 

Assuming that the fractions 215—222°, weighing 30:1 grams in all, 
consisted of pure diethoxybenzylidene, the yield would be 33 per cent. 
of the theoretical. This is, therefore, not so convenient a method as 
E. Fischer’s for the preparation of this substance. 


Action of Sodium Benzoxide. 


The quantities used in this experiment were 4°6 grams of sodium, 
50 grams of benzyl alcohol, and 16:1 grams of benzal chloride. The 
mixture was heated in an oil-bath at a temperature of 206—210° for 
5 hours, during which a quantity of solid matter separated. When 
cold, a large volume of ether was added and the solution filtered, the 
salt being washed several times with ether. After removal of the 
ether, the yellow oil which remained was distilled under a pressure 
of 55 mm., fractions being collected between 100° and 270°. The 
residue in the distilling flask was a viscous mass. ‘The last fraction of 
distillate, namely, that boiling at 200—270°, smelt of benzaldehyde, 
and contained some chloride. On distillation under the ordinary pres- 
sure, the temperature steadily rose to 300°. A further effort to obtain 
a constant boiling liquid under a reduced pressure of 60—65 mm. was 
also unsuccessful, the distillate heing collected in the following frac- 
tions: up to 115°, 9°3 grams; 115—120°, 12:3 grams; 120—195°, 
119 grams ; 195—260°, 5:3 grams, and 260—300°, 6°8 grams. The 
first two fractions were found to be free from chlorine, and as they 
distilled’ at 195—-202° under 749 mm. pressure, were probably benzyl 
alcohol (b. p. 204°). The other portions all contained chlorine. By 
cooling the last fraction in a freezing mixture, a small quantity of 
crystals separated. These were filtered off, dried on a porous plate, 
and then melted at 112—115°. As the presence of stilbene and 
benzoic acid, which both melt at 120°, was suspected, the following 
tests were performed. The crystals did not dissolve in solutions of 
either sodium hydroxide or carbonate, nor did they react with litmus, 


hour to an hour and three-quarters being taken between the introduction of the 
substance and the removal of the absorption apparatus. In the combustion 
mentioned in the text, the time was extended to two hours and a half. This ob- 
“rvation was also made by Dr. A. J. Walker when burning dimethoxybenzylidene. 
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but they decolorised a solution of bromine in carbon disul phide, thus 
indicating the absence of benzoic acid, and the presence of stilbene, 
They were then purified by recrystallisation from hot ethyl alcohol, 
The glistening leaflets, of which only a minute quantity was obtained, 


melted sharply at 120°, and on analysis gave the following figures; J 
00316 gave 0°1078 CO, and 0:°0246 H,O. C=93:02; H=8°65, affo 
C,,H,, requires C= 93°33 ; H =6°67 per cent. less 
With the idea of removing any benzoic acid, and possibly chlorine i 
compounds, from the fractions 195—260° and 260—300°, an ethereal 
solution of them was shaken with aqueous solutions of sodium car- 
bonate and hydroxide, dried, and, after the removal of the ether, III. 
distilled under 85 mm. pressure. In this way, 5°5 grams were ob- 
tained, distilling between 200° and 240°. On mixing with light 
petroleum and cooling in a freezing mixture, there separated some 
crystals, which when dry weighed 0°11 gram. As they resembled the In 
crystals of stilbene above mentioned, the bromide was prepared. soluti 
An ice-cold ethereal solution of bromine was immediately decolorised muxtu 
by an ethereal solution of these crystals. After standing 4 hours only 
in the cold, the silky needles which had been deposited from the solu- of ay 
tion, were filtered off and dried on a porous plate. The weight of ™™ 15 
crystals obtained was 07124 gram, and they melted at 236—237° As observ 
stilbene dibromide melts at 237°, this experiment confirms the results standi 
of the analysis. methy’ 
From the mother liquor of the stilbene, no liquid of constant boiling be not 
point could be isolated, and it still contained a considerable quantity of aleoho] 
chlorine. The action of sodium benzoxide on benzal chloride would The 
thus appear to be a rather complicated one, the formation of stilbene thus of 
only taking place in very small quantity. 9 
,c 
Action of Phenol on Benzal Chloride. nearly § 
As it had been found that benzophenone chloride acted directly “ad 
phenol, the same result was expected in the case of the above sub ld ¥ 
stances. A mixture of 55 grams of phenol and 16-9 grams of benal e ‘ of 
chloride was heated gently at first, then to 120° for 10 hours, when a 
hydrogen chloride ceased to come off. The loss in weight of hydrogen the ae 


chloride was 7 grams, or 95 per cent. of the theoretical. From the 
dark brown residue, phenol was distilled off under 50 mm. pressure 4! 
100—107°, the temperature being allowed to rise to 210°. On removing 
the capillary tube from the ruby-red, transparent jelly remaining it 
the flask, a sharp click was heard, and crystals shot out radially from 
the centre. The weight of crystalline solid was 24 grams, or 87 pe 
cent. of the theoretical. After boiling with animal charcoal and 
erystallising from chloroform, the colourless crystals of dib 
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triphenylmethane melted at 160—161°. As mentioned by Russanoff 
(Ber., 1889, 22, 1944), when gently warmed with bromine water, 
washed, and dissolved in alcohol, this substance gives a beautiful, blue 
colour on the addition of caustic alkalis. 

When heated with acetic anhydride and fused sodium acetate, it 
affords a diacetyl derivative, which crystallises from acetone in colour- 
less crystals melting at 108—110°. In this respect, therefore, it also 
agrees with the product obtained by Russanoff by the condensation of 
benzaldehyde and phenol by means of sulphuric acid. 


Ill. Action of Sodium Alkyloxides on Benzal Chloride under 
Pressure in Sealed Tubes. 


Action of Sodiwm Methowide. 


In this experiment, 41:4 grams of benzal chloride were added to a 
solution of 6 grams of sodium in 60 grams of methyl alcohol, and the 
nixture heated at 100—105° for 6 hours. On the tube being opened, 
oly a slight pressure of gas was noticed, but a considerable quantity 
of a white salt had separated. The tube was again sealed and heated 
at 150° for 3 hours; on reopening, a strong pressure of gas was 
observed, and the liquid contents were faintly acid to litmus. After 
standing for a few minutes, the liquid began apparently to boil, and 
nethyl chloride was briskly evolved for more than an hour. It may 
be noted that a corresponding result was obtained with the other 
alcohols used under similar conditions. 

The residue was filtered with the aid of the pump, and the liquid 
thus obtained was distilled under a pressure of 75 mm., the fractions 
cllected being 21-7 grams below 35°, and 24 grams between 35° and 
105°, chiefly 100O—105°. On redistillation under the ordinary pressure, 
nearly 20 grams of crude methyl alcohol, boiling between 66° and 70°, 
and 23 grams of crude benzaldehyde, boiling between 175° and 195°, 
were obtained. The crude benzaldehyde so obtained corresponds to a 
yield of 87 per cent. of the theoretical. : 

From the residue, a small quantity of a crystalline acid melting at 
121° was obtained (benzoic acid melts at 121°), probably formed by 
the oxidation of the aldehyde. 


Action of Sodium Ethoxide. 


This experiment was carried out in a similar manner to the previous 
one, the quantities taken being 4°6 grams of sodium, 47 grams of 
ethyl alcohol, and 32 grams of benzal chloride, The mixture was 

fy ated at 150—160° for 7 hours. No pressure of gas was noticeable 
"m2 Opening the tube, but on heating to 55° a large volume of gas was 

‘ y : 4 oO 
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liberated. The gas, which measured 2°25 litres, was collected in a 
gas holder. After passing it through two wash-bottles containing 
sulphuric acid, some of the dry gas was liquefied in U-tubes immersed 
in a freezing mixture. About four c.c. of the colourless, very mobile 
liquid which was obtained in this way evaporated very rapidly when 
removed from the freezing mixture. The vapour burned with a green 
edged flame, and was evidently ethyl chloride. The volume of gas 
measured was about half that which should theoretically have been 
obtained. 

The contents of the tube were next filtered with the aid of the 
pump, and after distilling off the unchanged alcohol from the filtrate, 
the temperature was raised to 210°, the oil which came over amounting 
to nearly 23 grams. The residue was dark brown in colour and 
resembled pitch. It did not give evidence of the presence of chlorine 
as shown by the sodium test. On heating alone, it gave off a very 
acrid odour. A solution obtained by boiling it with water and filtering 
hot, deposited glistening leaflets, which melted at 121° (benzoic acid 
melts at 121°). 

On redistilling the oil, the temperature rose rapidly to 175° and be- 
tween 175° and 185° more than 12 grams, and between 185° and 210° 
55 grams, came over. On shaking with a cold saturated solution of 
sodium bisulphite, both these fractions were shown to consist mainly 
of benzaldehyde, and the presence of only a small quantity of benzal 
chloride in the latter fraction was proved by the tests for chlorine. 


Action of Sodium Propylomide. 


In this experiment, 4°6 grams of sodium, 50 grams of propyl alcohol, 
and 32°2 grams of benzal chloride were heated at 150° for 7 hours. 
No gas escaped on opening the tube. The tube was then connected 
with a condenser, to which two U-tubes, immersed in a freezing mixture, 
were attached. It was heated in the outer tube of a V. Meyer vapour 
density apparatus filled with water. When the temperature of the 
water rose to 55°, bubbles of gas began to come off, and after heating 
for an hour and a quarter, during which time the temperature gradually 
rose to 97°, all the gas seemed to have been evolved. The liquid, cot- 
densed in the U-tubes, weighing 11-4 grams, was then fractionally 
distilled, a Linnemann column being used. The temperature, which 
rose to 43° before any liquid distilled over, remained constant at 46° 
for some time, and then rose rapidly to 90°. The fractions collectel 
were 43—48° (chiefly 46°), 4-4 grams; 48—97° (chiefly 90—94°), 64 
grams. The former was a colourless, mobile, strongly refractive ; 
pleasant smelling liquid resembling propyl chloride in all its properties 
(propyl chloride boils at 46-5°), A yield of A-4 grams of propyl chloride 
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corresponds to 28 per cent. of the theoretical. The latter portion was 
chiefly propyl alcohol. 

The residue in the tube was mixed with about 250 c.c. of water and 
extracted with ether eight times. The ethereal extract, which was 
neutral to litmus, was dried over calcium chloride, and, after expelling 
the ether, was distilled, 26 grams of a mobile liquid coming over 
below 105° and 18°5 grams of an oil between 175° and 230°. The 
first portion consisted mainly of propyl alcohol, whilst the last had a 
strong odour of benzaldehyde, but was found to contain a considerable 
quantity of chlorine. In order to get a rough estimate of the quantity 
of benzaldehyde present, the last portion was shaken with a saturated 
solution of sodium bisulphite, and the crystalline compound thus 
formed filtered with the aid of the pump, washed twice with ethyl 
alcohol, and dried ona porous plate. The weight of the dry bisulphite 
compound was 9°6 grams, or 23 per cent. of the theoretical. 


Action of Sodium Benzoxide. 


In this experiment, 4°6 grams of sodium dissolved in 50 grams of 
benzyl alcohol and 32 grams of benzal chloride were heated at 
150—160° for 11 hours. On opening the tube, slight pressure was 
noticeable, a combustible vapour escaping. A small quantity of 
glistening leaflets, which had crystallised in the upper part of the tube, 
proved to be insoluble in cold, but readily soluble in hot, water, and 
also in caustic soda, from which they were reprecipitated by the 
addition of hydrochloric acid. After drying, the crystals softened at 
90° and melted at 118°, agreeing generally therefore with the pro- 
perties of benzoic acid. The contents of the tube were then filtered, 
and the oil thus obtained subjected to fractional distillation under 
60 mm. pressure, the temperature being allowed to rise to 140°, at 
which point crystals appeared in the condenser. The fractions were 
then distilled under the ordinary pressure, and 7:2 grams were col- 
lected between 162° and 176°, and 20 grams between 176° and 178°. 
As the last fraction was expected to be benzyl chloride, chlorine esti- 
mations were made with the following results : 

0:2673 gave 0°2330 AgCl. Cl=21°5. 

02207 ,, 01918 ,, Cl = 21°5. 

C,H,Cl requires Cl = 28°06 per cent. 


As the liquid probably contained benzaldehyde, it was shaken with 
‘saturated solution of sodium bisulph j; the colourless crystalline 
substance so obtained was filtered off, and proved to be the benzalde- 
yde bisulphite compound. ‘The oil was then separated by the addition 
of water and extraction with ether. After drying the ethereal extract 
and removing the ether, the residue was distilled under a pressure of 
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70 mm., when it came over between 100° and 110°. Unfortunately 
some was lost, but of the remaining 8°7 grams, 1°8 grams distilled 
below 176°, and 5°7 grams at 176—177° under the ordinary pressure, 
The latter portion showed all the properties of benzyl chloride (b. p. 


179°), and a chlorine determination gave satisfactory figures. 
0°2635 gave 0:2967 AgOl. Cl=27°9, 
C,H,Cl requires Cl = 28°06 per cent. 

In another experiment, in which the same quantities were used, the 80 
components were thoroughly mixed by stirring with a glass rod before tu 
sealing off the tube. After heating at 150—155° for 11 hours, the du 
sodium chloride which had separated was filtered off, with the aid of for 
a pump from the brown liquid, washed with a little benzyl alcohol, per 
and dried. It weighed almost 12 grams, the calculated quantity being wit 
11°7 grams. for 

From the liquid obtained by distillation of the filtrate under and 
50 mm. pressure, 18°2 grams of sodium bisulphite compound were chic 
separated, corresponding to a yield of 43 per cent. of the theoretical. whe 
After repeating the distillation and treatment with sodium bisulphite, T 
11°8 grams of benzyl] chloride, or 46 per cent. of the theoretical quan- @ in t! 
tity, distilling at 175—176° under 748 mm. pressure, were obtained. 

An estimation of chlorine gave the following figures: Tl 

0-2165 gave 02403 AgCl. Ol=27°5. we 

O,H,Cl requires Cl= 28-06 per cent. = , 
recor, 
IV. Note on the Analysis of Benzal and Benzyl Chlorides. a 

As Wicke states that the chlorine in benzal chloride is completely 
precipitated by the addition of an alcoholic solution of silver nitrate, 
it was thought that in the case of this compound and of benzyl chloride 
the Carius method of estimating halogens might be replaced by the CX 
more direct process. The following results, however, show that the X 
precipitation is very incomplete in tho case of benzyl chloride (I), aud y. 
only partially complete in that of benzal chloride (II and IT]). Z 

I. 0°3280 gave 0°3623 AgCl. Cl=22°4. 
O,H,Cl requires Cl= 28°06 per cent. — 
II. 0°6302 gave 10907 AgOl. Cl=42-98. Was ori 
III. 04226 ,, 0°7314 AgCl. Cl=42°97. chloroh 
C,H,Cl, requires Cl= 44-09 per cent. both th, 

An attempt was also made to estimate the chlorine in benail HE epichlorc 
chloride by reduction with sodium amalgam and precipitation of These 
sodium chloride by silver nitrate in the usual way. The figures ~ of 

OL, I 


tained in two experiments were : ’ 
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I, 0°7012 gave 0°4654 AgCl, Cl=16°5. 
Il. 13776 ,, 09345 AgCl. Cl=16°8, 
C,H,Cl, requires Cl= 44-09 per cent. 


Both the above methods were therefore inapplicable, and the Carius 
method had to be resorted to. 


Action of Sodium Ethowide on Ethylene Dibromide under Pressure. 


A mixture of 23°5 grams of ethylene dibromide and 5°75 grams of 
sodium dissolved in 57°5 grams of ethyl alcohol was sealed up ina 
tube and, after remaining at the ordinary temperature for 2 days, 
during which a quantity of salt separated, was heated at 120—130° 
for 7 hours. On the tube being opened, a gas possessing all the pro- 
perties of acetylene escaped under slight pressure. This gas burned 
with a brilliant, white, luminous flame, decolorised bromine water, 
forming oily drops having a peculiar odour, and produced a deep red 
and a yellowish-white precipitate in ammoniacal solutions of cuprous 
chloride and silver nitrate respectively, both of which were explosive 
when dry. 

The filtrate from the salt distilled at a temperature of 68—70°, and 
in this way nearly all the alcohol was recovered. 


The author desires to express his thanks to Dr. A. Jamieson Walker 
for carrying out the experiments on the action of sodium methoxide 
and of isobutyloxide on benzal chloride under the ordinary pressure, 
The latter, having unfortunately yielded negative results, are not 
recorded here, 
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od CXXTX.—Action of the Chlorides of Phosphorus on 


Aromatic Ethers of Glycerol. Diaryloxyisopropyl- 
phosphorous Acids. 


By D. R. Boyp. 


SmmmerricaL glycerol diphenyl ether, OPh:CH,*CH(OH)-CH,°OPh, 
Was originally prepared by Rissing (Ber., 1886, 19, 63) from a-di- 
chlorohydrin, Lindeman (Ber., 1891, 24, 2147) has since obtained 
both the diphenyl and di-p-tolyl ethers more conveniently by using 
epichlorohydrin. 

These compounds appear to be the only representatives of the diaryl 
thers of glycerol which have been described, and their properties have 
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not been very completely investigated. I recently had occasion to 
study the action of the chlorides of phosphorus upon the diphenyl 
ether, and the results obtained in this and some similar cases are 
recorded in the present paper. 

When glycerol diphenyl ether is treated with phosphorus penta- 


chloride, the corresponding diphenoxytsopropyl chloride is formed, W 
OPh:CH,:CH(OH)-CH,-OPh —> OPh:CH,:CHCI‘CH,:OPh. P 
If, on the other hand, phosphorus trichloride is used, and the pro- fr 
duct of the reaction treated with water, a large yield of diphenoxy- for 
tsopropylphosphorous acid is obtained. po 
CH(CH,°OPh),-OH + PC], = CH(CH,*OPh),-O-PCl, + HCL po 
CH(CH,"OPh),*O°PCI, + 2H,O = CH(CH,°OPh),:O-P(OH), + 2HCL 
Similar results follow if glycerol phenyl p-tolyl ether or the di-p- 
tolyl ether is substituted for the diphenyl compound. Ac 
The behaviour of alcohols towards phosphorus trichloride has been 
investigated by various chemists (Wurtz, Menschutkin, Kowalewsky), 
who have shown that either an ester of phosphorous acid, for example, T 
C,H,*O-P(OH),, or the corresponding chloride, C,H,*O-PCl,, is formed in 
according to the proportion of alcohol used. Ty 
More recently, Jaroschenko (Chem. Centr., 1897, ii, 334) has suggested ds 
the employment of this reaction as a means of distinguishing between ‘ ai 
primary, secondary, and tertiary alcohols. According to this author, el 
primary alcohols react with phosphorus trichloride to give phosphorus ae 
compounds of the type R-CH,°O-PCl,, the yield in the case of isobutyl alkal; 
alcohol being 78 per cent. of the theoretical amount (compare also tion d 
Kowalewsky, Chem. Centr., 1897, ii, 333). Secondary alcohols, on the @ ts 
other hand, yield unsaturated hydrocarbons according to the equation: distill 
3CH,*CH(OH)-CH, + PCl, = 3CH,-CH:CH, + 3HCl + P(OH), from 
the yield of propylene obtained from isopropyl alcohol being 80 per prisms 
cent. of that required by theory. of the 
Milobendski (Chem. Centr., 1899, i, 249), however, has been unable 0-15; 
to verify this observation in the case of isopropyl alcohol. He finds, 0-20 
on the contrary, that when phosphorus trichloride acts on this alcohol, Cc 
only a very small quantity of propylene is formed, and that the main - 
reaction proceeds according to the equation : a wa th 
30,H,O + PCl, = P(0-0,H,)OH + 0,H,Cl + 2HCl. mes treat 
In view of these conflicting statements, a study of the action of ona 
phosphorus trichloride upon the glycerol diary] ethers acquires add I symmet;;, 
tional interest. From the observations recorded in the present paper, # “Ydrin is 
it is evident that some secondary alcohols at least behave precisely in i ‘he 6-di 


the fashion which has been recognised by Jaroschenko as characteristit 
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of primary alcohols. The use of phosphorus trichloride as a reagent 
for the recognition of the primary or secondary character of an alcohol 
must therefore be regarded.as of very doubtful value. 

The diaryloxyisopropylphosphorous acids here described are sub- 
stances with a marked tendency to crystallise, and show a some- 
what high degree of stability when compared with other derivatives of 
phosphorous acid of the same type already known. They undergo no 
change when left exposed to moist air, and can even be crystallised 
from boiling water. Solutions of their ammonium salts may be boiled 
for a long period without any decomposition taking place. The com- 
pounds, however, are quickly hydrolysed by heating with caustic 
potash, 


EXPERIMENTAL. 


Action of Phosphorus Pentachloride on s-Glycerol Diphenyl Ether. 
Formation of Diphenoxyisopropyl Chloride, 
O,H,°O-CH,°CHCl1-CH,-0-C,H,. 


The glycerol diphenyl ether used in this and the following experi- 
ment was prepared by Lindeman’s method. It melted at 80—81°* 

Twenty-four grams of the ether (1 mol.) were mixed with 22 grams 
of phosphorus pentachloride (1 mol.). In a few minutes, a vigorous 
reaction took place, resulting in the formation of a yellow liquid. This 
was poured into water and heated with dilute caustic soda solution 
until the smell of phosphorus oxychloride had disappeared. The 
alkaline liquid was then extracted with ether, and the ethereal solu- 
tion dried over potassium carbonate. On evaporation of the ether, an 
oil,was obtained which was distilled under reduced pressure. The 


on: BH distillate, on standing, solidified. Jt was dissolved in light petroleum, 
y from which, on cooling, it separated in large, transparent, oblique 
per prisms melting at 37°. The yield was 7:5 grams, or about 30 per cent. 


of the theoretical amount. On analysis : 


01534 gave 0°3862 CO, and 00848 H,O. C=68°66; H=6:19. 
02092 ,, 01156 AgOl. Cl=13-67. 
C,;H,,0,Cl requires C = 68°55 ; H=5-77 ; Cl= 13-50 per cent. 


* In this connection, it may be mentioned that an unsuccessful attempt was made 
to prepare as-glycerol diphenyl ether from 8-dibromohydrin. When this substance 
was treated with a mixture of sodium phenate and melted phenol, a satisfactory yield 
ofa diphenyl ether was obtained, but this proved, on investigation, to be the same 


on df compound that results from a-dichlorohydrin or epichlorohydrin, namely, the 

addi #% symmetrical ether. This is no doubt to be explained by supposing that epibromo- 

paper, hydrin is formed as an intermediate product by the action of the sodium phenate 
in a the B-dibromohydrin. 


4P2 
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The substance dissolves very easily in ether, alcohol, and other 


organic solvents, and in small quantity can be distilled without decom. , 
position under the ordinary pressure. ‘ 
Action of Phosphorus Trichloride on s-Glycerol Diphenyl Ether. 
Formation of Diphenoxyisopropylphosphorous Acid. Re 
CH(CH,:0-C,H,;),*O-P(OH),. ai 
In each experiment, 13 grams (3 mols.) of the diphenyl ether and ac 
9 grams of phosphorus trichloride (4 mols.) were used. The mixture 80] 
was heated in the water-bath for about half-an-hour until no more ev 
hydrogen chloride was evolved. The resulting colourless liquid, con- 
sisting of the chloride of diphenoxyisopropylphosphorous acid, together boi 
with the excess of phosphorus trichloride, was cooled and then poured gly 
into a litre of ice-cold water. and 
A somewhat vigorous reaction took place, with liberation of hydro- mel 
chloric acid. After stirring for a short time, a white, viscous mass was T 
obtained, which, on standing, became solid. In the first experiments, in b 
this product was extracted repeatedly with boiling light petroleum, in in @ 
which the unchanged glycerol diphenyl ether dissolves, whilst the 
phosphorous acid is practically insoluble. It was afterwards found Glye 
that a much more convenient method, and one giving a pure product, 
consists in treating the above-mentioned viscous mass at once with a Th 
considerable volume of dilute ammonia solution. On standing some for 1 
hours, the whole of the diphenoxyisopropylphosphorous acid dis- A : 
solves, leaving behind any unchanged glycerol ether. In this operation, with | 
it is necessary to use a rather large quantity of water, as otherwise boilec 
the ammonium chloride which is formed, if any phosphorus tri- cooled 
chloride should have escaped decomposition in the previous treatment with 
with water, causes precipitation of ammonium diphenoxyisopropyl- leaflet 
phosphite. Repeai 
; On acidifying the ammoniacal solution with hydrochloric acid, an oily analys 
precipitate of diphenoxyisopropylphosphorous acid was obtained, which sequen 
soon changed to a crystalline mass. This was filtered off, and washed 0207 
well with water containing some hydrochloric acid. The washed pro- 
duct was dried at 100° and crystallised from ethyl acetate, from which I 
it separated in beautiful, prismatic needles, or radiating groups of di Aa 
these, melting at 119—120°. The yield was 9 grams, or about 55 per Pol; 
: ; pressure 
cent. of the theoretical amount. On analysis : either f 
0°1839 gave 0°3923 CO, and 00928 H,O. C=5818 ; H=5°66. 
06867 ,, 0°2535 Mg,P,O,. P=10°28. al Auter 
C,;H,,0,P requires C=58°40 ; H=5-57 ; P=10-06 per cent. 8, yn 


Diphenoxyisopropylphosphorous acid is slightly soluble in cold 


AROMATIC ETHERS OF GLYCEROL. 1225 


water, giving a liquid witb a faint acid reaction ; from this solution, it 
is reprecipitated on addition of a little hydrochloric acid.* It is 
moderately soluble in boiling water, and, on cooling the solution slowly, 
separates in well-developed, prismatic needles similar to those obtained 
from ethyl acetate, It is very easily soluble in dilute aqueous am- 
monia, and if to a concentrated solution some ammonium chloride is 
added, the ammonium salt of the diphenoxyisopropylphosphorous 
acid is immediately precipitated in the form of an oil. This oil dis- 
solves at once on addition of more water, and no hydrolysis occurs, 
even on prolonged boiling of the solution. 

The acid is also readily soluble in cold caustic soda solution, but on 
boiling the solution quickly becomes turbid from separation of the 
glycerol diphenyl ether. The liquid now contains phosphorous acid, 
and after acidification and subsequent filtration is found to reduce 
mercuric chloride solution. 

The substance dissolves very easily in alcohol, and somewhat less so 
in benzene, chloroform, acetone, or hot ethyl acetate. It is insoluble 
in ether, if free from alcohol, or in light petroleum. 


Glycerol Phenyl p-Tolyl Ether, C,H,*O*CH,"CH(OH)-CH,*0-C,H,-OH,. 


This substance was obtained by an adaptation of Lindeman’s method 
for the preparation of the symmetrical ethers. 

A solution of p-cresol and sodium ethoxide in alcohol was treated 
with the theoretical amount of glycidol phenyl ether, and the mixture 
boiled for some hours in a reflux apparatus. The product was then 
cooled, poured into water, and the resulting solid precipitate washed 
with water, dried, and crystallised from alcohol. It formed white 
leaflets, which after several crystallisations melted at 73°5—76°. 
Repeated crystallisation did not alter the melting point. The sample 
analysed was obtained by hydrolysis of its phosphorous acid and sub- 
sequent crystallisation. 


02071 gave 05636 CO, and 0°1323 H,O. C=74:22; H=7°16. 
C,,H,,0, requires C = 74°37 ; H=7-04 per cent. 


In properties, the substance closely resembles the diphenyl and 
diptolyl ethers already described. It can be distilled under reduced 
Pressure without decomposition, and may be crystallised conveniently 
tither from alcohol or light petroleum. 


* Autenrieth (Ber., 1897, 30, 2371) draws attention to the same phenomenon in 
the case of acids of the type of diphenylphosphoric acid, and Wurtz (Annalen, 1846, 
58, 75) records a similar behaviour on the part of amylphosphorous acid. 
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Phenoxy-p-tolyloxyisopropyl Chloride, 
C,H,O°CH,*CHCl-CH,:0-0,H,:CH,. 

Molecular proportions of glycerol phenyl p-tolyl ether and phos. 
phorus pentachloride were mixed and the product of the reaction 
treated exactly as in the case of the preparation of diphenoxyis- 
propyl chloride. The substance crystallised from light petroleum in 
clusters of transparent plates of well-defined form melting at 60°. On 
analysis : 


0:1624 gave 0°4130 CO, and 0°0895 H,O. C=69°36; H=6:18. 
02075 ,, 0°1055 AgCl Cl=12°57. 
C,,H,,0,01 requires C= 69°41; H=6°27 ; Cl= 12-82 per cent, 


In solubility, volatility, &c., the substance closely resembles the 
corresponding diphenoxy-compound. 


Phenoxy-p-tolyloxyisopropylphosphorous Acid, 
CH,°C,H,°0-CH,°CH(CH,°0°C,H,):O°P(OH),. 


Twenty grams of glycerol phenyl p-tolyl ether were heated with 
16 grams of phosphorus trichloride and the product treated as in the 
case of the diphenyl compound, The substance crystallised from ethyl 
acetate in radiating clusters of needles very similar to those formed by 
the diphenoxy-derivative, and melted at 106—107°. The yield was 16 
grams, or about 65 per cent. of the theoretical quantity, On analysis: 


0°1991 gave 0°4339 OO, and 0°1087 H,O. C=59:44; H=6:12. 
05528 ,, 0:1945 Mg,P,0,, P=9°79. 
C,,H,,0,;P requires C=59°59 ; H=5'96 ; P=9-60 per cent. 


In solubility and general properties, the substance is very similar to 
the corresponding diphenoxy-compound. Its ammonium salt, which was 
obtained in the form of silky crystals, is very soluble in water and is 
precipitated from a concentrated solution on the addition of ammonium 
chloride. 

Di-p-tolyloayisopropyl Chloride, 
CH,°C,H,°O-CH,*CHCl-CH,:0-C,H,°CH,. 

The glycerol di-p-tolyl ether used in the two following experiments 
was prepared from epichlorohydrin and p-cresol (Lindeman, loc. cit.) 
It melted at 88°. The ditolyl ether and phosphorus pentachloride wert 
mixed in molecular proportion, the containing vessel being immersed in 
cold water in order to moderate the vigour of the reaction. ‘Tie 
resulting liquid was treated with hot caustic soda solution and then 
extracted with ether asin the previous jcases. On evaporation of the 


AUTOFERMENTATION AND LIQUEFACTION OF PRESSED YEAST, 1227 


ether, the residue solidified. Distillation in a vacuum was therefore 
omitted and the substance crystallised at once from light petroleum. 
It separated in small but well-developed, transparent rhombohedra 
melting at 70°. 


01665 gave 0°0814 AgCl. Cl =12°09. 
C,,H,,0,Cl requires Cl = 12°19 per cent. 


The properties of this substance are exceedingly similar to those of 
the diaryloxytsopropy! chlorides already described. 


Di-p-tolyloxyisopropylphosphorous Acid, 
CH(CH,-0°0,H,'CH,),"O*P(OH),. 

This substance was prepared in a manner quite analogous to that 
employed in the two previous corresponding cases. It crystallised 
from ethyl acetate in a very similar fashion, the crystals melting at 
111—112°. On analysis: 


04712 gave 0°1597 Mg,P,0,. P=9°43. 
C,,H,,0,;P requires P = 9°23 per cent. 


In general properties, this substance resembles its two lower homo- 
logues very closely. It is precipitated from its aqueous solution on 
addition of hydrochloric acid, and its ammonium salt is precipitated 
on addition of ammonium chloride. 

The study of these and some allied compounds is being continued. 
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CXXX.—Autofermentation and Liquefaction of Pressed 
Yeast. 


By Artuur Harpen and Sypney Row.anp. 


Ir a sample of washed and pressed yeast be kept in an open vessel, it 
will, in course of time, be observed to become darker in colour, and to 
change its dry, powdery condition, until, passing through all stages of 
pastiness, it finally becomes a thick liquid. 

In the course of a series of experiments on expressed yeast juice, it 
was found advisable to study this phenomenon, especially with regard 
to the influence of temperature upon it and upon the accompanying 
phenomena of evolution of carbon dioxide and absorption of oxygen, 
points which have not hitherto received attention from the authors 
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who have described the liquefaction of yeast, or have studied the 
absorption of oxygen and evolution of carbon dioxide by yeast suspended 
in water. 

Preparation of Yeast.—The yeast employed in the following experi- 
ments was top yeast obtained from an English brewery. It was freed 
from wort by means of a small filter press, and washed with water 
until the washings were quite colourless. The pasty mass was then 
removed from the filter press and submitted to pressure in a hydraulic 
press. In this way, the yeast was obtained as a friable, white mass, 
containing about 30 per cent. of solid matter at 100°, and capable of 
being crumbled between the fingers. 

Influence of Temperature on Rate of Liquefaction (Autoplasmolysis), 
—The rapidity with which liquefaction is accomplished varies greatly 
with the temperature, and also depends on the condition of the yeast, 
the length of time for which it has been kept, and the temperature to 
which it has been exposed. The following numbers apply to a sample 
of yeast which was skimmed on February 15th, washed and pressed on 
February 19th, and then at once employed for the experiment. In this 
case, liquefaction at the ordinary temperature was delayed for more than 
two weeks, whilst at 50° it occurred within so short a time as 1—l} 
hours, intermediate times being required at 26° and 39°. 


Temperature. Time of liquefaction. 
14° 16 days. 
26 53 hours. 
39 5s, 
50 1:25 hours. 


These experiments were carried out in an atmosphere of carbon 
dioxide, so as to avoid any complication due to absorption of oxygen 
and consequent rise of temperature (see p. 1231). 

Evolution of Carbon Dioxide (Autofermentation of Glycogen).—When 
yeast is preserved, the glycogen which is present in the cells gradually 
undergoes fermentation with production of carbon dioxide and alcohol. 
This phenomenon occurs both in the presence and in the absence of air, 
but in the former case it is accompanied by an oxidation process in 
which oxygen is absorbed. In order to ascertain the influence of 
temperature on the evolution of carbon dioxide alone, and to measure 
the extent of this evolution, the yeast was examined in an atmosphere 
of carbon dioxide or nitrogen, the nature of the indifferent gas being 
found to be immaterial. For this purpose, the washed and pressed 
yeast was rubbed into a fine powder and placed in a flask closed by a 
indiarubber stopper carrying two tubes, through which a current of 
carbon dioxide was passed to displace the air. The flask was then 
placed in an incubator at the desired temperature and connected with 
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an apparatus for collecting and measuring the evolved gases, This 
consisted simply of a bottle containing brine covered with a layer of 
oil, and connected by a syphon tube with a second graduated bottle, 
in which the brine displaced by the gas was collected and measured at 
regular intervals of time. The following table and the curves on 
p. 1230 show the characteristic results thus obtained at four different 
temperatures (50°, 39°, 26°, and 14°) with equal portions of a sample 
of yeast which contained 31°45 per cent. of solid matter at 100°. One 
hundred grams of yeast swere taken in each case, and the gas was 
measured at atmospheric temperature and pressure over brine. 


Table showing the rate of evolution of carbon dioxide by yeast exposed 
to different temperatures in an indifferent atmosphere. The time 
of liquefaction is shown by the larger type. 


C.c. of carbon dioxide evolved at 


26°. 


90 
165 


These numbers and curves show, in the first place, that at 50° the 
evolution of carbon dioxide commences with great rapidity, but is sud- 
denly interrupted by the liquefaction of the yeast, although micro- 
sopical examination reveals the presence of abundance of glycogen in 
the cells. In the three other cases, however, the total volume of 
gs evolved does not differ very greatly, although there is a great 
difference between the rates at which it is evolved. The maximum 
Volume is produced at 26°, and amounts to 2730 c.c., which corresponds 
to about 5°3 per cent. of the weight of the pressed yeast, or 16°8 per 
tent. of the dry yeast present. It is to be noted that the evolution of 
&8 ceases some time before liquefaction occurs. At 39°, the rate of 
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evolution is considerably greater, but the total volume is slightly less, 
the shape of the curve suggesting that in this case, as at 50°, the auto. 
fermentation is interrupted by the liquefaction of the mass. At 14°, 
the rate of evolution is extremely slow, and the total volume only 
about 75 per cent. of that evolved at 26°. This may possibly be due 


to the gradual exhaustion of the fermentative power of the cells, 
In every case, the yeast after liquefaction was capable of growth in 
wort, although the samples which had been exposed to the higher 


temperatures commenced to develop only after a considerable time, 


Curve I, 
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It will be noted that the processes of liquefaction and evolution of 
carbon dioxide are interdependent in so far as evolution of gas nevi 
proceeds after liquefaction has occurred, although, on the other han 
the cessation of gas evolution does not necessarily imply immedial 
liquefaction. 

Relation of Alcohol to Carbon Dioxide produced by Autofermeniaim 
of Glycogen.—The production of carbon dioxide by yeast kept in # 
atmosphere free from oxygen appears to be due to a true alcoholit 
fermentation, inasmuch as alcohol is produced in the characters 
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proportion to the carbon dioxide. Thus 100 grams of yeast containing 
$1'7 per cent. of solid matter gave, at 37°, 2160 c.c. of carbon dioxide at 
18° and 766°5 mm. pressure, or 4°01 grams, together with 3°61 grams of 
alcohol, allowance being made for the amount of alcohol originally 
present in the yeast. Hence the ratio of alcohol to carbon dioxide is 
1:11, which agrees closely with the ratio usually found in the 
ordinary alcoholic fermentation, namely, 1:0°96. The slight deficit 
of alcohol is probably due to the over-estimation of the original alcohol 
of the yeast, which would include the amount formed during the heat- 
ing up of the water with which it was distilled. 

Absorption of Oxygen.—The fact that yeast when exposed to the air 
absorbs oxygen is a well-established one, and the relation of this 
phenomenon to the production of carbon dioxide by autofermentation 
has been studied by Schiitzenberger (“Les Fermentations”’), and by 
Gréhant and Quinquaud (Ann. sc. nat. Botanique, 1889, p. 269, 
quoted by Duclaux, 7'raité de Microbiologie, 3, 231), who examined the 
yeast suspended in pure water. The general result of these researches 
was that the amount of oxygen absorbed increases with the tempera- 
ture, the maximum obtained being 9°6 c.c. per gram of dry yeast per 
hour at 50°. The ratio of carbon dioxide to oxygen (respiratory 
quotient) was also found by Gréhant and Quinquaud to increase from 
106 at 14° to 4°5 at 46°. 

As these experiments had all been carried out with yeast suspended 
in water, it was thought advisable to re-examine the phenomenon as it 
occurs in pressed yeast, since in this condition each cell is entirely 
dependent on the material contained within its walls, and complica- 
tions due to alimentary functions are eliminated. 

For this purpose, a current of air or oxygen was passed over the 
yeast at a known uniform rate, and the resulting mixture of gases was 
collected at equal intervals of time, measured, and then passed through 
potash and again measured. A record was thus obtained for successive 
equal intervals of (1) the volume of oxygen supplied, (2) the carbon 
dioxide evolved, and (3) the oxygen absorbed. In order to effect this, 
oxygen was maintained at a constant pressure by means of a hydro- 
statically balanced valve in a gas-holder containing dilute caustic soda 
solution, The gas was then pumped through the yeast, contained in a 
glass cylinder, by means of two oscillating glass cylinders working in 
mercury, from which the gas was alternately discharged to the yeast 
and admitted from the reservoir, constancy of direction in the stream 
of gas being attained by a three-way tap changed over at the end of 
stroke by a gravity trip gear. The varying pressure of the brine 
column contained in the collecting vessel was counterbalanced by 
means of a mercury valve arranged in such a manner that the pres- 
sure on the gas in the delivery tube of the pump remained constant, 
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so that éach stroke of the pump delivered exactly the same volume si 
of gas. be 
Under these circumstances, the phenomena observed were of the re 
same general character as those described by previous observers. It gr 
was found almost impossible to keep the temperature of the yeast | 
constant during the course of such an experiment, owing to the large thi 
amount of heat evolved by the oxidation process, and in most cases, ill 
therefore, no attempt was made to do this, but the rise of temperature me 
was observed by a thermometer inserted in the mass of yeast. Ina Cor 
current of nitrogen at the temperature of the air, on the other hand, vol 
no rise of temperature was observable, the autofermentation of the car 
glycogen being very slow at this temperature and there being no gas 
oxidation, to which the rise appears to be mainly due. of | 
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The typical course of such an experiment, carried out with freshly 2370 
pressed yeast in a current of oxygen, is shown by the accompanyilg §& of exc 
curve (Curve II), which applies to 69°1 grams of yeast containing 
27 per cent. of solid matter. If t 
The temperature gradually rose from 16°5° to 41°35°, and then and w: 
slowly fell to 22°45°, at which point the experiment was discontinued, 
4°6 hours after its commencement. During this time, 1103 cc. fF the mn 
oxygen were absorbed and 2148 c.c. of carbon!dioxide evolved, this be thre 
being an average of 3°47 c.c. of oxygen and 6°76 c.c. of carbon dioxide HF +, 
per gram of fresh yeast per hour, or 12°85 c.c. of oxygen and 25°03 cs 
of carbon dioxide per gram of dry yeast per hour. This amount of as 
€ 


oxygen, which represents the average of the whole experiment, is con 
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siderably greater than the maximum amount observed by Schiitzen- 
berger, which amounted to 9°6 c.c. and was observed at 50° The 
respiratory quotient was 2°25 at the highest temperature observed, and 
gradually fell to 1, the average being 1-94. 

The great ease with which gases penetrate the cell walls of yeast in 
this condition and come into equilibrium with the cell contents is 
illustrated by a phenomenon which was observed during these experi- 
ments. When yeast is allowed to stand for a short time, the cell 
contents become saturated with carbon dioxide. If now a measured 
volume of some indifferent gas be passed in, the partial pressure of the 
carbon dioxide being thus lowered, a large amount of the dissolved 
gas is at once liberated, so that there appears to be a sudden evolution 
of gas. Thus on passing 51 c.c. of nitrogen into 87 grams of pressed 
yeast contained in a cylinder connected to two gas burettes, no less 
than 90 c.c. of gas were at once obtained. When the yeast has been 
freed from carbon dioxide by a current of air or nitrogen, and carbon 
dioxide is then passed in, a very rapid absorption occurs, and in two 
or three minutes the yeast is again saturated. 

As the autofermentation of the glycogen in the absence of air had 
been found to correspond with normal alcoholic fermentation, a com- 
parison was instituted between the amount of carbon dioxide evolved 
in the presence of oxygen and in its absence, in order to obtain, if 
possible, some information as to the chemical action of the oxygen. 

(1) One hundred grams of fresh yeast at 39° in absence of oxygen 
| gave 1730 c.c. of carbon dioxide. 

One hundred grams of the same sample in a current of oxygen at 
39° gave 2090 c.c. of carbon dioxide, 844 c.c. of oxygen being absorbed, 
Ratio of excess of carbon dioxide evolved in presence of oxygen to 
2090 — 1730 
———? 0°43. 

(2) One hundred grams of fresh yeast at 39° in absence of oxygen 
gave 2160 c.c. of carbon dioxide, and in a current of oxygen gave 
2370 c.c. of carbon dioxide, 635 c.c. of oxygen being absorbed. Ratio 
2370 - 2160 _ 9.99 

635 
If the oxygen oxidised the glycogen completely to carbon dioxide 
and water according to the equation 
C,H,,0, + 60, = 6CO, + 5H,0, 
the amount of carbon dioxide evolved by the oxidation process would 
be three times that evolved by the normal fermentation process from 
the same weight of glycogen according to the equation 
C,H,,0,; + H,O = 2C0, + 2C,H,0, 
and hence the difference between the volumes of carbon dioxide 


the oxygen absorbed = 


of excess of carbon dioxide to oxygen absorbed = 
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evolved in presence, and in absence, of oxygen should be two-thirds of 
the volume of the oxygen absorbed. 

As, however, the ratio of excess of carbon dioxide to oxygen absorbed 
was invariably found to be considerably less than two-thirds, it appears 
probable that carbon dioxide and water are not the sole products of 
the oxidation. This point, however, requires further investigation. 

In view of the large amount of carbon dioxide evolved by yeast 
when it is exposed to a current of oxygen, an experiment was made to 
ascertain the limit of this evolution. 

Twenty-five grams of yeast, containing 31-1 per cent. of solid matter, 
were exposed toa current of oxygen at the temperature of the air, 
and the carbon dioxide absorbed in caustic potash and weighed. In 
12 days, 3°7422 grams of carbon dioxide were collected, so that 1 gram 
of dry yeast gave 0°4812 gram of carbon dioxide=0°131 gram of 
carbon. Since dry yeast contains about 50 per cent. of carbon, it 
follows that in this case 26 per cent. of the carbon of the yeast was 
evolved as carbon dioxide. 

Microscopical Appearance.—Coincident with the series of changes 
culminating in the liquefaction of the yeast, the following series of 
structural changes was observed microscopically. The freshly pressed 
yeast consists of large cells, with a small vacuole and granular proto 
plasm, staining a deep brown with iodine. As the evolution of carbon 
dioxide proceeds, the vacuole increases in size, the brown stain obtained 
with iodine diminishes, and just before liquefaction there is usually no 
glycogen left in the cell. 

After liquefaction, the cells have no vacuole and are shrunken, the 
cell walls being crumpled and the cell substance highly granulated ani 
contracted toa centrally aggregated mass, floating in a small amount 
of aclear fluid. No brown reaction with iodine is, as a rule, obtainable, 
and although in the case of yeast liquefied at 50°, the brown stain is 
obtained, the cell does not in other respects differ from the normal 
character. 

It therefore seems probable that the liquefaction of the yeast is due 
to the discharge of the contents of the vacuole, and that the progressi® 
increase in the size of the vacuole results from the accumulation d 
some substance produced along with carbon dioxide from the glycogen. 

O’Sullivan and Tompson (Trans., 1890, 57, 872) have desoribel 
the liquefaction of yeast, but did not attribute the liquefaction of tht 
mass to the discharge of the vacuolar fluid. On the contrary, tht 
state that “ A microscopical examination at this stage shows that tlt 
yeast cells have shrivelled up into a comparatively small bulk, whil# 
their outline is irregular and ill-defined. The cell wall has aime 
entirely disappeared, but the large majority of the cells are unbrok 
The vacuole occupies practically the whole of the interior of the¢ 
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and the granulations are very marked, being, in fact, by far ‘the most 
distinct feature of it.” In all the numerous samples which have come 
under our observation, however, the phenomenon occurs as we have 
described it above, and the whole progress of the change, terminating 
in the extrusion of the contents of the vacuole has been watched on the 
hot stage. The cell wall, moreover, can be quite readily distinguished 
throughout the process. 


Our thanks are due to Mr. W. J. Young for some assistance in the 
experimental portion of the work. 
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(XXXI—WNon-existence of the so-called Suboxide of 
Phosphorus. Part I. 


By Cuartes Hutcuens Burcess and Davip Lronarp CHAPMAN. 


Ix a previous paper (Chapman and.Lidbury, Trans., 1899, '75, 973), it 
was claimed : firstly, that the grounds adduced by previous investigators 
for the existence of a definite suboxide of phosphorus having the 
formula P,O are insufficient ; secondly, that the so-called suboxide of 
phosphorus, prepared by their methods, has properties identical with 
those of red phosphorus ; thirdly, that when the substance is carefully 
purified and analysed, the percentage of phosphorus is invariably 
higher than that required by the formula. 

Amongst the several “ suboxides” prepared and examined by us 
was one recently obtained by Michaelis and jPitsch (Ber., 1899, 32, 
337) by precipitating the red solution which results from the action 
of aqueous alcoholic potash on white phosphorus, with dilute hydro- 
chloric acid. The percentage of phosphorus found by us in the sub- 
stance was 90:5, which is 2 per cent. higher than that required by the 
formula P,O, and in its properties the “suboxide” resembled the 
other preparations. A complete account of the experiments of 
Michaelis and Pitsch did not appear until several months after their 
frst publication on the subject (Annalen, 1899, 310, 45). In this 
paper, the authors lay claim to having prepared a substance free from 
hydrogen and other impurities, and containing the theoretical per- 
centage of phosphorus required by the formula P,O. It is moreover 
Supposed to differ from amorphous phosphorus in its behaviour towards 
queous alcoholic potash. 

In the present communication, we shall explain why Michaelis and 
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Pitsch’s results cannot, in our opinion, be regarded as proof of their f 
conclusions, and shall describe experiments which confirm the views t 
already expressed by Chapman and Lidbury.* ti 
e 
The Composition of the so-called Suboxide. t 
Our analyses show: firstly, that the percentage of phosphorus in " 
the “suboxide”’ prepared by Michaelis and Pitsch’s method varies of 
from 86 per cent. to 93 per cent. ; secondly, that hydrogen is always pr 
present in considerable quantity; thirdly, that other impurities, fro 
amongst which is carbon, are also present. The explanation of the ne 
striking difference between these results and those of Michaelis and B o}y 
Pitsch is, we believe, to be found in the method of analysis employed } 
by them to estimate the hydrogen. In the first place, the substance BF was 
was gently heated before the analysis for hydrogen was made, in order qual 
to drive off the water which they and previous observers had found to & goon 
be present. The authors evidently regard this moisture, the presence flow 
of which was directly proved by heating with copper oxide, as entirely HH acig 
derived from the atmosphere during manipulation, but if this view as The 
to its source is incorrect, then the process of heating can only result in J poreg 
removing before analysis part of the water which it is their object ty HF quite 
find. Some idea may be gained as to. the rate at which moisture is & the g 
absorbed from the air from the following experiment. 0°5946 gram @ moly} 
of the substance was introduced into an open, wide-mouthed tube, and & in the 
the rate of increase in weight observed. In 10 minutes it gainel & tated 
0:0006 gram, in 35 minutes 0°0014 gram, and in 135 minutes 0:0036 & consta 
gram. Whole 
Another point in connection with their experiment deserves atten BR Ze4;; 
tion. The hydrogen in the previously warmed suboxide was estimated employ 
by heating it with lead oxide in a combustion tube, and driving the vapour 
resulting water by means of a current of dry air into a weighti [The ph 
calcium chloride tube. During the heating of the mixture of suboxide water ; 


and lead oxide, a cloud was formed, which was so difficult to contr 
that it could not be prevented from entering the calcium chlorite 
tube. If the cloud were due to phosphorus pentoxide, and this dot 
not seem unlikely, it would, unless the utmost precautions were takt 
to cause it to combine with the lead oxide, retain a large proporti 
of the water in the combustion tube. Again, there is no mention® 
the lead oxide having been heated while the current of dry air 
drawn through, a precaution which certainly seems necessary. 
By carefully washing and drying the substance, prepared with 
the precautions given by Michaelis and Pitsch, Chapman and Lidbur 


* Michaelis and Arend (Annalen, 1901, 314, 259) have recentiy published a} 
on the same subject, to which we shall also have occasion to refer later. 
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found that the phosphorus exceeded by 2—3 per cent. that required by 
the formula P,O. Michaelis and Arend, in reply, state that the solu- 
tion should be cooled to 0°, and the precipitation of the red solution 
effected with acetic in the place of hydrochloric acid, and that under 
these circumstances the substance will not contain an excess of phos- 
phorus. From our point of view, the acetic acid is only another possible 
source of impurity, and it is not at all surprising that the percentage 
of phosphorus should have been by this means reduced. We have in the 
present research made no serious attempt to free the red phosphorus 
from this impurity, but we have simply adopted Michaelis and Arend’s 
method of preparation, and shown by analysis that the substance 
obtained cannot have the formula P,O. 

Estimation of the Phosphorus in the so-called Suboxide.—The specimen 
was weighed out into a Geissler flask, and dissolved in a small 
quantity of dilute nitric acid by warming on the water-bath. As 
soon as the solution was complete, strong nitric acid was allowed to 
flow down the condensing tube together with a fewc.c. of hydrochloric 
acid, and the mixture heated on the water-bath for 12 hours, 
The contents of the flask were then washed out into a large 
porcelain basin, and the excess of acid evaporated off. In order to be 
quite certain that no error was introduced from the action of the acid on 
the glass, the phosphoric acid was first precipitated with ammonium 
molybdate. The ammonium magnesium phosphate obtained from this 
in the usual way was dissolved in hydrochloric acid, and reprecipi- 
tated by the very slow addition of ammonia from a burette with 
constant stirring, 10 c.c. of magnesia mixture being added before the 
whole was left to stand. 

Estimation of the Hydrogen in the so-called Suboxide.—The method 
employed consists in distilling the specimen, whereby phosphorus 
vapour, steam, hydrogen, and phosphoretted hydrogen are formed. 
The phosphorus vapour is made to combine with copper, and the 
water is decomposed by red hot aluminium, so that it is thus possible 
to obtain all the hydrogen as gas. To avoid the absorption of 
moisture during manipulation, a soft glass tube, B, was closed at one — 


A B 


(SSSir#z= 


» 


nd, and another tube, A, was ground into the other end. A was 

trawn out to a fine capillary which communicated with the air. The 
cimen can be kept for days in such a bottle without any appreciable 
eration in weight. The weighing bottle was dried in an air-bath, 
” “suboxide” rapidly introduced, and the stopper, A, inserted, the 
eight of the bottle having been previously obtained. After finding 
VOL, LXXIx. 4 Q 
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the weight of the specimen, the hydrogen was estimated in the 
following manner :— 

A hard, Jena glass tube of 8 mm. internal diameter was closed at 
one end, and the bottle, A, which contained “suboxide,” dropped to 
the bottom. A glass rod, B, was then introduced, and about one-half 
of the remainder of the tube was first tightly packed with clean 
copper gauze, C, and then with rolls of aluminium foil, D. The 
surface of the aluminium foil had been previously cleaned by warming 
with ether for many hours. The Jena tube was fixed in a horizontal 
position, and communicated through a phosphoric oxide tube with 
acontinuous Sprengel pump. It was thus left, with the pump 
working, until a good vacuum had been obtained. The part of the 
tube containing the copper and aluminium was then heated to a 
temperature at which the aluminium just began to melt. A carefully 
chosen tube will stand the pressure of an atmosphere at this 
temperature. During this heating, a little gas was pumped out from the 
aluminium and copper, but the volume rapidly diminished, and was soon 


D Cc B A 


FURNACE. 


(ASBESTOS 
\ BoaRos. }___» 


negligible. On heating that part of the combustion tube which 
contained the “suboxide” with a Bunsen burner, hydrogen was 
evolved in considerable quantity, and continued to come off until al 
the phosphorus had volatilised. The gas was collected at the pump, 
and retained for analysis. The residue remaining in the bottl 
which contained the suboxide, was a perfectly black, non-volatil 
substance, and was proved to contain both carbon and phosphorus* 
In two experiments, the substance was heated in the same way # 
described above, with the exception that no copper cr aluminium 
introduced into the combustion tube. The amounts of hydrogen we 
in these cases also far too large to allow of the substance having 
formula P,O. 7 
Examination of the Gas Evolved.—The samples of gas which had be 
collected at the pump were transferred to a eudiometer and exploded 


* This residue will not burn in oxygen even when strongly heated. Ih 
experiment, it was shown to contain carbon by heating it with lead chromate# 
combustion tube and collecting the carbon dioxide in potash. 
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excess of oxygen. In several cases, the contraction occurring was too 
large for pure hydrogen. This was apparently due to the presence of 
some hydrocarbon, since the gas remaining after explosion was in 
these cases partly absorbed by potash. The improbability that 
the substance examined is the oxide P,O is just as great whether the 
gas contained a hydrocarbon or consisted of pure hydrogen. 

Preparation of the Samples.—Sample I was prepared by precipitating 
the red solution which results from the action of aqueous alcoholic 
potash on white phosphorus with very dilute hydrochloric acid. 
The details given by Michaelis and Pitsch (Annalen, 1899, 310, 56) 
were observed, the only variation being that the hydrochloric acid 
was kept in constant rotation by means of an automatic stirring 
apparatus. After allowing one quantity of the red solution to pass 
through the filter paper, the hydrochloric acid was left to stand for 
some time, in order to regain the temperature of the laboratory, before 
another quantity was prepared and filtered. As only a small amount 
of the substance was prepared and the time taken in its preparation 
was considerable, we are inclined to think that.the low percentage of 
phosphorus is due to the action of the caustic alkali on the filter 
paper. The washing and drying were performed as described by 
Michaelis and Pitsch. The complete analysis shows that the substance 
cannot be a suboxide, P,O. 

Sample II was prepared without employing filter paper. The clear 
red solution was allowed to run from a separating funnel, drop by drop, 
into very dilute hydrochloric acid, which was kept stirred as before. 
The acid was cooled from time to time with cold water. The precipitate 
was washed successively with water, alcohol, and ether, and then with 
carbon disulphide, which has been shown to remove ordinary phosphorus 
completely from such a preparation (Chapman and Lidbury, loc. cit., p. 
076), should it happen to contain any. It will be seen from the analytical 
numbers that the amount of phosphorus is 4°3 per cent. higher than 

hat required by the formula P,O, also that the black residue left on 
listillation in a vacuum is much smaller than in sample I. The 
ample was completely soluble in aqueous alcoholic potash. 

Sample IIT was prepared exactly according to the new directions 

iven by Michaelis and Arend (doc. cit., p. 263), the utmost precautions 

ting taken to keep both the red solution and the precipitating acid at 

» The red solution was prepared from sample 1V. The percentage 

phosphorus is still 1-5 per cent. higher than that required by the 

mula PO, 

Sample IV was prepared from ammonium hypophosphite in the 

Mowing way (Michaelis and Arend, Joc. cit., p. 266). Thirty grams 

ammonium hypophosphite were dissolved in 100 grams of glacial 
ftic acid, and 45 grams of acetic anhydride were gradually added. 
4Q2 
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The mixture was warmed on the water-bath until a precipitate began 
to appear. It was then cooled, another 45 grams of acetic anhydride 
were added, and the mixture was heated again on the water-bath, 
Finally, the whole was poured into excess of water, filtered, washed, 
and dried. We experienced great difficulty in removing acetic acid 
from this precipitate by washing. The analysis shows that the sub. 
stance cannot be the oxide, P,O. 

Sample V was prepared from sample IV by warming for some time 
on the water-bath with dilute hydrochloric acid. This removed the im- 
purities to such an extent that the amount of phosphorus rose 1 per cent, 

Sample VI was prepared from the red solution, obtained by dissolving 
sample IV in aqueous alcoholic potash, by precipitating with hot hydro- 
chloric acid (one volume of strong hydrochloric acid to two volumes of 


water). 
Analytical Results.—The analytical results obtained were : 


Contraction Formula, as- 
C.c. of Residue | suming that the 
Per- | hydrogen per 0°1 substance is a 
centage | per 0‘1 Calculated| gram. chemical com- 
of P. | gram of for pound, and 


substance. -C. hydrogen,| Gram. neglecting 
c.c. residue. 


86°7 17°06 16°71 0°0059 | PyHy. 40). 
92°87 13°35 13°31 0°0013 | PyHy.060p-ss 
92°81 ‘li 12°17 12°19 0°0029 | PyHy-9:Oo-54 
90°01 ‘ contraction| not found | 0°00522 | PyHo.g,Oo7 
7°66 5°45 4 
86°50 12°97 11°33 0°0045 © | PyHo.90)-14 
7°43 7:07 

, 87°58 
VI. 89°75 7°51 PH. 


—- | 


Since 0°1 gram was about the amount of substance taken, the hydrogen is calew 
lated as c.c., and the residue as grams per 0°1 gram of substance. 

In calculating the formula in the last column, no allowance is made for the residue, 
and therefore the number attached to the oxygen is somewhat too large. 

The second value for the hydrogen with samples III and IV was obtained whet 
the substance was distilled in a tube which contained no copper or aluminium. It 
was smaller because the water vapour was not decomposed. 


1 In this experiment, the residue was heated with a solution of potash, and then 
washed with water, proving that a considerable portion is insoluble in potash. 
2 This residue gave, on combustion with lead chromate, 0°0006 gram of carbon. 


8 This does not represent all the hydrogen which can be obtained by h 


alone, since during the experiment the stopper came out of the little bottle, 
some of the ‘‘ suboxide” was blown through the tube by the escaping hydrogen. 
* The absorption which occurred on the addition of potash after explosion ™ 
0°77 c.c. 
6 The residue gave, on combustion with lead chromate, 0°0009 gram of carbolb 
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Michaelis and Pitsch’s Pure and Impure Subowides. 


Michaelis and Pitsch distinguish between impure suboxides, which 
are supposed to contain red phosphorus and solid phosphoretted hydro- 
gen, and pure suboxides, free from these substances, The following 
are their analytical numbers for the impure preparations : 


P 90°35; 90°1 89°80; 89°72 90:48 90-89 91-85 per cent. 
an aeemnentll ——_—__ ——— 
H 193 03 136 095 195 ,, 


The calculated percentage of hydrogen in the compound P,H, is 1°58, 
and therefore some of the impure suboxide specimens contain more 
hydrogen than the solid hydride of phosphorus to which the impurity 
is supposed to be due. Again, there is nothing in the methods of 
preparation of the impure and pure substances to suggest such a 
marked difference in composition as the authors claim for them. For 
example, a pure suboxide containing no hydrogen is obtained by the 
action of acetic anhydride on ammonium hypophosphite, and an im- 
pure substance, containing a large percentage of hydrogen, by the 
action of acetyl chloride on hypophosphorus acid. 

Our analytical numbers afford a strong confirmation of the view 
already expressed that the ‘‘suboxide of phosphorus” is only impure 
red phosphorus. 

The Red Solution of Phosphorus in Aqueous Alcoholic Potash.—When 
ordinary phosphorus is dissolved in aqueous alcoholic potash, a red 
solution is obtained. The’ solution, when first formed, is apparently 
quite clear, but on allowing it to remain at the temperature of the 
laboratory, it rapidly decomposes with evolution of hydrogen and 
phosphoretted hydrogen, and loss of colour. If a strong solution is 
allowed to decompose, it becomes muddy, and a brown solid slowly 
settles to the bottom. When the solution is kept at 0°, the same 
changes take place, but much more slowly. On warming on the water- 
bath, the decomposition proceeds very rapidly, and no brown solid is 
formed. The point to be borne in mind is that the red solution itself, 
when separated from the phosphorus from which it is obtained, is at 
the ordinary temperature very unstable, and readily decomposes with 
evolution of hydrogen and phosphoretted hydrogen. Now, some stress 
has been laid by Michaelis and Pitsch upon the supposed fact that 
ordinary phosphorus is soluble in aqueous alcoholic potash with 
evolution of hydrogen, whereas the “‘ suboxide ” dissolves in it without 
liberation of this gas, which would indicate, if the observation were 
orrect, that phosphorus must be partially oxidised before solution can 
fake place. On performing comparative experiments, we find that the 
‘suboxide” and ordinary phosphorus dissolve in aqueous alcoholic 
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potash at the ordinary temperature, in both cases+with evolution of 
considerable quantities of hydrogen. At 0°, the “‘ suboxide”’ dissolves 
very much more rapidly than ordinary phosphorus, and in neither case 
is an appreciable quantity of hydrogen given off. The hydrogen can, 


therefore, in all cases be regarded as derived from the decomposition ‘o 
of the red solution, and certainly affords no evidence of the state of ‘a 
oxidation of the substances dissolved. No conclusions can be drawn is 
from the relative rates of solution of the two substances, since the for 
particles of the one are so small that their shape can scarcely be seen § ¢.,, 
under a microscope (one-sixth inch objective), whereas the granules of jn 
the other can readily be seen with the naked eye. If ordinary phos § ,,. 
phorus could be obtained as finely divided as the “suboxide,’’ there is that 
every reason for thinking that the red solution would be formed af ;. 4 
least as readily in the one case as in the other. tiie 
The red solution may be precipitated either by neutralisation with By 1 
an acid, or by the addition of an ammonium salt. The colour of the place 
precipitate obtained with a strong acid is light yellow or green, with ¢,,. 
a weak acid it isa darker green, and with ammonium chloride it isf 4,, 
still darker, The dark precipitates, when warmed with a strong acid, § y); 
become bright yellow, indicating that the dark colour is probably due aqueo 
to the presence of a base in the precipitate, which can only be com-§ },,,. 
pletely removed by a strong acid. The substances obtained in the perim, 
absence of any base are always bright yellow, such, for example, a § 4. ; 
the “suboxide” formed by the action of acetic anhydride on hypophos- plete 
phorus acid. It may here be mentioned that the brown solid, obtained aqueot 
by the decomposition of the dark red solution, becomes bright yellow proved 
when warmed with hydrochloric acid. be dou 
Michaelis and Pitsch assert that certain specimens of impure “sub 1, fol 
oxide” leave a residue of red phosphorus when dissolved in aqueous§ f..4 
alcoholic potash. All our preparations, whether they contain 94 pe§ 1p), , 
cent, or only 86 per cent. of phosphorus, are completely soluble in thisf 4, red 
reagent, and a precipitate is formed only on allowing the resultim accompa 
clear red solution to stand. Was pai 


Concerning the nature of the red solution, it may be pointed o 
that the presence of alcohol greatly accelerates the solution of flowa 
of sulphur in potash, persulphides being formed. By analogy, we! 
led to suspect that the solution of phosphorus in the same reagel 
contains a perphosphide. This supposition, if correct, would 4 
for its colour, and for the precipitation of phosphorus on the additiog,, 
of an acid. The potassium phosphide is soluble in alcohol with form 
tion of a deep red solution, but the reaction is so violent that it 
attended with considerable decomposition, 
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Solubility of Red Phosphorus in Aqueous Alcoholic Potash. 


Besides establishing a very close relationship between the so-called 
suboxide of phosphorus and red phosphorus in other respects, Chapman 
and Lidbury have shown that Pedler’s phosphorus (obtained by the 
action of sunlight on a solution of phosphorus in carbon disulphide) 
is, like the “suboxide,” soluble in aqueous alcoholic potash. This 
form of phosphorus was used because it can easily be obtained in a 
fine state of division. Michaelis and Arend find that this phosphorus 
contains, as might be expected, both 
carbon and sulphur, and they believe 
that some oxygen is also present, which 
is derived from the wash-water by the 
substitution of oxygen for sulphur. 
By using carbon tetrachloride in the 
place of carbon disulphide as a solvent 
for the phosphorus, they obtained, by 
the action of sunlight, a substance 
which they were unable to dissolve in 
aqueous alcoholic potash. It is not, 
however, necessary to consider the ex- 
periments of Michaelis and Arend on 
this point in detail, since the com- 
plete solubility of red phosphorus in 
aqueous alcoholic potash is so easily 
proved that it cannot for a moment 
be doubted. To establish this fact, 
the following experiments were per- 
§ formed. 

"| ‘The apparatus employed to prepare 
mathe red phosphorus is shown in the 

‘—<companying diagram. The tube B 

was partially filled with red phos- A 

, phorus, which was prevented from buanee ORUS. i 
entering A by means of a tight plug 
of glass wool. The red phosphorus, 

"Before being introduced into the tube, 
» §88 Washed in turn with water, alcohol, and ether, and dried in a 

vacuum over phosphoric oxide. The T-piece, Z, was fused on to a 
ube, which communicated through a phosphoric oxide tube with an 
mutomatic Sprengel pump in such a manner that A and B were 
horizontal. After exhaustion, the phosphorus was very slowly dis- 
illed into A. During the distillation, a little hydrogen was evolved 
which was pumped out of the apparatus after sufficient phosphorus 
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had come over. The tube A was finally fused off at H and F, and the 
phosphorus was distilled into the end remote from the tube D. The 
ordinary phosphorus may be completely reconverted into red phosphorus 
by passing the silent discharge through the vapour. This was done by 
connecting one pole of an induction coil with copper wire wrapped 
round the middle of the tube A, and the other pole with mercury con- 
tained in D. The conversion takes place only slowly at the ordinary 
temperature on account of the low pressure of the vapour; it is, 
however, accelerated by heating the tube to 100° in an air-bath. The 
red phosphorus was deposited over the inner surface of the tube, 
When it was thought that the conversion was complete, the tube was 


opened under carbon disulphide, and allowed to remain in contact with ( 
this liquid for some hours. The carbon disulphide did not leave 
any residue of phosphorus on evaporation. The red phosphorus was 
finally removed from the walls of the tube, ground in a mortar, col- 
lected on a filter paper, and washed with ether. On treating the T 
product with aqueous alcoholic potash, a deep red solution passed in 
through the filter paper, and this gave a voluminous precipitate with an 
hydrochloric acid. A residue consisting of much larger grains dis- va 
tinctly visible to the naked eye remained behind, which was rendered Ye 
soluble by regrinding. ele 
The same experiment may be performed with commercial red _phos- W 
phorus. The sample used by us was in the form of a powder, and did pas 
not contain ordinary phosphorus, It was reduced to a fine powder by § fp 
grinding in an ordinary porcelain mortar. An agate mortar cannot be dec 
used for this purpose as its surface is so smooth that the pestle slides B gg 
over the particles. The fine powder, after being washed successively the 
with hydrochloric acid, aleohol, and ether, was readily soluble in aqueous Bo) 
alcoholic potash, giving a considerable quantity of a deep red solution, Var 
which was then precipitated by hydrochloric acid. The residue te § legs 
maining on the filter paper was easily rendered soluble by regrinding B ma, 
By repeating the process of grinding several times, all the phosphorus, @ sim; 
with the exception of a small quantity which could not be removelM of 
from the filter paper, was converted into the red solution, abou 
resul 
Conclusions. PP 
amm 
From the experiments described in this paper, and from the facts 5 sh 
established by Chapman and Lidbury, we conclude : break 


(1) That no suboxide of phosphorus having the formula P,O has 
ever been prepared, because the percentage of phosphorus is variable, 
and because the latest substance, described as having the composition 
P,O, contains other elements in addition to phosphorus and oxyg# 
hydrogen being present in considerable quantity. 
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(2) That the substance described as a suboxide of phosphorus is 
impure red phosphorus, because the properties of both are the same, 
and because direct analyses have shown that the impurities in the 
alleged suboxide (regarding it as red phosphorus) are such as might be 
expected from the methods of preparation. 
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CXXXII.—The Action of Ammonia on Metals at High 


Temperatures. 


By Grorce Toomas Beripy and Gzorce GERALD HENDERSON, 


Ten years ago, while one of the authors was engaged in developing an 
industrial process which involved the passing of large volumes. of 
ammonia gas through metal tubes at a red heat, some striking obser- 
vations were made. In the first place, the statement of Ramsay and 
Young (Trans., 1884, 45, 88) that ammonia is decomposed into its 
elements with great rapidity by red hot iron was amply confirmed. 
When a current of ammonia at the rate of 4 litres per minute was 
passed through an iron tube 12°5 mm. in diameter and heated at 810° 
for 300 mm, of its length, only 27 per cent. of the ammonia escaped 
decomposition, 73 per cent., or nearly three-fourths of the whole, being 
decomposed. The velocity of the current through the heated part of 
the tube was about 1°5 metres per second, so that the ammonia 
molecules were only exposed to the hot metal for one-fifth of a second. 
Various observers had found that, for equal surfaces, copper has much 
less action on ammonia than iron. Experiments were accordingly 
made, using a solid drawn copper tube instead of an iron one. Under 
similar conditions of temperature and ammonia current, the quantity 
of ammonia decomposed by the copper tube in a given time was only 
about one-third of the quantity decomposed by the iron tube. This 
result was, so far, encouraging, and an attempt was made to use 
copper tubes for the industrial operation. However, after exposure to 
ammonia at a temperature of 800° for a few hours, the tube became 
80 short and brittle that it could not bear its own weight without 
breaking. The next step taken was to strengthen the copper tube by 
slipping over it a sleeve pipe of iron, which fitted tightly and gave the 
necessary strength to resist bending or breaking. Thus protected, the 
copper tube could not break or crumble away, but it was soon found 
that it tended to close up until only a very small amount of gas could 
pass through it, Examination showed that the walls of the copper 
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tube had become very much thickened, and being unable to expand 
outwards, owing to the sleeve of iron, had expanded inwards until the 
bore of the tube was nearly closed. Observation with the microscope 
showed that the copper had become spongy and disintegrated through- 
out. It retained its colour, and, to a certain extent, its metallic lustre, 
but it appeared as if it had been in the fluid state, and blown up into 
a sponge by innumerable minute gas bubbles. Not only was the 
copper acted on, but the iron sleeve pipe had been reached and pene. 


| 
trated by the ammonia molecules. The iron pipe had become as brittle ( 
as hardened steel, so that it could be shattered by a blow with a i 
hammer, and showed a_ bright, silvery fracture. Under the micro- a 
scope, the iron also exhibited a spongy structure. 2 
At this time, a number of other metals and alloys were experimented a 
with, in the hope that something might be found which would resist p 
the action of ammonia at a high temperature. Nickel, silver, ol 
platinum, gold, as well as a variety of alloys, were tried, but in every af 
case the metal acquired the same spongy structure, and its strength V 
and tenacity became seriously deteriorated. | No metal we have tried 2 
is able to resist the attack of the ammonia molecule at a high tem- ha 
perature. To the already long list of the formidable properties of the col 
nitrogen atom must now be added this power of attacking and disin- sti 
tegrating the most massive and refractory of metals, not even the eq 
noble metals being proof against its assaults. con 
In the case both of the iron and the copper tubes, it was found that the 
under uniform conditions the quantity of ammonia decomposed re- met 
mained fairly constant. While the continued action of ammonia tends y 
to disintegrate the copper more and more, the greater surface thus amt 
exposed does not appear to add sensibly to the decomposition of som 
ammonia by a given mass of metal. During the whole life of the beca 
protected copper tube (about 150 hours), the amount of ammonia eXar 
decomposed did not vary much from 1 gram per minute. . On the total in w 
life of 150 hours, this amounted to 9000 grams, This quantity of nicr 
ammonia was many times the weight of the copper which decomposed had 
it. It was evident, therefore, that the amount of ammonia decomposed estin 
was not in any way limited to what would be required to form 4 then 
nitride or a hydride of copper. Examination of the decomposed gases that 
showed that, on the average, the nitrogen and hydrogen were present and ¢ 
in the proportion of 1:3 by volume. On the other hand, the appear In th 
ance of the metals after exposure to ammonia clearly indicated that of the 
the melting point of the metal had been lowered by the action, and, 


therefore, that chemical combination between the metal and one or 
other of the gases had taken place at some stage in the operation. To 
produce a spongy mass, the metal must have been, at any rate, ins 
plastic or semi-fluid condition, but the structure rather suggested that 
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the metal had been suddenly cooled while in the act of boiling, bubbles 
in every stage of formation and bursting being fixed in the solidified 
metal. A spongy state may be produced in a material which is 
merely plastic, but this appearance of boiling could only be found in a 
material which had been fairly fluid. The temperature of the experi- 
ment was far below the melting point of copper or iron, therefore at 
some stage in the operation a more fusible compound must have 
existed. As everything pointed to the continuous formation and de- 
composition of some compound of the metal with ammonia or one of 
its constituent elements, some preliminary experiments were made to 
ascertain how far combination was taking place. Rolls of fine wire 
gauze of copper and of iron were heated in a porcelain tube at 800°, 
and a current of ammonia at the rate of 6°5—7 litres per minute was 
passed through the tube for 70 minutes. The following results were 
obtained. Weight of copper gauze before treatment, 42°04 grams; 
after treatment, 43:92 grams—a gain of 1°82 grams, or 4°47 per cent, 
Weight of iron gauze before treatment, 18°87 grams; after treatment, 
20°02 grams—a gain of 1:15 grams, or 6°09 per cent. The iron gauze 
had become so brittle that it could not be bent without breaking. Its 
colour was bright silvery-grey, and, under the microscope the spongy 
structure was very well marked. The copper gauze had become 
equally brittle. Its colour was a bright pink, and its surface was so 
completely disintegrated that metallic lustre had disappeared. Under 
the microscope, the bubble structure was very obvious. With both 
metals, the diameter of the wires had increased two or three times. 

As already stated, a number of other metals were exposed to 
ammonia at a red heat. Although the energy of the action varied to 
some extent, all without exception were attacked in the same way, and 
became spongy and disintegrated. Even in the case of those metals, for 
example, gold and platinum, which did not show any obvious increase 
in weight through absorption of nitrogen, the appearance under the 
microscope was the same, and indicated that the action of ammonia 
had produced a certain degree of fluidity, This was shown in an inter- 
esting way when wires of different metals were twisted together and 
then heated in a current of ammonia, In many cases it was found 
that these metals had flowed together; thus, iron and copper, iron 
and gold, gold and platinum, gold and silver, became fused together. 
In the case of iron and gold, the gold sometimes flowed over the surface 
of the iron, forming a complete plating. 

Up to this point, the investigation of this matter had been prosecuted 
mainly with the object of finding a suitable material for making tubes 
to resist the action of ammonia at a red heat. Two years ago, the 
authors began a more systematic examination of the behaviour of 
various metals under the action of ammonia, The scope of the inves- 
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tigation was not restricted to the study of the chemistry of certain 


| 
nitrides, but was intended to cover the physical as well as the chemical 
action of gases on metals at high temperatures. The remarkably 
energetic action of ammonia on all metals at a high temperature, and d 
the interesting physical changes in the metals brought about by this 
action, very naturally suggest that this particular case of the mutual fi 
action of gases and metals may supply a key to the study of the whole 0 
subject. It is not possible to examine the specimens of various metals 
which have been subjected to this action without being impressed with - 
this view of the phenomenon and its probable bearing on the whole - 
question of the occlusion of gases by metals, and the permeability of ist 
metals by gases. pe 
The general method of experiment followed has been to pass a pe 
current of dry ammonia gas over the metals in the form of rod, wire, ™ 
sheet, or foil, or sometimes ina fine state of division. The metals $ 
were placed in a porcelain tube, glazed inside and outside, and heated dir 
in a gas furnace to varying degrees of redness. The temperature was the 
determined sometimes by the melting of pure salts and sometimes by hig. 
a Le Chatelier thermo-junction. In the experiments carried out at plac 
| temperatures below 500°, the tubes containing the metal were heated in d 
| in a Meyer air-oven. As a general rule, a very rapid current of toh 
ammonia was passed through the tube, since experience showed that it U 
was desirable that the gas should be present in large excess. After — 
each experiment, the specimen of metal was left to cool in a current of as tt 
ammonia before removal from the tube. Preliminary experiments into 
proved that little or no decomposition of the ammonia resulted from extre 
passing the gas through a glazed porcelain tube 50 cm. in length and and 
12-5 mm. in internal diameter, even at a temperature of 850°. Many tallin 
series of experiments were carried out in which the conditions were refer 
varied with respect to the state of aggregation of the metal, the ments 
velocity of the current of ammonia, the temperature to which the wane 
metal was heated, and the duration of the experiment. The results of _ ; 
the numerous experiments are summarised in the following para- — 
graphs. hicly 
Tron. format 
In January last, Mr. G. J. Fowler published an exhaustive paper on a 
the formation of iron nitride by the action of ammonia on finely (850 
divided, freshly reduced iron (this vol., p. 285). Our independent con- temper 
clusions as to the formation and decomposition of iron or coppeT @ de 
nitride (arrived at nearly ten years ago as a result of working on al upon th 
industrial scale), namely, that formation of the nitride occurs in presence 
of excess of ammonia molecules, whilst decomposition takes place when ged 


hydrogen molecules are present in excess, are completely confirmed by 
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Fowler’s experiments with iron. We do not, therefore, propose to 
publish results which are simply a repetition of his, but as the con- 
ditions under which many of our experiments were carried on were 
different, we give a summary of our conclusions. 

In the experiments upon iron, the metal was used in the form of 
fine gauze, wires of different thickness, or rods. The general results 
of a large number of trials under varying conditions were as follows. 

When iron in the compact state is heated in a current of ammonia 
under the necessary conditions, it is more or less completely converted 
into a nitride of iron of the formula Fe,N,,* which possesses character- 
istic properties of its own. A nitride of this formula contains 11°13 
per cent. of nitrogen. We obtained products containing up to 10°59 
per cent. of nitrogen, although, if the conditions were not favourable, 
smaller proportions of the nitride were formed. 

The essential conditions for the formation of nitride of iron by the 
direct action of ammonia on iron in the compact state are, first, 
the presence of ammonia in large excess, and second, a sufficiently 
high temperature. If these conditions are satisfied, the action takes 
place with remarkable rapidity. An iron rod one-quarter of an inch 
in diameter was penetrated to the centre in 30 minutes when heated 
to bright redness in a rapid current of ammonia. 

Unless care is taken to ensure the presence of a large excess of 
ammonia, very little or absolutely none of the nitride is obtained, but 
at the same time, the ammonia is more or less completely decomposed 
into its elements and the physical properties of the iron undergo an 
extraordinary change. It becomes highly lustrous and very brittle, 
and when examined under the microscope exhibits no trace of crys- 
talline structure, but only the porous or spongy structure already 
referred to. It is evident that, under the conditions of our experi- 
ments, nitride of iron is not stable except in presence of excess of 
ammonia, and that the great alteration in the structure of the iron, 
even when no nitrogen is permanently fixed, is due to the continuous 
formation and decomposition of the nitride. 

Nitride of iron can be produced from the compact metal within a 
fairly wide range of temperature. According to our experiments, the 
formation of the nitride begins somewhat below 450°, although the 
action is very slow at that temperature, and the nitride can also be 
produced at the highest temperature attainable in our furnace 
(850—900°). There is, however, no reason to suppose that the latter 
temperature represents the highest limit at which the formation of 
litride is possible. The most favourable temperature depends largely 
upon the state of aggregation of the iron, and particularly upon the 


* The formation of this nitride was first established by Stahlschmidt (Ann, 
Phys, Chem., 1864, [ii], 125, 37). 
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surface exposed to the action of the ammonia. Thus, using a fine wire 
of 0°3 mm. diameter, the action proceeded most rapidly, and the largest 
proportion of nitride was obtained at a temperature somewhat below 
650°, but when thicker wires or rods were used the most suitable 
temperature was found to be 800—850°. 

As regards the properties of nitride of iron, our results generally 
corroborate those of Fowler. The nitride is very readily soluble in 
dilute hydrochloric or sulphuric acids, and it was proved by analysis 
that the whole of the nitrogen is then liberated in the form of 
ammonia, When heated to redness in a current of hydrogen, it is 
completely decomposed into iron and ammonia, and it is also decom- 
posed when exposed to the action of steam at a red heat. It can, 
however, be heated to a high temperature in a current of ammonia 
without undergoing any change. Iron gauze or wire, when converted 
into nitride, acquires a silvery-grey colour and retains its external 
form, but the surface is penetrated by innumerable cracks and acquires a 
peculiar, “ blistered ” appearance, whilst in the case of the thicker wires 
the surface is also dotted over with crater-like openings with raised 
edges, as if bubbles of gas had forced their way through a fused or 
semi-fused mass. The product is so brittle that it can easily be 
broken into fragments with the fingers, and crushed to powder in a 
mortar. Under the microscope, the powder appears to consist of 
aggregates of lustrous, silvery particles, more or less spherical in form, 
which evidently had solidified from a fused, or at least pasty, state. 
When experiments with thick wiresor rods were interrupted after passing 
the ammonia for short periods, a core of unaltered iron remained, 
whilst the outermost part was wholly converted into nitride. 

Pure iron is rendered hard and brittle like steel by the absorption of 
small quantities of nitrogen. Tubes of malleable iron, after exposure for 
7 days to the action of ammonia at 800°, became'so brittle that they could 
be broken like porcelain by a blow with a hammer, and a rod of 
charcoal iron was made so hard that it could be used as a drill. It 
appears not improbable, in the authors’ opinion, that some at least 
of the effects on the structure and properties of iron and steel which 
are at present-attributed to other elements may in reality be due to 
the presence of traces of nitrogen. 

The conflicting statements of earlier observers regarding the action 
of ammonia on iron at high temperatures can be reconciled if it is 
remembered, first, that although the physical properties of the metal are 
altered, no nitride is permanently formed unless the necessary condi- 
tions are observed; and second, that the proportion of the metal 
converted into nitride in a given time is dependent on the state of 
aggregation of the iron, as well as on the temperature and the 
quantity of ammonia present. 
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Cobalt. 


In preparing cobalt nitride, we used the metal in the form of the 
powder obtained by reducing pure oxide of cobalt with ‘hydrogen. 
When heated at a high temperature in ammonia, cobalt behaved 
similarly to iron as regards the decomposition of the ammonia into its 
elements, but no nitride wasformed. At a temperature of about 500°, 
a slight increase in the weight of the metal was noted, and at a some- 
what lower temperature the metal combined slowly with nitrogen 
until finally a product containing 10°33 per cent. of nitrogen was ob- 
tained. A nitride of cobalt of the formula Co,N, contains 10°63 per 
cent. of nitrogen, hence the conversion of the cobalt into nitride was 
practically complete. The formation of nitride of cobalt can only 
proceed within ‘much ‘narrower limits of temperature than that of 
nitride of iron, even ‘when, as in all our experiments, ammonia is 
present in large excess. Thus, for example, a sample of cobalt which 
gained in weight slowly when heated in ammonia at 500°, lost again 
when the temperature was raised to 600°; The most favourable tem- 
perature for starting the formation of the nitride appears to be about 
470°; once the absorption of nitrogen has begun, the temperature may 
with advantage be lowered somewhat below this point. 

Nitride of cobalt was obtained as a dull greyish-black powder, 
Under the microscope, the particles of powder are seen to be composed 
of aggregations of minute particles which are all more or less lustrous 
and to some extent spherical in form, as if they had been at any rate 
in a semi-fluid condition. The nitride dissolves rapidly and completely 
in dilute hydrochloric and sulphuric acids with formation of a cobalt- 
ous salt, and analysis showed that all the nitrogen is set free as 
ammonia. It is completely decomposed when heated to redness in 
hydrogen, the nitrogen ,being eliminated as ammonia, and it is also 
decomposed, slowly but completely, when heated in a current of steam. 


Nickel. 


In some of our experiments, the nickel was used in the form of wire 
2mm. in diameter. When the wire was heated in ammonia at a high 
temperature (800—850°), no increase in weight was noted, but the 
ammonia was, to a large extent, decomposed into its elements, and the 
appearance of the metal was greatly altered. The surface became 
quite dull at first, and was soon penetrated by an irregular network of 
cracks, and the metal became quite brittle. When the temperature 
was lowered to about 600°, the metal began to gain in weight slowly, 
and after several hours’ heating in a rapid current of ammonia, an in- 
crease of 5 per cent. in weight was attained, By dissolving some of the 
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product in dilute sulphuric acid, and estimating the ammonia liberated, 
it was proved that this increase was due to the formation of nitride of 
nickel. After this treatment, the surface of the wire was found to be 
penetrated by cracks and fissures, spreading in all directions, and the 
metallic lustre had quite disappeared. Under the microscope, the 
product was seen to be composed of minute, closely adhering particles, 
which were silvery in appearance, and all more or less spherical 
in form. Nitride of nickel, apparently, cannot be obtained at temper- 
atures much above 600°; at about 550°, it is produced fairly rapidly, 
but it is of advantage to lower the temperature somewhat once the 
process has started. Little orno nitride is obtained below 400°. 

As in the case of iron, the essential conditions for the formation of 
nitride of nickel are the presence of ammonia in excess and a suitable 
temperature ; under other conditions, no nitrogen is permanently fixed 
by the metal, but the ammonia is largely decomposed, and the 
properties of the metal are profoundly modified, owing to the con- 
tinuous formation and decomposition of the nitride. The range of 
temperature within which nitride of nickel can be formed appears to 
be much narrower than in the case of iron, but, on the whole, there is 
great similarity in the behaviour of the two metals when exposed to 
the action of ammonia at high temperatures. 

In order to prepare nickel nitride, finely divided nickel, obtained by 
reduction of the oxide with hydrogen, was heated in ammonia at 
about 500°. The metal gained in weight steadily but slowly until 
a product was obtained which, on analysis, was found to contain 75 
per cent. of nitrogen. In none of our experiments was the metal 
induced to combine with a higher proportion of nitrogen than this. 
The formula Ni,N requires 7°36 per cent., and the formula Ni,N,, 
8°74 per cent. of nitrogen, and hence it appears that the nitride of 
nickel obtained in our experiments differs in composition from the 
nitrides of cobalt and iron. It was produced as a dull black powder, 
which was shown by the microscope to consist of aggregates of very 
minute, roughly spherical particles adhering closely together. It is 
readily soluble in dilute hydrochloric and sulphuric acids, and resembles 
the nitrides of cobalt and iron in its behaviour when heated in hydrogen 
and in steam. 


Copper. 

Copper, like iron, is very sensitive to the action of ammonia at high 
temperatures, and there is considerable similarity in the behaviour of 
the two metals.* If the ammonia is in large excess, the copper is col 
verted, at least partially, into a nitride, which, however, is only stable 


* The statements of earlier observers regarding the action of ammonia 
copper at high temperatures are yery contradictory. 
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under definite conditions, and is readily decomposed into its elements. 
Hence no nitride is formed when copper is heated in ammonia unless a 
large excess of the latter is present, but on the other hand, thé am- 
monia is decomposed into hydrogen and nitrogen (although the amount 
of the decomposition is only about one-third of that effected by iron 
under similar conditions), and the metal suffers a very marked change 
in its physical properties. It loses most of its metallic lustre, acquires 
a pink colour, develops much the same spongy structure as has been 
described in the case of iron, and becomes extremely brittle. Examina- 
tion with the microscope leads to the conclusion that the metal has 
been in at least a semi-fluid state, and has been rendered porous and 
spongy by the escape of numerous minute bubbles of gas. The am- 
monia penetrates into the metal very quickly. For example, a copper 
rod, one-quarter of an inch in diameter, was attacked through to the 
centre when heated in a current of ammonia for 30 minutes. But 
disintegration of the metal goes on almost indefinitely. Copper 
exposed to the action of ammonia for seven days at 800° became 
reduced to a fine, spongy powder. 

In our experiments, the metal was used in the form of gauze, wire, 
foil, and rod. The maximum quantity of nitrogen fixed in any experi- 
ment was 4:5 per cent. A nitride of copper of the formula Cu,N 
contains 6°86 per cent. of nitrogen. The nitride is very easily decom- 
posed by heating in hydrogen, and apparentiy can only exist within a 


: comparatively narrow range of temperature. The change in the 
al physical properties of the metal, even when no nitrogen is retained by 


it, is no doubt to be attributed in this case also to formation and de- 
composition of the nitride. 


Silver, Gold, and Platinum. 


In our experiments with silver, gold, and platinum, the métals were 
tsed both in the form of wire and in the spongy state. They were 
heated in ammonia at temperatures varying from 400° up to nearly 
900°, but in no case was the formation of a nitride indicated by any. 
inctease in the weight of the metal, however rapid the stream of aut- 
honia through the tube. In every instance, however, the ammonia 
iuffered decomposition into its elements, although to a far smaller 
extent than with the metals of the iron group, and the physical pro- 
erties of the metals were altered, to some extent in all cases, and very 


markedly in the experiments conducted at temperatures from 750° 
ipwards, * 


* “ Ammoniacal gas is scarcely acted on in an ignited porcelain tube when clean 
udempty, but more readily when it contains fragments of porcelain ; with still 
pater facility when it contains platinum, silver, or gold wires more easily still 
hen it contains copper wire, and most quickly and completely when iron wire is 
VOL, LXX1x, 4R 
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When heated in ammonia at 800°, the polished surface of fine 
silver wire acquired a “‘ frosted’’ appearance, and when examined with 
the microscope the wire was found to be covered all over with minute 
rounded blisters or bubbles, while there was also very distinct evidence 
of “spitting.” The elasticity of the metal was also very greatly 


reduced. 


fa a ae 


Gold wire was also greatly changed in appearance by exposure to 
the action of ammonia at 800°. The colour was changed, and the 
entire surface of the wire was seen under the microscope to be closely 
covered with small blisters or protuberances which appeared to have 
solidified after partial fusion. When precipitated gold was similarly 
heated in ammonia, the brown masses shrank together and became 
much more compact, the colour changed to light yellow, and metallic al 
lustre made its appearance. The microscope showed that the product ha 
was composed of roughly spherical particles which adhered closely, to 
When a current of ammonia was passed at the rate of 2 litres per In 
hour over gold heated at 800°, fully 10 per cent. of the gas was sin 
decomposed. has 
When platinum wire was heated in ammonia at 800°, the surface of Tt 
the metal became duller, less lustrous, and showed a more or less deti 
blistered appearance under the microscope. In most cases, a fine, gen 
black deposit was formed on the surface of the metal. The deposit was ) 
sometimes closely, sometimes loosely, adherent, but could be rubbed of tem 
easily with filter paper or cotton wool. On examination, it was found or ¢ 
to be nothing but platinum black, which clearly had been formed by no r 
disintegration of the surface of the compact metal. When a rapid alter 
current of ammonia was passed over platinum wire heated at 800°, @ cond 
the gas was decomposed to the extent of about 8 per cent. Meta 
The ‘elasticity of both gold and platinum, like that of silver, is § nitri 
reduced to an enormous extent by exposure to a current of ammonia § itis ; 
at high temperatures, and the resistance of each metal to the passage for a 
of an electric current is perceptibly increased. minut 
Comparison of our experiments on silver, gold, and platinum with ' all 
those on the metals of the iron group and on copper, leads to the cot deterr 
clusion that the very marked change in the physical character of the Peratu 
former metals, which is produced by the action of ammonia on thet! be obt; 
at high temperatures, is likewise due to the formation of metalli¢] peraty 
nitrides, which, however, are quite unstable, even in presence of a great decom, 


excess of ammonia, and therefore readily decompose into metal and 
nitrogen. The continuous formation and decomposition of the 
nitrides would, of course, account for the observed disintegration ° 


introduced, These metals, for the most part, do not undergo any observable alters 
tion in weight ; but copper and iron become brittle, while gold and platinum rem 
perfectly unchanged.” —GMELIN, Handbook of Chemistry, vol. II., p. 421. 
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the metals under the attack of strongly heated ammonia. The 
instability of these nitrides probably arises from their temperatures of 
formation and decomposition lying close ‘together. It seems not im- 
probable that the formation of spongy deposits on the outside of 
platinum crucibles heated by Bunsen burners, as well as the disinteg- 
ration of the platinum wires of pyrometers exposed to furnace gases, 
may, sometimes at least, be accounted for by the presence of traces of 
ammonia in the furnace gases. 


Conclusions. 


A number of other metals, including aluminium, zinc, tin, and lead, 
and many different alloys, for example, brass and aluminium bronze, 
have also been examined with regard to their behaviour when subjected 
to the action of ammonia at temperatures below their melting points. 
In every case, changes in the physical structure of the metals and alloys 
similar to those already described have been observed, and the ammonia 
has been decomposed to a varying extent into nitrogen and hydrogen. 
It would be tedious and unprofitable to describe our experiments in 
detail ; suffice it to say that they all tend to confirm the following 
general conclusions at which we have arrived. 

Metals in general, when exposed to the action of ammonia at high 


| off temperatures, are either converted into nitrides—wholly or partially— 
und or else profoundly changed in their physical properties, even although 
1 by no nitrogen is permanently fixed by the metal. The changes include 
apid alterations in the colour, lustre, tenacity, elasticity, and electrical 


conductivity of the metals, and are caused by the disintegration of the 
metal due to the continuous formation and decomposition of unstable 
nitrides. When the altered metals are examined under the microscope, 
it is seen that these nitrides must be more fusible than the metals, 
for a characteristic spongy structure, due to the escape of innumerable 
minute bubbles of gas from a molten or pasty mass, is clearly visible 


with/® mall cases. The maximum absorption of nitrogen by each metal is 
, cot determined by (1) the state of aggregation of the metal, (2) the tem- 
of the Perature, (3) the excess of ammonia, (4) the time. Nitrides can hardly 


be obtained by the direct action of ammonia on metals at high tem- 


etallic#® peratures unless an excess of ammonia is present, since all are-easily 

, great decomposed into metal and nitrogen by heating in hydrogen. 

a} and If we follow the action closely, for example, in the case of copper, 
thes it appears probable that it begins by the ammonia molecules attacking 


the surface molecules of the metal and forming a fusible nitride. If 
a plentiful excess of ammonia molecules are present to overpower the 
hydrogen molecules which result from the decomposition of the 
ammonia, a theoretical absorption of nitrogen takes place. But the 
4 R2 
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nitride which is formed, being fusible at the temperature of formation, 
penetrates into the copper, and the further action tends to take place 
at some distance from the surface, where the ammonia molecules are 
fewer, and the hydrogen molecules are relatively more numerous. At 
a certain distance from the surface, a point will be reached at which 
the ammonia and the hydrogen molecules so exactly balance each 
other that no nitrogen is absorbed, or rather that, as soon as a 
molecule of nitride is formed, it will be immediately decomposed with 
evolution of nitrogen. The hydrogen fesulting from the decomposition 
of the ammonia, together with the nitrogen from the decomposition of 
the nitride, force their way to the surface of the fluid nitride, causing 
the appearance of boiling—the particular structure which is found 
in all metals which have been acted on by ammonia. 


It is clear that some such explanation as this is necessary if we are 8 
to account for the continuous and practically constant decomposition 0! 
which takes place at a given metallic surface, and for the disintegration 8 
of the metal itself. We hope to extend our investigations on the fo 
action of gases on metals in the near future. po 
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By Gzorcz GERALD Henprrson and Ropert Henry CorstorPuixe, B.&. By 

In the course of his researches on the synthesis of pentacarbon rings, acid. ¢ 
Japp has shown that benzil and acetone unite, in presence of a swall , 

quantity of aqueous caustic potash, to form the aldol condensation _ 

ere 


product acetonebenzil, COPh*CPh(OH)-CH,*CO-CH,, and that when 
acetonebenzil is treated with an excess of the same reagent, it is cor 
verted, by elimination of the elements of water, into anhydracetoné 
benzil (Japp and Miller, Trans., 1885, 4'7, 21; Japp and Burton, 
Trans., 1887, 51, 420; Japp and Lander, Trans., 1897, '71, 123). Japp 
ultimately came to the conclusion that anhydracetonebenzil is a closed 
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chain compound, namely, a diphenyleyclopentenolone of the formula 
CPh CBS 00 Bre 
CPh(OH)-CH, , and on substituting dibenzyl ketone for acetone, 
we obtained results which support this view. 

Benzil condenses readily with dibenzyl ketone in presence of aqueous 
caustic potash, yielding a substance of the formula C,.H,,.0,, which, 
from its general character, appears to be a tetraphenyleyclopentenolone, 
a derivative of 1:2:4:5-tetraphenyleyclopentene. The reaction may 
be represented by the equation : 


GOPh | OH,Ph.. _ (Ph=———=0Ph, 
CoPh + CH,Ph7©° = Cph(oH)-CHPh7 °C? + 4:0. 


An aldol condensation product is doubtless formed in the first in- 
stance, but we did not succeed in isolating it, although the conditions 
of the reaction were variously modified with that object in view. The 
general behaviour of the new compound is in accordance with the 
formula given above, the chief point of difference being that the com- 
pound does not combine additively with bromine to form a dibromide, 
as might be expected from its constitution, but yields a very un- 
stable substitution derivative. On the other hand, it responds to 
Baeyer’s test for non-saturation, as it rapidly changes the colour of a 
solution of potassium permanganate in the cold in presence of excess 
of sodium carbonate. The existence of a hydroxyl group in the com- 
pound is proved by the formation of an acetyl derivative, as also by 
the action of phosphorus pentachloride and of alcoholic hydrogen 
chloride on it, when an unstable chlorine derivative of tetraphenyl- 
cyclopentenone is obtained in each case by replacement of the hydroxyl 
group. The compound yields a crystalline owime, and, although it does 
not react readily with phenylhydrazine itself, a hydrazone was prepared 
by heating it in alcoholic solution with p-bromophenylhydrazine, 
When cautiously oxidised with chromium trioxide in acetic acid solution, 
it yields benzoic acid and a neutral crystalline compound, C,,H,,O,, 

' , ‘ .. CPh:O-COPh 
Which possibly may be isobenzil, GPh: O-COPh’ 
By partial reduction of diphenyleyclopentenolone with hydriodic 


- CPh:CH, é : 
acid, diphenyleyclopentenone, CPh:CH >CO, is obtained (Japp and 
2 


Burton, Joc. cit.), but tetraphenyleyclopentenolone behaves somewhat 

differently with reducing agents, and does not give the expected 
CPh CPh 

tetraphenylcyclopentenone, OHPh:-CHPh> Co: When it is heated 

under atmospheric pressure with hydriodic acid and red phosphorus, 

it gives a crystalline compound of the formula C,,H,,0, which appar- 

ently does not contain a carbonyl group, as it could not be induced to 
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form either an oxime or a hydrazone. On the other hand, the compound fin: 
yields an acetyl derivative, and it also reacts readily with phosphorus res 
pentachloride and with alcoholic hydrogen chloride, giving in each case 
the same chlorotetraphenylcyclopentene, C,,H,,Cl; the presence of a 
hydroxy] group in the compound is thus proved. With bromine, it gives, 
not an additive product, but a bromine derivative, C,.H,.Br-OH ; on the d 
other hand, it quickly reduces potassium permanganate in presence of = 
sodium carbonate, and hence appears to be unsaturated. We there- fort 
fore conclude that this reduction product must be a tetraphenylcyclo- 
pentenol, of which the formula must be either vi (0H): pice or 
more probably, Seon on PE OH OH. a 
When tetraphenyleyclopentenol is heated, under pressure, with solu 
hydriodic acid and red phosphorus at 170—180°, it undergoes further spar 
reduction, and a mixture of two hydrocarbons is obtained. One of dissc 
these has the formula C,,H,,, and is in all probability 1 : 2:4 :5-tetra- beau 
phenylcyclopentene, ae nay The other hydrocarbon is rad i 
apparently identical with the 1:2:4:5-tetraphenyleyc/opentane, 8 sol 
apenas obtained by Wislicenus and Carpenter by the te 
. ‘ CPh(OH)-CHPh : quick 
reduction of the pinacone, &Ph (OH): OHPE Cn which they pre- Th 
pared from dibenzoyldiphenylpropane (Annalen, 1898, 208, 223). The pheny 
formation of the latter hydrocarbon justifies the view that the substance tities 
obtained by condensing benzil with dibenzyl ketone is a closed chain to dry 
compound containing a pentacarbon ring. tallisi, 
plates 
EXPERIMENTAL. follow 
Tetraphenyleyclopentenolone. 0:28 
A mixture of 50 grams of benzil, 50 grams of dibenzyl ketone, and 
100 c.c. of 33 per cent. aqueous caustic potash was heated gently on 4 Tetr 
water-bath, the contents of the flask being frequently mixed by vigorous hydraz 
shaking. After about half an hour’s heating, the melted layer which heated 
floated upon the top of the aqueous solution began to solidify; when when t, 
the whole had turned solid, the alkaline liquid was poured off, and Was pr 
the mass ground up in a mortar and then washed with water until 100° fo 
quite free from caustic potash. ‘The crude product was dark in colour, crystal] 
and even after repeated crystallisation from alcohol the crystals still was not 
retained a purple coloration, Part of the colouring matter Ww @@ hydrazj 
removed by washing the product with a little benzene, and the # solution 
last trace got rid of by several erystallisations from benzene tyclopen 


ee 2 Feo eerorarFr™ 
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finally from alcohol. The yield was very satisfactory. The following 
results were obtained on analysis of the purified crystals ; 


02166 gave 0°6854 CO, and 0°1128 H,O. C=86:19; H=5-78. 
C,,H,,.0, requires C= 86:56 ; H=5°47 per cent. 


A cryoscopic determination of the molecular weight, benzene being 
used as solvent, gave a result in accordance with the foregoing 
formula. 


Wt. of Wt. of CopH 9, 
substance, solvent. Depression. Mol. wt. mol. wt. 


0°1822 18°875 0°12° 394 402 


Tetraphenyleyclopentenolone crystallises from alcohol in clusters of 
long, colourless, lustrous prisms which melt at 208°. It is readily 
soluble in benzene, and fairly readily in boiling alcohol, but only 
sparingly so in ether, and is almost insoluble in light petroleum. It 
dissolves in cold concentrated sulphuric acid, giving a solution of a 
beautiful, intense violet colour which quickly changes to red; from 
this solution, even after heating, it is precipitated by water un- 
changed, except that it is now coloured purplish-red. When a drop of 
a solution of potassium permanganate is added to an alcoholic solution 
of tetraphenyleyclopentenolone previously mixed with a few drops of 
aqueous sodium carbonate, the colour of the permanganate is very 
quickly discharged. 

The owime, C.>H,.O:N-OH, was prepared by gently heating tetra- 
phenyleycopentenolone in alcoholic solution with the calculated quan- 
tities of hydroxylamine hydrochloride and sodium acetate, evaporating 
to dryness, extracting with ether, evaporating the ether, and recrys- 
tallising the product from alcohol. It crystallises in small, colourless 
plates which melt at 167° and are fairly easily soluble in alcohol, The 
following result was obtained on analysis : 


0:2863 gave 8°6 c.c. moist nitrogen at 21°and 766mm, N=3'53, 
C.,H,,0,.N requires N=3°35 per cent. 


Tetraphenylcyclopentenolone does not react readily with phenyl- 
hydrazine. When an alcoholic solution of the two substances was 
heated for some time under a reflux condenser, no change took place ; 
when the solution was heated in a sealed tube at 150°, a tarry mass 
was produced ; and when a methyl alcoholic solution was heated at 
100° for several hours in a pressure bottle, a small quantity of a yellow, 
crystalline substance was obtained which contained no nitrogen and 
was not further examined. However, by substituting p-bromophenyl- 
hydrazine for phenylhydrazine, the desired result was obtained. A 
solution in methyl alcohol of the calculated quantities of tetraphenyl- 
tyclopentenolone and p-bromophenylhydrazine was heated at 100° 
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in a pressure bottle for some hours, the solution filtered and 


evaporated, and the residue crystallised several times from alcohol, of 
The p-bromophenylhydrazone, C,,.H,,0.N,H*C,H,Br, was thus obtained es 
in the form of short, colourless prisms, which were fairly readily 
soluble in alcohol: it melted at 168—169°. The following results ste 
were obtained on analysis : ad 
0°2338 gave 0°6286 CO, and 01015 H,O. C=73:32; H=4:82, gla 
0:2653 ,, 00870 AgBr. Br=13°95. Th 
C,;H,,ON,Br requires C=73'55 ; H=4-73 ; Br=14-01 per cent, 
solt 
The acetyl derivative of tetraphenylcyclopentenolone was obtained ren 
by boiling it with excess of acetic anhydride for some hours, pouring filtr 
the mixture into water, neutralising the acid with sodium carbonate, on ¢ 
and extracting with benzene. On evaporation of the benzene, it reco 
separated in prisms of a dark reddish-purple colour, Repeated crys- was 
tallisation from benzene, alcohol, and.other solvents failed to remove colo 
the last traces of the colouring matter, but the crystals, although in ¢ 
coloured, melted sharply at 218°, and the melting point was not 80 in 
altered by recrystallisation, The substance is easily soluble in 
benzene, but only sparingly soin alcohol. The following results were 4 
obtained on analysis : 0" 
0:2408 gave 0°7388 CO, and 0:1132 H,O. C=83°67; H=5:-22. i 
C,,H,,0, requires C= 83°78 ; H=5:41 per cent. Se 
Action of Bromine, Phosphorus Pentachloride, and Alcoholie Hydrogen foreg 
Chloride on Tetraphenyleyclopentenolone.—When ‘solutions of tetra- 
phenylcyclopentenolone (5 grams) and of bromine (2 grams) in chloro- 
form, all carefully dried, were mixed, hydrogen bromide was slowly 
evolved. The mixture was left under a bell jar along with a dish The 
containing soda-lime until the reaction was completed, and on subse @ gemb), 
quent evaporation of the chloroform, small, dark red crystals were @ (ph. 
deposited. By recrystallisation from a mixture of benzene and light CPh-0 
petroleum, the substance was obtained in colourless crystals, which Ber., 1 
were found to contain bromine, but no satisfactory analysis could be Whe 
made because it is very unstable, decomposing at the ordinary tem- @ yt), ¢} 
perature with evolution of hydrogen bromide. Such results as were only pi 
obtained indicated that the substance was probably a monobromo @ yp... , 
derivative of tetraphenylcyclopentenolone. bypobr 
A colourless, crystalline product containing chlorine was formed by 
gently warming tetraphenyleyclopentenolone with phosphorus pente- 
chloride, but it could not be purified for analysis on account of the 
readiness with which it decomposed. The same substance, or at least A mi: 
one which possessed the same appearance and properties, was produced red pho; 


by the action of alcoholic hydrogen chloride upon tetraphenyleyclopent 
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enolone. This unstable compound was probably a monochloro-derivative 
of tetraphenyleyclopentenone, judging from the results of approximate 
estimations of the chlorine contained in it. 

Oxidation of Tetraphenyleyclopentenolone.—Oxidation proceeded 
steadily when an acetic acid solution of chromium trioxide was slowly 
added to a concentrated solution of tetraphenyleyclopentenolone in 
glacial acetic acid, the mixture being kept cold during the process. 
The mixture was then poured into water, and the solid which separated 
was collected on a filter, washed with water, and finally warmed with a 
solution of sodium carbonate. A portion went into solution, but part 
remained undissolved in the sodium carbonate, and was removed by 
filtration. The alkaline solution was acidified and extracted with ether ; 
on evaporation of the ether, crystals were deposited which were easily 
recognised as benzoic acid. The residue, insoluble in sodium carbonate, 
was crystallised from benzene, from which it separated in the form of 
colourless crystals melting at 164—-165°. The substance, which is neutral 
in character, is readily soluble in benzene, but only very sparingly 
80 in alcohol. The following results were obtained on analysis: 


0:2049 gave 0°6035 CO, and 0:0877 H,O. C=80°32; H=4°75. 
01893 ,, 05591 C0, ,, 0°0806 H,O. C=8055; H=4°73. 
C.,H..0, requires CO = 80°0 ; H=4°76 per cent. 


A determination of the molecular weight by the cryoscopic method, 
benzene being used as solvent, gave a result in conformity with the 
foregoing formula. 


Wt. of Wt. of CogH 0, 
substance. solvent, Depression. Mol. wt. mol. wt, 


01571 13°612 0°14° 404 420 


The only substance of the formula C,,H,,O, which in any way re- 
sembles in physical properties the substance described above is isobenzil, 
on f which th lti t is stated to be 159° (Klinger: 
(Ph: copn’ of Which the me ing point is stated to be (Klinger, 
Ber., 1891, 24, 1265). 

When tetraphenyleyclopentenolone was heated on the water-bath 
with chromium trioxide, glacial acetic acid being used as solvent, the 
only product which could be detected was benzoic acid. Attempts 
were also made to oxidise tetraphenyleyclopentenolone with sodium 
hypobromite, but these were unsuccessful, no change taking place. 


is it ad 
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Tetraphenyleyclopentenol. 


A mixture of 10 grams of tetraphenylcyclopentenolone, 15 grams of 
td phosphorus, and 60 c.c. of aqueous hydriodic acid (b. p. 126°) was 
boiled under a reflux condenser for 3 hours, After cooling, the acid 
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solution was poured off and the solid residue was ground in a mortar, 


anc 
thoroughly washed with water, and dried. The crude product was ins 
dissolved in benzene, and the solution agitated successively with ver" 
aqueous sulphurous acid, aqueous sodium carbonate, and water, and foll 
then dried with calcium chloride. On concentration, nearly colourless 
crystals were obtained, the dark colouring matter present in the crude 0 
product being readily soluble in benzene. The substance, after puri- 0 
fication by recrystallising several times from alcohol, afforded the 
following results on analysis : A 
0°2003 gave 0°6605 CO, and 0°1069 H,O. C=89°93; H=5:92. phen 
C,)H,,0 requires C=89-69 ; H=6'18 per cent. - é 
The molecular weight was determined by the cryoscopic method, e 
benzene being used as solvent. updos 
Wt. of Wt. of C.9H.,0 cease 
substance. solvent. Depression. Mol. wt. mol. wt. tallis, 
0°1537 15°223 0°13° 380 388 idsute 
From these results, and from the properties of the substance described J obtair 
below, it is seen to be éetraphenylcyclopentenol. It crystallises from §% which 
benzene, in which it is readily soluble, in colourless, lustrous needles, on 
which melt at 162°. It is sparingly soluble even in boiling alcohol, , 
and not at all readily soluble in ether. An alcoholic solution of this 
substance, rendered alkaline by the addition of a few drops of aqueous Acti 
sodium carbonate, quickly changes the colour of potassium perman- & ()jp;;, 
ganate solution. pheny] 
The same substance was obtained in a different way. Two grams & ¢hlorid 
of tetraphenylcyclopentenolone were dissolved in 10 grams of glacial J wag tr, 
acetic acid, 0°5 gram of red phosphorus and 0:25 c.c. of hydriodic acid HF (0p eva 
were added, the mixture was boiled for three hours under a reflux con- J were §;, 
denser, and finally the product was separated and purified by the & lisation 
method already described. showed 
We had expected to obtain tetraphenylcyclopentenone by reducing J crystal) 
tetraphenyleyclopentenolone with hydriodic acid, and therefore We & sluble ; 
attempted to prepare an oxime and a hydrazone from the product. J talliseg 
However, it could not be induced to react with either hydroxylamine, 168: 
phenylhydrazine, or p-bromophenylhydrazine, in whatever way the , 
conditions were modified. This fact, together with the other properties 
of the reduction product, led to the conclusion that the oxygen which When 
it contained must be present in the form of a hydroxyl group, that & chloride, 
it must be a tetraphenyleyclopentenol. obtained, 
The acetyl derivative of tetraphenyleyclopentenol was prepared by alcohol p; 
heating it with fused sodium acetate and excess of acetic anhydride HF witateg 
for some hours. The mixture was then poured into water and the ad gone 
insoluble ortion collected on a filter, washed with water, dried, HF the filtra 
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and crystallised from a mixture of benzene and alcohol. It crystallises 
in short, colourless, lustrous prisms, which melt at 181—182°. It is 
very readily soluble in benzene, but much less readily in alcohol. The 
following results were obtained on analysis : 


0:2429 gave 0°7726 CO, and 01268 H,O. C=86:72; H=5:°80. 
02236 ,, 0°7126CO, ,, 01195 H,0. C=86:91; H=5°94. 
C,,H,,0, requires C= 86:51; H=6°04 per cent. 


Action of Bromine on Tetraphenylcyclopentenol.—Five grams of tetra- 
phenyleyclopentenol were dissolved in chloroform and a solution of 
2:3 grams of bromine in chloroform was added ; the substances were 
all thoroughly dried before use. Hydrogen bromide was evolved at 
once and the reaction proceeded fairly rapidly. ‘lhe mixture was left 
under a bell jar, which also contained soda-lime, until the action had 
ceased, the chloroform was then evaporated off, and the residue recrys- 
tallised from a mixture of benzene and light petroleum. After several 
crystallisations, monobromotetraphenylcyclopentenol, C,,H,.Br-OH, was 
obtained in a state of purity. It forms colourless, prismatic crystals, 
which are easily soluble in benzene ; its melting point is 215°. 


01700 gave 00690 AgBr. Br=17-27. 
C,,H,,OBr requires Br = 16-95 per cent. 


Action of Phosphorus Pentachloride and of Alcoholic Hydrogen 
Chloride on Tetraphenylcyclopentenol—When a mixture of tetra- 
phenylcyclopentenol with the calculated quantity of phosphorus penta- 
chloride was gently! heated a vigorous action took place. The product 
was treated with water, and the insoluble portion dissolved in ether. 
On evaporation of the ether, dark red crystals were deposited, which 
were finally obtained free from colouring matter by repeated crystal- 
lisation from a mixture of benzene and light petroleum. Analysis 
showed the substance to be a monochlorotetraphenylcyclopentene. It 
qystallises in colourless prisms which melt at 181° It is freely 
soluble in benzene and fairly so in alcohol, from which it can be crys- 
tallised without decomposition. 


01685 gave 0°0599 AgCl. Cl=8°79. 
C.9H,,Cl requires Cl = 8°72 per cent. 


When tetraphenyleyclopentenol is treated with alcoholic hydrogen 
thloride, the same chlorine derivative of tetraphenyleyclopentene is 
tbtained. About a gram of tetraphenyleyclopentenol was mixed with 
ilohol previously saturated with hydrogen chloride, and the mixture 
witated at frequent intervals until the greater part of the solid 
lad gone into solution. After some hours, the solution was filtered, 


ite filtrate mixed with water, and the precipitated solid collected 
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and crystallised from alcohol. The crystals melted at 181°, and 4 
mixture of them with the substance obtained by means of phosphoras 
pentachloride melted sharply at the same temperature. 


Tetraphenyleyclopentene and Tetraphenylcyclopentane, 


Tetraphenyleyclopentenol is reduced when heated in a sealed tube 
with hydriodic acid and red phosphorus, giving a mixture of two hydro. 
carbons in varying proportions, The temperature must be carefully 
regulated in order to obtain a satisfactory result ; thus, up to 16(° 
hydriodic acid had little or no action ; at 210°, the product was a tarry 
mass, which did not invite further treatment ; at 175°, a white powder 


mixed with a little of an oil was obtained ; at a temperature of nearly. 


190° the oil was the chief product, and only a little of the white 
powder was present. 

In order to obtain both the oily product and the white powder, the 
following conditions were finally adopted. Three grams of tetra 
phenylcyclopentenol, reduced to a fine powder, were mixed with 55 
grams of red phosphorus and 30 grams of hydriodic acid (b. p. 126°, 
and the mixture was heated in a sealed tube at a temperature of about 
180° for some hours. The product, after removal of the acid liquid, 
was crushed to powder, thoroughly washed with water, dried, and then 
extracted first with boiling ether and next with boiling benzene, The 
ether dissolved all of the white powder, but only a little of the oily 
substance, which is sparingly soluble in that solvent; the benzene 
extract contained the greater part of the oily substance. Lach er- 
tract was agitated successively with aqueous sulphurous acid, aqueous 
sodiuta carbonate, and water, and then dried with calcium chloride, 
From the ethereal solution a white powder was obtained on distilling 
off the ether; this substance was purified by recrystallisation from 
ether, from which it separates as a white, crystalline powder, It 
melts with decomposition above 300°, and is easily soluble in benzene 
but only very sparingly so in alcohol. Analysis showed that it iss 
hydrocarbon of the formula C,,H,,, and in all probability the w- 
saturated compound, | : 2 : 4 : 5-tetraphenyleyclopentene. 


0:1379 gave 0:4721 CO, and 0:0806 H,O. C=93:37; H=6'49. 
C.9H,, requires C=93°55 ; H=6°45 per cent. 

On evaporation of the benzene solution, the other hydrocarbon ws 
obtained in an oily condition, but it separated in crystals from 4 
mixture of aleohol and acetone. It melts at 80:°5—81°, which is the 
melting point given by Wislicenus (Joc. cit.) for 1 : 2: 4: 5-tetrapheny! 
cyclopentane. 
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OXXXIV.—TZhe Form of Change in Organic Com- 
pounds, and the Function of the a-Meta-orrentating 
Groups. 


By Artaur Lapworts. 


Ix a paper published in the Transactions of the Society some time 
ago (Trans., 1898, '73, 445), the author showed that a very large 
number of changes and interactions in organic chemistry could be 
represented by forms, deducible from two simple types, which may 
be termed the ay- and af-rules. A critical examination of what is 
really essential to the applicability of these rules shows that the 
whole matter rests solely on the assumption that isomeric change 
is due, not to mere interchange of the position of atoms or groups 
ina molecule, but in general to a series of migrations, apparent or 
real, and that only one atom or group migrates at a time. With 
such an assumption, it is easy to show that there is no way of 
avoiding the conclusion that if the production of ring compounds is 
excluded and no change of valency occurs, the migration must be 
representable by a strict application of the ay-rule; if, on the other 
hand, change of valency does occur at any part of the molecule, 
then the af-rule must come into play at that point. It is of no 
consequence how the migration is effected, as the principle simply 
precludes a direct interchange of groups, and the representation of 
undissociated compounds by illegitimate formule. The author was 
greatly influenced by the apparent simplicity of the stereochemical 
view of the mode of transference suggested in his first paper (pp. 
48 and 452), but is no longer able to regard explanations based 
on such principles as of any real value. 

Occasion has already been taken to point out (Proc., 1901, 17, 
2) that in applying the author’s ay- and af-rules, the intermediate 
psitions which were assigned to a migratory group in its trans- 
ference must not be regarded as real resting points, but rather 
a representing the various possible positions of the group in the 
line between its initial and final positions of attachment. 

An explanation which appears capable of explaining, amongst other 
things, the very general applicability of the rules is one based on 
the assumption that change in organic chemistry is largely due to 
the occurrence of a dissociation between singly bound groups and 
wubservient to the following law ; the state of dissociation between two 
tingly bound atoms which leads to isomeric change, exists only once in 
te molecule at any instant. 

A dissociation of the character which the above conception de- 
wands is found in weak electrolytes, and, in the author’s opinion, 
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it is to electrolytic dissociation, often doubtless in extremely 
minute amount, that the majority of changes in organic compounds 
may be most probably assigned. This view, which the author has 
now held for a long time, and arrived at from a consideration of 
the prevalent forms of change, receives support in the recent ap 
pearance of the papers of Euler (Ber., 1900, 33, 3202) and of 
Zengelis (Ber., 1901, 34, 198), who, apparently from entirely differ- 
ent considerations, have been led to put forward a similar sug- 
gestion with regard, more particularly, to the hydrolysis of esters 
and sugars. 

On this principle, the simplest possible case of isomeric change may 
be imagined to consist in the dissociation of a molecule X*Y ata 


point between two singly bound atoms into two groups, X and Y, each 
of which is capable of becoming attached to one univalent atom or 
group to form an undissociated chemical molecule capable of free 


existence. The groups X and Y will, asa rule, be oppositely charged 
ions. Now the principle governing the possible modes in which 


X and Y may again become mutually attached appears to be that the 
resulting, now undissociated, molecule X*Y shall be immediately re- 
presentable by a legitimate formula through a mere adjustment of the 
conventional “ bindings.” * 

In order to avoid misconception, it must be pointed out that this 
adjustment takes place in general along an already existing line 
between the initial and final positions of mutual attachment of one 
group to another, a single binding becoming a double one, a double 
one a treble one, or vice versd, or a single binding may altogether 
disappear. The converse of the last change, namely, the formation 
of a single binding where none existed before, is probably to be found 
only in cases where the formation of ring compounds is thereby it- 
volved; even here, however, it usually appears possible to trace 
exactly similar laws. 

It should be made clear that the dissociation of X-Y may be followed, 


not by a reunion of X and y, but, in presence of other dissociated 
groups, by the union of these groups with others to form compounds 
which are not isomeric with the original substance. 

To illustrate the application of the preceding principles, a case of 
substitution, namely, the action of bromine on phenol, which appears # 


* Possibly the formation of the new compound is preceded by an actual re 
adjustment of the bindings in the molecule. Thus it is probable, for instance, thst 
a dissociated group A-B:C'D:E may change to A: B°C"D:E or A:B°C: DE, so that 
the wy- and af-rules and their stereochemical explanations may apply to the alter 
tion of the position of free affinity in the dissociated group, and these changes mY 
be successive, although no intermediate compounds are formed. 
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be fairly simple, may be considered. The bromine may be imagined to 
+ _ 
dissociate slightly into Br and Br, and the weakly acid phenol as usual 
2 = + 
into H and O-O,H,, the bromination consisting in the union of Br and 


0:C,H,, the possible products are those in which these two groups 
(otherwise preserving their original characteristics so far as the 
relative. positions of atoms contained in each are concerned) are 
mutually attached, so that by merely altering, if necessary, the bindings 
in the above-mentioned sense, a legitimate formula is at once obtained 
for the compound ©,H,OBr. This is possible at the oxygen atom, at 
the carbon atoms 2- and 4-, but not at the carbon atoms l- or 3-. The 
possible products are therefore : 


OBr O 
] Tl 
H 
H/ NH H/ ‘x, 
Hl Ja H| Ja 
\F \Z 
H H 
unless it is supposed that ring compounds such as: 


=) 


a? Ne 


we 
* NSB: 

H 
might be produced, a possibility which is sufficiently remote to require 
no further remarks. 

The law relating to dissociated groups may be stated more strictly 
than on p. 1265 as follows. Zhe ions of organic compounds usually 
possess only one point of free valency, which is merely another way of 
stating that they are usually weak electrolytes, and therefore form 
only univalent ions. 

Following out the recently advanced conceptions of Abegg and 
Bodliinder (Zeit. anorg. Chem., 1899, 20, 453), a complex ion may be 
considered to arise from the union of a simple ion with a neutral 
component, and, conversely, a complex ion may break down into a 
simpler one and a neutral component. It should follow, therefore, 
that a molecule, X*Y*Z, may become dissociated into ions, say, 
X and Y*Z, and that afterwards the ion Y°Z may become further 
simplified into a neutral component Y and the ion Z, the latter carry- 
ing away the free affinity and the charge. A law similar to that just 
formulated will hold for the latter process, namely, that the neutral 
component Y shall be at once representable by a legitimate formula 
through an adjustment of the bindings in the sense already explained. 


1268 LAPWORTH: FORM OF CHANGE IN ORGANIC COMPOUNDS, 


It will follow in general that a simple ion will be the more readily 
eliminated from a complex ion of a given type if it has a large 
‘‘ electroaffinity”” (Abegg and Bodlinder, Joc. cit.), and it may be 
pointed out here that, in most simple cases where two groups are 
withdrawn from a molecule, the product of their union is a recognised 
electrolyte. 

In illustration of this point, the author’s conception of the breaking 
down of acetone cyanohydrin, CN-CMe,°OH, under the influence of 
alkali may be alluded to. Here the dissociation probably occurs first 
between the hydrogen atom and the oxygen of the hydroxyl group, 
since it must in any case be supposed that all alcohols are feebly dis- 


+ pam ‘ 
sociated in this way. The ions are therefore H and CN-CMe,’0, 


and in the negatively charged ion the CN group is known to have 
a large electroaffinity for the negative charge ; it is, moreover, in such 
a position that its removal will result in the formation of a molecule 
at once representable by the legitimate formula CMe,:O. The function 
of the alkali is doubtless to provide hydroxyl ions in the presence of 
which the concentration of the hydrogen ions of the cyanohydrin is 
greatly diminished, and the dissociation of the cyanohydrin con- 
sequently raised to a corresponding extent. 

With this bi_ef introduction, it is possible to proceed to some 
special cases to which these principles apply, and, in order to be 
able to deal generally with some of these, the following rule, easily 
deducible from what has been said, may be stated. Jf, during a 
reaction, @ group x might be expected to unite with an atom R, in the 
complex R,‘R,:R,, then the product may contain, not only substances 
with the complex R,X*Rg:Ry, but also, and, sometimes exclusively, those 
with R,-Re*R/X and their tautomeric forms. 

Some important forms of interaction may be at once mechanically 
deduced from the expansion of the simplest type of addition at a 
double binding, A°B + X*Y =AX‘BY, and it is easy to show that the 
general equations may be true if read in either sense. 

Firstly, expanding B we obtain : 


A:B,"B,:B, +X +¥ <> AX-B,-Bg:B, + ¥ <> AX-B,:Bg'B,Y (8), 


easily seen to be the form to which so much importance has beet 
attached by Thiele. 
Secondly, expanding Y only : 


LT AXB+ Wa¥e¥y ey 
SA BY YpY.+K< 


This form is not translatable in terms of Thiele’s rule, but is one 


A:B+X+Y¥,- Yet Y, AX-B-Y,‘Y, Y. 6) 


Thi 
expres 
XY, 


This 
af-ung 
acetate 
sodiocy 
YaO-( 
In hi 


tit, p. 4 
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which will probably be found to be the basis of many reactions as 
yet imperfectly understood, and one or two cases where it appears 
directly applicable may be discussed. It is, no doubt, the typeof 
change involved in the Claisen reaction in its simplest form, as, for 
example, when sodium ethoxide acts on a mixture of acetone and 
ethyl oxalate, a condensation which is perhaps the result of the follow- 
ing series of changes. 


The ions Na and CH,:CMe:O of the sodium derivative of acetone, 
CH,:CMe-ONa (Freer, Amer. Chem. J., 1891, 18, 322), unite with a 
carbonyl group of the ethyl oxalate. As sodium shows very little 
tendency to form complex ions, it is perhaps the negative ion which 
first becomes attached to the ethyl oxalate (compare, however, Proc., 
1901, 1'7, 95) : 


Na + CH,:CMe-0 + 0:C(OEt)*CO,Et <> 
Na + 0-C(OEt)(CO,Et)*CH,-CMe:0. 


The components on the right are the ions of the sodium compound, 
NaO-C(OEt)(CO,Et)*CH,-CMe:0, which, by loss of alcohol, affords 
the stable sodium compound, NaQ-C(CO,Et);CH-CMe:0, as the 
actual product. 

As anything like an adequate discussion of the details of this 
reaction would occupy a very large amount of space, the author con- 
fines himself at present to the foregoing remarks. 

The reaction’ between aldehydes and the metallic derivatives of iso- 
nitro-compounds doubtless proceeds in accordance with this type. Thus 
with potassium ¢sonitropropane and formaldehyde, 


SS = tlt 


| i Se ae Re ee 


K+0O°NO:0Me,+CH,:0 <-> K+0:NO-OMe,‘CH,*0 <>» 
O:NO*CMe,°CH,°OK. 
Thirdly, expanding both B and Y, we obtain the form thus roughly 
expressed : 
XY, Y,:Y,+A:B,°Bg:B, <> AX:B,:B,B,-Y,Y,Y...... (T). 


This doubtless includes, amongst others, the cases of interaction of 
of-unsaturated esters and ketones with ethyl sodio-malonate, -cyano- 
acetate, and -acetoacetate. Thus with methyl acrylate and ethyl 
sodiocyanoacetate : 


‘a0"C(OEt):CH-CN +0:C(OMe)‘CH:CH, —> 
Na:0-0(OMe):CH-CH,*CH(CN)-C(OEt):0. 


R), 


In his first paper, dealing with the subject of isomeric change (Joe, 
tit., p. 455), the author referred briefly to the case of meta-substitution 
VOL, LXXIX, 4s 
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in the benzene series, using the case of the sulphonation of nitro- 
benzene by way of illustration, and showed that the most probable 
mode in which the change might be supposed to occur was that the 
acting agent united in the first instance with the side group, and that 


elimination of a substance then took place by removal of a hydrogen 
atom in the nucleus (necessarily the meta-atom, unless it is supposed 
that ring compounds like those depicted on p. 1267 are produced) with di 
a group attached to the side chain. The initial stages were mostly 
similar to those usually assumed to take place when nitromethane, for . 
example, is converted into a salt of its tso-form by a metallic hydr- im 
oxide ; subsequently, in the benzene derivative, the hydrogen atom is . 
removed, not from the a-position, but from the related y-position. That 4 
is to say, the benzene compound was supposed to be converted into a &e 
derivative of its tautomeric form corresponding with the iso-forms of ” 
fatty nitro-compounds, and this was then converted into the meta- bi 
substitution derivative by isomeric change in accordance with the - 
ay-rule, The first actions assumed, written in the usual form, may be a 
compared thus : ( : 
(1) Caustic potash acting on a fatty nitro-compound, oa 
:CH-NO:0+HOK —> :CH-NO<O —> :0:NO-OK +HOH. 
(2) Sulphuric acid acting on nitrobenzene (S=SO,H), 
‘CH-0:6-NO:0+HOS —> :CH-6:6-NO<OE 
:0:0-0:NO-0S + HOH 
It was not perceived at the time when this view was put forward 
that, if there be any truth in the conception, then those groups which, relate 
in the aromatic series, are the characteristic meta-orientating groups ortho- 
should be capable of reacting on the tautomeric normal and iso-forms @ tature 
>CH-’R and >C:RH when in attachment to a >CH group. The fact MP such a; 
that the groups, NO,, CO-R, and ON, do possess both properties Without 
is at least very striking (compare Hantzsch and Veit, Ber., 1899, 32, J temove 
607, and Hantzsch and Osmund, ¢bid., 341), and as regard the only BF suring | 
other meta-orientating group, namely, SO,°R, the experiments of Kita @ it 
(Ber., 1900, 33, 1120) are sufficient to show that its properties ar @ HX 
similar to those of the other three groups, more especially as it was ‘endl 
found that the compound Ph:SO,*CH(SO,Et), behaved as a strong Since 
acid. It may be remarked that. the foregoing groups in the fatty nete-orie 
series render the a-hydrogen atom, and in the benzene series the similar ¢ 
related y-hydrogen atom, replaceable, so that it appears probable that I sollow th 
the formation of large quantities of meta-di-derivatives is due vhich 4} 


general to the occurrence of changes very similar to those occurring 
in the fatty series, the relationship being expressed by the ay-rule. 
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It may be argued that substitution by direct attack in the nucleus 
is possible, and that therefore meta-derivatives may be formed in 
this way. Doubtless they are thus produced to a certain extent 
in all cases ; nevertheless, it seems impossible to believe that such 
widely different groups as N(CH,),, CH,, Cl, and CH,Ol, should 
render the ortho- and para-hydrogen atoms directly replaceable, and 
that the others, NO,, CN, &c., should have precisely the opposite 
effect by a mere exertion of an attractive or repulsive influence. 
In the author’s opinion, so far as direct substitution in the nucleus 
is concerned, all groups may be presumed to have an orthu-para- 
orientating influence, due, perhaps, to considerations like those sug- 
gested by Thiele, and the formation of meta-substitution derivatives 
in quantities preponderating over those of the ortho- and para-deri- 
vatives combined, must be attributed to an entirely different pheno- 
menon. 

The formation of ortho- and para-substitution products simul- 
taneously from an ordinary benzene mono-substitution derivative 
Q,H,"X by an agent PQ is perhaps due to the formation of inter- 
mediate compounds of the types 


rd 

ch, related by the ay-rule, and yielding by loss of HP the benzenoid 
aps [| rtho- and para-derivatives, C,H,XQ. In consequence, were X of a 
ms —™ lature capable of exerting a steric hindrance on the formation of 


such an intermediate compound, the action would be hindered, but 
without, of course, preventing the para-hydrogen atom from being 


92, —% temoved as easily as the meta-atom. If, therefore, in the fatty 
ly H% series, the group X-0:0 forms additive products with difficulty, 


then it is to be expected that substitution in the compound 


or @ C.H,-X will also be difficult. Such an example is found in tert.butyl- 
WS Bl benzene, 

rong Since, then, it appears that the function of the characteristic 
fatty ma-orientating groups in the benzene series is probably quite 
3 the HE similar to that which they exercise in the fatty series, it should 
thet follow that the similarity could be traced, not only in the effect 
ue > Mvhich they exercise in the simplest cases of substitution, but in 
— more complex reactions. One of these, applicable to many fatty 
e 


‘tmpounds in which they occur, is the Olaisen reaction, the course 
4s2 


0“ 
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of which has already been discussed (p. 1269). Now, in order that 
this action may occur, it is necessary that two hydrogen atoms 
should be present at the a-carbon atom, and it happens that in 
benzenoid ketones, esters, &c., where the carbonyl group is in direct 
attachment to the nucleus there is no hydrogen at the a-position; 
proceeding, therefore, to the related point, the y-position, only one 
hydrogen atom is present as a rule, namely, the meta-hydrogen atom, 
but in some cases there is a stable CH, group at the y- or y- 
position outside the ring. Such a substance is found in o- or p- 
methylbenzophenone or ethyl o- or p-toluate, but not in the corre- 
sponding meta-derivatives. 

Whilst these compounds react only with the greatest difficulty, if 
at all, those containing the more reactive nitro-group, as, for example, 
o- and p-nitrotoluenes, are capable of taking part in the Claisen reaction. 
Thus Reissert found (Ber., 1897, 30, 1030) that the methyl group 
in these two compounds was attacked, but that no reaction occurred 
in the case of the meta-nitrotoluene; he asserts, also, that ethyl 
oxalate is the only ester which can be used. The author has con- 
firmed Reissert’s statement regarding the inactivity of the meta 
compound, but has found that amyl nitrite may be used in place of 
ethyl oxalate, and yields the oximes of o- and p-nitrobenzaldehydes ; 
no doubt other esters might also be used, provided that the product 
were a sufficiently stable sodium derivative. The reaction is evidently 
a particular case of y- or meta-substitution, in which the meta-position 
is outside the ring, that in the ring being excluded from the type 
of reaction. 

It may be supposed, as in other cases, that a compound of the type 
CH,:C-C:NO-ONa is produced, having a constitution analogous to that 
of the quinoneoximes on the one hand, and to the isosulphate of nitro- 
benzene (p. 1270) on the other. The iso-derivative then reacts with 


ethyl oxalate, as follows (compare p. 1269) : 


CO,Et-O(OEt):0 __ CO,EC(OEtONa 
CH,:0-C:NO-ONa H,-0:0-NO:0 

CO,Et-C-ONa 7 

CH-c:0-No:0 + EtOH 


that is, in accordance with the reaction expressed by A:B+X‘Y, in 
which Y is expanded twice. 

As such a reaction should, in turn, be applicable to similarly cot- 
‘stituted fatty compounds, it seemed that it might be possible to cor 
dense ethyl oxalate, &c., with open chain substances of the typ? 
*CH,*CR:CR-X (X =NO,, CN, 80,R, CO-R) at the y-position instead 
of at the a-position, as usual, 
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Compounds of the above type and containing no a-hydrogen atom 
are difficult to obtain in large quantities. Experiments were most 
successful with ethyl crotonate, and the results justify the prediction, 
as ethyl y-oxalocrotonate may be obtained, under the proper conditions, 
in fairly large amount. It is a matter of little difficulty to trace the 
course of the reaction in the above manner, 

The number of possible condensation products in such cases, and the 
fact that some of them may be formed with greater ease than the 
y-oxalo-derivatives, may obviously render the isolation of the latter a 
matter of great difficulty. 

That the ethyl oxalocrotonate is not the a-derivative is shown by the 
marked difference between its properties and those of other a-oxalo- 
esters and ketones. It affords a black instead of the red to violet 
coloration with ferric chloride which a-derivatives usually give, and 
its stability towards hydrolytic agents is incomparably greater than 
that of such compounds; whilst the a-oxalo-esters decompose into 
oxalic acid on the one hand, and pyruvic acids and carbon dioxide on 
the other, the new substance does neither ; when boiled with alkalis, 
it gives no oxalic acid, and with acids it suffers hydrolysis and the 
product loses water, being converted into a substance which is evi- 
dently a ring compound, <_.o 
would be impossible with an a-oxalocrotonic ester. Finally, the idea 
that the substance might be a B-oxalo-ester may be at once set aside, 
as it is impossible to find a suitable formula for such a substance. 

The condensation of ethyl crotonate with ethyl oxalate in the above 
way might, at first sight, be attributed to the presence of the group 


CH,C:C-, but that this is not the case is shown by several facts. 
Thus ethyl a-methylacrylate, which is isomeric with ethyl crotonate 
and contains that group, gives no indication of forming a similar 
compound. Again, other unsaturated esters containing the grouping 
‘CH,"CR:CR, should behave in a similar way, but examination of the 
ester of camphorenic acid, which also contains this grouping, showed 
that no condensation occurred. The power of two such pairs of 
doubly-bound carbon atoms in attachment to a CH, group to 
render the reaction a possible one is unquestionable (Thiele, Ber., 
1900, 33, 666), but with those substances which contain only one such 
pair, there is almost certainly a sharp line of demarcation, both in the 
fatty and in the aromatic series, between the two classes represented 
respectively by the formule ‘CH,:0:G- and -CH,°O:C-X (where 
X=00, &e.). 


, @ change which 
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EXPERIMENTAL, 
Action of Sodiwm Ethoxide and Amyl Nitrite on o- and p-Nitrotoluenes, 


Amyl nitrite has little or no action on o- or p-nitrotoluene in 
presence of alcoholic sodium ethoxide, but if the anhydrous ethoxide 
is used there is little difficulty in isolating the oxime of o- or p-nitro 
benzaldehyde respectively from the product. The mode of treatment 
found most suitable was as follows. 

Sodium (2—3 grams) was dissolved in 12 times its weight of alcohol, 
and the excess of the latter afterwards got rid of by distillation in a 
stream of hydrogen at about 180°, the removal being completed in a 
vacuum at this temperature. The residue was covered with about 
200 c.c. of thoroughly dried and purified ether, and a mixture of amyl 
nitrite and o-nitrotoluene was then slowly poured in, the temperature 
being at first kept down by means of a freezing mixture. The whole, 
after remaining a few days at the ordinary temperature, was poured on 
crushed ice, the resulting aqueous solution being separated, extracted 
twice with pure ether, and freed from the latter by a current of air. 
On adding dilute hydrochloric acid to the solution, a fairly copious 
precipitate of solid matter separated. This was collected, dried, and 
crystallised from benzene. 


0°2097 gave 0°3878 CO, and 0°0710 H,O. C=504; H=3°8. 
C,H,0,N, requires C=50°7 ; H=3°7 per cent. 


The substance melted at 95—96° and had all the appearance and 
properties of o-nitrobenzaldoxime. In order to complete its indentifi- 
cation, it was heated for some time with concentrated hydrochloric 
acid, the liquid being then extracted with ether and the latter 
evaporated. A residue of solid matter remained, which had the 
properties of o-nitrobenzaldehyde, and on dissolving it in dilute acetone 
and adding a few drops of dilute sodium hydroxide, rapid darkening 
ensued, followed by a deposition of indigo. 

With p-nitrotoluene, the yield of oxime is not so good, but no 
difficulty was experienced in isolating it. The crystalline substance 
obtained melted at 128—129°, and when heated with pure p-nitro 
benzaldoxime, its melting point was not depressed. On analysis : 


0 1505 gave 0:2780 CO, and 00515 H,O. C=50-3; H=3°8 percent. 


With m-nitrotoluene, no evidence of the formation of an oxime could 
be obtained, and no positive result ensued, even when in this case ethyl 
oxalate was substituted for amyl nitrite. As condensation with ethy! 
oxalate almost invariably takes place more readily than with 
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amyl nitrite, it may be concluded that m-nitrotoluene behaves alto- 
gether differently from the o- and y-compounds in this regard. 

Experiments were made in which amyl and ethyl formates and 
nitrates were substituted for oxalates and nitrites. With the formates, 
reaction certainly occurs, but on treating the product from o-nitro- 
toluene with water, a crystalline, neutral compound separates, and only 
a small quantity of any acid substance could be detected. The neutral 
substance crystallised from alcohol in nearly colourless prisms melting 
at 121°, and gave the following results on analysis : 


0°1148 gave 0°2577 CO, and 0:0492 H,O. C=61:2; H=4°7. 
C,,H,,0,N, requires C=61'7; H=4°4 per cent. 


The substance was identified as 2 : 2’-dinitrodibenzyl, 
C,H,(NO,)-CH,°CH,°C,H,°NO,, 


which, it is interesting to note, has been obtained only on one previous 
occasion, namely, on treating o-nitrophenylpyruvic acid, the product 
from o-nitrotoluene, ethyl oxalate and sodium ethoxide, with alkali 
(Reissert, Ber., 1897, 30, 1039). As the substance is not formed 
when ethyl formate is omitted in the above reaction, it appears highly 
probable that it owes its origin to a condensation product of o-nitro- 
toluene and ethyl formate, which, judging from the properties of 
p-nitrophenylacetaldehyde, would be a highly unstable substance (Lipp, 
Ber., 1886, 19, 2647). 

Experiments with other o- and p-Substituted Toluenes.—In endeavour- 
ing to extend the above observations, ethyl o- and p-toluates were 
treated with ethyl oxalate and sodium ethoxide under several condi- 
tions. Here it was found that small quantities of unstable, acidic 
substances were produced which were ketonic in their nature and 
gave blue to violet colorations with ferric chloride. These substances 
were possibly the condensation products sought for, but good numbers 
were not obtained when they were analysed, owing to the small 
quantities hitherto isolated, and the consequent difficulty of ensuring 
their purity. With o- and p-toluonitriles, violent reactions took place, 
but rapid decomposition ensued, black, amorphous masses being 
deposited, and this occurred also in absence of ethyl oxalate. 

It is hoped that further experiments with o- and p-methylsulphones 
and ketones will give more definite results. In none of these cases, 
however, is it to be expected that such definite results will be obtained 
48 with the compounds containing the highly reactive nitro-group, 
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Condensation of Ethyl Crotonate with Ethyl Oxalate. Formation of 
Ethyl y-Oxalocrotonate, CO,Et-C(OH):CH-CH:CH:-CO,Et. 


Ethyl crotonate and ethyl oxalate condense in presence of anhydrous 
sodium ethoxide suspended in ether or toluene. The liquid slowly 
becomes bright yellow in colour as the ethoxide dissolves, and after 
the lapse of a week, a yellow, microcrystalline deposit settles on the 
walls of the containing vessel. A considerable quantity of the product 
remains dissolved, however, and the whole should be poured into ice- 
water containing an excess of dilute acetic acid, the ethereal solution 
separated, washed, and extracted repeatedly with dilute sodium car- 
bonate. The crude ester may be isolated by acidifying the alkaline 
extract with acetic acid and extracting with ether, which should after- 
wards be allowed to evaporate spontaneously. 

The oxalo-derivative may also be obtained by adding a mixture of 
the two esters to the calculated quantity of sodium, cut into thin 
sheets, and covered with a considerable quantity of absolute ether. 
Tn all cases, the presence of a very small quantity of water is sufficient 
to completely prevent the formation of the desired product, and the 
yield never exceeds 40 per cent. of the theoretical amount. 

The ester is best purified by dissolution in cold dilute sodium car- 
bonate, powdered sodium acetate being afterwards added to the solu- 
tion. The sodium compound then separates as a voluminous mass of 
needles which may be separated by filtration, washed with dilute 
sodium acetate solution, and afterwards decomposed by dilute hydro 
chloric acid. The nearly white ester which separates is dried, and 
crystallised from a mixture of benzene and light petroleum. A speci- 
men of the ester was analysed. 


0:2265 gave 0°4684 CO, and 01336 H,O. C=564; H=6°6. 
C,)H,,0; requires C=56:0; H=6°6 per cent. 


Ethyl y-oxalocrotonate is a neariy colourless solid. It dissolves 
very readily in all organic media with the exception of light petroleum 
in which it is sparingly soluble, even when hot; it is nearly insoluble 
in water. It crystallises from a mixture of ethyl acetate and light 
petroleum in small, transparent prisms, and from light petroleum in 
fan-shaped aggregates of plates or isolated, short, compact prisms of 
tablets. When these are examined in convergent polarised light, an 
optic axis of a biaxial interference figure is seen to emerge obliquely 
with regard to the field. 

When melted on a glass slip beneath a cover-glass, it solidifies sud- 
denly on cooling in bundles of fine needles interspersed with irregularly 
arranged patches of indistinct crystalline structure. 
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That the ester exists in the enolic form, 

CO,Et*C(OH):CH:CH:CH:-00,Et, 
is shown by the fact that it is a fairly strong acid; it expels carbon 
dioxide rapidly from dilute solutions of sodium carbonate, and if a 
moderately strong solution is made, the yellow sodium derivative crys- 
tallises out. From its solution in alkali, the ester is precipitated on 
addition of acetic acid. The presence of the enolic grouping in the 
substance is also shown by the fact that its dilute alcoholic solution is 
coloured an intense brownish-black on addition of ferric chloride, and 
this coloration is not discharged by the addition of a very large excess 
of strong mineral acid ; with ferrous sulphate, no marked coloration is 
produced. 

Attempts to prepare the acetyl and benzoyl derivatives of the ester 
resulted in the formation of white, amorphous masses, which did not 
dissolve at once in dilute sodium carbonate solution. They were 
slowly decomposed by water and moist solvents, however, and could not 
be made to crystallise. 

The ester cannot be purified by distillation, even under reduced 
pressure, as it rapidly decomposes ; it boils at 180° under the ordinary 
pressure, losing a certain amount of alcohol, and affording, for the most 
part, a carbonaceous mass. A small quantity of an oily substance 
distils over and a phenolic odour becomes apparent, but the majority 
of the distillate is probably the ester of the coumalincarboxylic acid 
described later. 

On warming the compound with soda, it dissolves rapidly, and if the 
alkali be strong, separation of a red, oily sodium salt ensues. The 
salt dissolves on shaking, however, and the solution becomes intensely 
yellow. On acidifying the diluted liquid after boiling for a consider- 
able time, little or no oxalic acid could be detected when the highly 
purified ester was used. When hot hydrochloric acid is used in the 
hydrolysis, the liquid, at first slightly yellow, becomes colourless as the 
substance dissolves, and here again no carbon dioxide or oxalic acid 
could be detected as a product of decomposition. 

When the substance is warmed With solutions of aniline, or hydr- 
wines in dilute acetic acid or in alcohol, yellow precipitates are slowly 
produced ; the aniline derivative is readily obtained in a crystalline 
form, but has not as yet been closely examined. 

The molecular weight of ethyl oxalocrotonate in acetic acid was 
determined by the cryoscopic method. The mean of three concordant 
measurements was 225, the number calculated for a substance having 
the formula C,,H,,0, being 214. 
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Action of Sodium Ethoxide on a Mixture of Ethyl B-Ethoxybutyrae 
and Ethyl Oxalate. 


In order to obtain evidence as to whether the compound 
CH,*CH(OEt)-CH:C(OEt)-ONa 
might be regarded as a probable step in the formation of ethyl 
oxalocrotonate, sodium ethoxide was allowed to act on a mixture of 
ethyl £-ethoxybutyrate and ethyl oxalate under the conditions found 
to be most advantageous for the production of that substance. 

It was found that it was easy to obtain some quantity of ethy] oxalo- 
crotonate in this way, but the yield, as compared with that obtained 
directly from ethyl crotonate, was small, and it is probable that the 
compound CH,‘CH:CH-C(OEt),*ONa is the true intermediate sub- 
stance if any such is produced at all, although it is manifestly im- 
possible to determine this with any degree of certainty. 

The sodium derivative of ethyl oxalocrotonate, 

CO, Et-C(ONa):CH-°CH:CO,Et, 
is formed when the ester is dissolved in sodium carbonate or sodium 
hydroxide solution. It is not very readily soluble in cold water, and 
quite sparingly so in solutions of more soluble sodium salts. It forms 
long, yellow needles which have straight extinctions in polarised light, 
their directions of greatest length and elasticity being coincident. A 
specimen crystallised from a solution of sodium acetate was washed 
with water and analysed after drying over sulphuric acid in a vacuum. 


0°3962 gave 0°1143 Na,SO, Na=9°4. 
C,,H,,0,;Na requires Na=10°0 per cent. 


When this substance is washed with ether which has not bee 
specially dried, it slowly decomposes and the ether on evaporation 
yields the nearly pure ester, indicating that the substance is hydro 
lytically decomposed by water to a very considerable extent. 

The copper derivative, (C,)»H,,0,),Cu, is produced when an aquedts 
solution of copper acetate is added to the ester dissolved in alcohd; 
the blue solution of the copper salt becomes yellowish-green, and finally 
an amorphous greenish-brown precipitate is formed, which may be 
separated and washed with dilute alcohol. It is soluble in alcobol 
ether, and could not be obtained in a crystalline condition ; on trest 
ment with acids, it yields the pure ester. A specimen, after drying * 
100°, was analysed : 


0°3635 gave 0°634 CuO. C=12°8. 
C,)H,,0,)Cu requires Cu=12°9 per cent. 


With dilute aqueous solutions of the sodium derivative, solutions 
of soluble calcium, barium, nickel, or cobalt salts give no precipitates; 
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mercuric chloride throws down a bulky precipitate insoluble in ether. 
In somewhat concentrated solutions, calcium chloride forms a white, 
flocculent precipitate insoluble in ether ; the silver compound is precipi- 
tated on adding silver nitrate, but rapidly darkens in the light, deposit- 
ing metallic silver. 


y-Onalocrotonic Acid, CO,H-C(OH):CH-CH:CH-00,H. 


This substance may be obtained in small quantities by the following 
process. The sodium derivative of the diethyl ester is finely powdered 
and triturated in a mortar with a 30 per cent. solution of sodium 
hydroxide, the liquid being added in small quantities and the temper- 
ature kept low. The solution, which is reddish-yellow in colour, is 
allowed to remain at the ordinary temperature for several hours until 
a small quantity, when diluted and acidified with acetic acid, gives no 
precipitate. The whole is then diluted with several times its bulk of 
water, cooled in ice, acidified with a large excess of sulphuric acid, and 
extracted about 20 times with ether, the latter being dried over 
calcium chloride and evaporated. 

The substance may be purified by crystallisation from a large bulk 
of ethyl acetate. 


0:3721 gave 0°6264 CO, and 0°1194 H,O. C=45°8; H=3°5. 
C,H,O, requires C=45°6 ; H=3°8 per cent. 


The basicity of the acid was determined by titration with W/10 
caustic soda, with phenolphthalein as indicator; the end point is 
dificult to determine precisely, owing to the deep colour of the result- 
ing sodium salt. The numbers obtained as the equivalent varied from 
82—85, that required for a dibasic acid, C,H,O,, being 79. 

yOxalocrotonic acid is sparingly soluble in water and organic 
media in general, and is nearly insoluble in benzene, chloroform, or 
petroleum ; it is most abundantly dissolved by acetic or formic acid 
or methyl or ethyl alcohol, none of which, however, deposits the 
substance in a well crystallised form. As usually obtained from 
aqueous or alcoholic solutions, it forms a bright yellow, microcrystal- 
line mass, and it is not easy to ascertain whether it is a uniform sub- 
stance or a mixture of tautomeric forms, but the author inclines 
towards the latter view. It melts and decomposes at about 190°. 

The cold aqueous solution of the acid is coloured intensely brownish- 
black by a solution of ferric chloride, indicating the presence of 
an enolic form, whilst on addition of hydrazine acetate immediate 
yellow precipitates are obtained, indicating that a ketonic form may 
be present. Hydroxylamine and semicarbazide, however, do not afford 
sparingly soluble derivatives ; with a solution of the former, the yellow 
tlour of the solution becomes much less intense. 
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_Coumalin-6-carboxylic Acid (a;Pyrone-a'-carboxylic Acid), 
o-—-—— 
CH<OH:0(00,Et)>C- 


When diethyl oxalocrotonate is heated with acids, or when the free 
acid is heated at its melting point, ring formation ensues and a coumalin- 
carboxylic acid is formed. The most advantageous mode of preparation 
consists in boiling the ester with excess of fuming hydrochloric 
acid until complete dissolution has taken place, the liquid being then 
heated with animal charcoal, filtered, and evaporated to dryness on the 
water-bath. For further purification, the residue is triturated with 
enough strong hydrochloric acid to form a paste, transferred to porous 
earthenware to drain, and then recrystallised two or three times from 


dilute acetic acid. On analysis: 


0°2337 gave 04410 CO, and 0:0592 H,O. C=515; H=2°8, 
C;H,0, requires C=51°43 ; H=2°8 per cent. 


The equivalent of the acid as determined by titration with caustic 
soda was 140, or exactly that required for a monobasic acid having the 
formula C,H,0,. 

The acid dissolves somewhat sparingly in hot water, alcohol, 
acetic acid, acetone, or ethyl acetate, and was practically insoluble in 
benzene, chloroform, or light petroleum. It crystallises best from hot, 
strong hydrochloric acid. When heated, it melts and decomposes 
slightly at 227—228°. The crystals from hydrochloric acid ar 
rectangular, transparent plates, or long, transversely striated needles 
which show a tendency to become twinned. Heated beneath slips of 
glass, it sublimes slightly before melting, and on cooling solidifies 
rapidly, forming for the most part a microscopic mass of indistinct 
structure, but here and there, especially among the sublimed paris, 
large, well-formed crystals may be seen ; in these crystals, the extinction 
in polarised light is straight, and the directions of greatest elasticity 
and length are at right angles. On slow sublimation, as during is 
analysis by the combustion method, it sublimes in brilliant needles. 

A dilute solution of the sodium salt gave no precipitates with salts 
of barium or calcium. A nearly white precipitate was produced 
addition of lead acetate, and this dissolved readily in acetic acid; 
with ferric chloride, a copious, flocculent, brown precipitate was formel, 
and with mercuric chloride a small quantity of an insoluble salt wis 
precipitated. A cold aqueous or alcoholic solution of the acid gave” 
coloration with ferric chloride, 

On warming the aqueous solution of the acid with silver nitrate aul 
a drop of ammonia, rapid blackening ensues and a brilliant mir 
is formed on the walls of the tube. This is doubtless due to tt 
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hydrolysis of the acid to oxalocrotonic acid, as the solution of the acid, 
when made alkaline with ammonia, warmed, and afterwards acidified 
gives a very distinct brown coloration with ferric chloride. 

When the acid is heated rapidly in a test-tube, a distinct odour of 
coumalin becomes noticeable, and this substance appears to be formed 
in small quantity when the calcium salt of the acid is heated strongly 
ina stream of hydrogen. The aqueous distillate in the latter case, on 
addition of ammonium sulphate, becomes milky, and a small quantity 
of a nearly colourless oil is deposited. This, after extraction with 
ether, had the properties of coumalin so far as the small quantity 
obtained would permit them to be observed. Thus, it gave a bluish- 
red coloration with ferric chloride, and evolved an odour resembling 
that of crotonaldehyde when warmed with alkalis. It may be observed 
that the odour and colorations were directly compared with those 
afforded by coumalin made from malic acid in accordance with the 
directions given by Pechmann (Annalen, 1891, 264, 305), and no 
difference could be detected. 

The acid shows little or no tendency to yield a pyridone derivative 
when treated with ammonia, but when its ammonium salt is strongly 
heated with lime, or even alone, a powerful odour of pyridine is evolved, 
and the distillate affords a perbromide closely resembling that of this 


base; the large quantity of ammonia and the small quantity of the 
basic substance in the distillate have hitherto prevented the isolation 
of any pure pyridine derivative. 


Bihyl Coumalin-6-carboxylate, CHK tt -c (00, ¢) .—This ester 


is most easily obtained by the method used by Pechmann in preparing 
the ester of the isomeric acid, as the properties of the acids and their 
esters are very similar (Joc. cit., 279). It is purified by crystallisation 
from light petroleum. 


03808 gave 0°7948 CO, and 0:1672 H,O. C=568; H=4°9. 
C,H,O, requires C=57:1 ; H=4'8 per cent, 


The ester is readily soluble in water and in most organic media 
with the exception of light petroleum, in which it dissolves only 
sparingly when cold. It crystallises from hot light petroleum in beauti- 
ful, thin, rectangular plates melting at 59—60°. The crystals, in 
plarised light, show interference colours of high orders, and have 
straight extinction, their directions of greatest length and elasticity 
being at right angles. After melting, the substance solidifies to 
opaque masses of long, flattened needles or thin plates. 

When covered with 15 per cent. aqueous ammonia, the substance 
frst dissolves, and on stirring, a mass of beautiful, white crystals 
eparates, These disappear on warming, however, and on treatment 
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with potash, yield a yellow solution which gives the tests for the salt 
of oxalocrotonic acid ; the ester, therefore, is not the ethyl pyridone. 
carboxylate which it was hoped would be produced. No other method 
of treatment tried gave any basic substance whatever. 


Action of Amyl Formate and Nitrite on Ethyl Crotonate. 


Amy] formate and nitrite both react with ethyl crotonate in pre- 
sence of sodium ethoxide or metallic sodium suspended in dry ether, 
yielding acidic products in considerable quantity. These are possibly 
the y-substituted derivatives sought for, but no attempts to obtain 
them in a pure form have as yet been successful, nor has any better 
result been achieved by endeavouring to isolate the corresponding 
acids. The isonitroso-compound is converted into a basic substance 
on reduction with sodium amalgam, and it is hoped that by means 
of this product the nature of the original reaction may be finally 
ascertained. 


Action of Ethyl Oxalate on Ethyl a-Methylacrylate. 


Ethyl a-methylacrylate was made by heating ethyl a-bromoiso- 
butyrate with diethylaniline, as recommended by Howles, Thorpe, 


and Udall (Trans., 1900, '7'7, 947), but was isolated by distilling the 
resulting mixture and fractionating the portion which passed over 
below 160°, a method which appears to afford a somewhat better yield 
than that recommended by these authors. 

The ester was treated with ethyl oxalate in presence of sodium 
ethoxide and also of sodium and ether, and even under the conditions 
most advantageous for the formation of ethyl oxalocrotonate, no corre- 
sponding oxalyl derivative was obtained, even in an impure condition. 
This was shown by the fact that, after shaking out the product with 
water and acidifying the aqueous extract with acetic or hydrochloric 
acid, no precipitate was produced, and no black coloration was 
developed on addition of ferric chloride. 

It is thus established with some degree of certainty that the forma- 
tion of ethyl oxalocrotonate is not to be accounted for by the proximity 
of the negative double binding CH,°C:0, for this is also present in 
ethyl a-methylacrylate. Negative results were also obtained om 
endeavouring to condense ethyl oxalate with ethyl camphorenate, 
which contains the grouping CH,°CH:CH. 


re 
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Application of the Claisen Reaction to other Compounds containing the 
Grouping CH,*0:0-CO. 


On treating ethyl dimethylacrylate, CMe,;CH-CO,Et, with ethyl 
oxalate in presence of sodium and ether or of sodium ethoxide, the 
bright yellow colour which is characteristic of the early stages in the 
preparation of ethyl oxalocrotonate at once appears, and if, after a 
few seconds, the mass is treated with water and the aqueous extract 
acidified, a colourless oil separates in smali quantity, and, on adding 
ferric chloride to a solution of this in ether, an intense black colora- 
tion ensues, If, however, the treatment with sodium or with sodium 
ethoxide is allowed to continue, the liquid becomes green, and, on 
adding water, a dark-red, aqueous solution is obtained, which deposits 
a comparatively small amount of an oil on addition of acetic acid. 
In both cases, a small quantity of a brown copper compound, resem- 
bling that obtained from ethyl oxalocrotonate, may be obtained, but 
no crystalline substance is produced on decomposing this. 

Phorone, CMe,-CH*CO’CH:CMe,, reacts very readily with ethyl 
oxalate in presence of sodium ethoxide, and a large yield of an oily or 
resinous product is obtained. This affords a black coloration with 
ferric chloride, and gives a brown, copper salt ; it does not yield oxalic 
acid on alkaline hydrolysis, but gives a sparingly soluble, pulverulent 
acid which forms an orange-red solution in alkalis. 

Benzylidenemesityl oxide, CMe,.CH:CO°CH:CHPh, also reacts, al- 
though somewhat less readily, with ethyl oxalate under the conditions 
described, and a similar compound is produced. This, as well as the 
preceding ketone, also reacts with amyl formate or nitrite, but the 
products are equally uninviting. 

Camphorone gives exactly similar derivatives. 


Although the products have not yet been obtained in a pure form, 
it appears probable from these results that there is a line of demarca- 
tion between those esters and ketones which contain the grouping 

*OH,°C:6-C0- 

and those which do not. The difficulty of obtaining pure substances 
is due, in part, to the fact that the products are readily decomposed 
by distillation, even in a vacuum, and also, doubtless, to the readiness 
with which the a8-unsaturated esters and ketones undergo decompo- 
sition and polymerisation under the conditions of experiment, as has 
been shown by Pechmann and others (Ber., 1900, 33, 3329, d&c.), so 
that, unless the condensation with the oxalate is sufficiently rapid 
the product is likely to be of a very mixed character. 

The investigation of the foregoing compounds is being continued, 
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and it is intended that the behaviour of ethyl tetrolate, ethyl a-ethyl- 
crotonate, &c., towards ethyl oxalate should be examined. 


The author desires to express his best thanks to the Research Fund 
Committee of the Chemical Society for a grant which has largely de- 
frayed the cost of the preceding investigation, and with the help of 
which it is being continued. 


CHEMICAL DEPARTMENT, SCHOOL OF PHARMACY, 
BLoomspury SQuARE, Lonpon, W.C. 


CXXXV.—The Constitution of Camphanie Acid and of 
Bromocamphoric Anhydride. 


By Arrsaur LapwortH and WattTeR Henry Lenton. 


One of the most interesting points in connection with the problem 
of the constitution of camphor and its derivatives is to be found in 
the behaviour of ordinary bromocamphoric anhydride on hydrolysis. 
When that substance is boiled with water, especially in presence of 
sodium carbonate, the anhydride ring is broken, and the bromine atom 
is simultaneously removed. The product consists for the most part of 
the lactonic product, camphanic acid, but a certain amount of an un- 
saturated monobasic acid, lauronolic acid, is also produced, its mode of 
formation being represented empirically by the equation, 


O,H,,.Br<p0>0 + HO = O,Hy,°C0,H + HBr + 0, 


The researches of Fittig and his pupils on brominated acids have 
brought to light the fact that the removal of carbon dioxide and 
hydrogen bromide from such compounds by the aid of dilute aqueous 
alkalis is associated exclusively, or nearly so, in open-chain com 
pounds, with B-bromo-acids, and, generalising from this fact, Aschat 
(Ber., 1894, 27, 2114) and others have concluded that in bromo 
camphoric anhydride the bromine atom must occupy the A-position 
with regard to one of the two carboxyl groups. 

Acceptance of this view, however, is rendered difficult, for the fol 
lowing reasons. Saturated carboxylic acids, on bromination, invariably 
yield a-bromo-acids. Fittig’s observations have reference to tht 
behaviour of B-bromo-acids. Combining these conclusions, we armi't 
at the view that bromocamphoric acid must be both an a- and! 
B-bromo-acid, that is to say, it must contain the groupill 


CO,H OBr-0-C0,H, and be a bromosuccinic acid. Hence it mw 
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follow that camphanic acid belongs to that unstable group of com- 
pounds, the f-lactones, of which but few are known, a view which it 
is almost impossible to reconcile with the great stability of the lactone 
ring, for hydroxycamphorie acid is unable to exist in the free state, 
being at once converted into camphanic acid. 

Another fact which militates against the probability of the existence 


of the group CO0,H-CBr-C-CO,H in bromocamphoric acid is the fact 
that lauronolic acid, which, according to this view should contain the 
grouping CO,H:-0:6;, is not an af- but a fy-unsaturated acid, as is 
shown by its ready conversion into and formation from campholactone 
and the corresponding hydroxy-acid. 

Other chemists, desiring to maintain that camphoric acid was a 
derivative of succinic acid, and either ignoring the work of Volhard 
of and others, or attaching less significance to it than to Fittig’s observa- 
tions, have assumed that camphanic acid is a y-lactonic acid. This 
assumption necessitates the additional one that camphoric acid either 
becomes brominated at a point which is not in the a-position with regard 


em to a carboxyl group, or that the bromination follows the usual course, 
in and that the hydrolysis of the bromo-anhydride has involved a change 
sis. of a type otherwise quite unknown, and representable as follows : 

. of : 

“i ‘CH oa 

bof CBr-C0,H _— CH-CO,H | + HBr. 

un- -(-C0,H -O—0O0O—O 

e of 


In the hope of being able to prove that the mistake had arisen in 
generalising too hastily from the behaviour of brominated open chain 
acids, we have made a long series of experiments with bromocamphoric 
anhydride and camphanic acid. It was clear from the first that the 
have | ivestigation would be more than usually difficult, for had any 

ani @ ‘ttaightforward method been available, so important a problem would 
cous  *arcely have remained for so long a time unsolved. 

= It was soon found that any views based on the assumption that the 
chan fm Cbange of bromocamphoric anhydride to camphanic acid involved an 
ome fm “usual change of configuration must be set aside, as the reverse 
sition change may be effected with great ease by merely warming camphanic 

acid on the water-bath with phosphorus pentabromide. 

e fol The next point to be proved was that. camphanic acid was derived 
riably from an a-hydroxy-acid. For this purpose, and for a long time without 
> them “Wess, we sought a method of removing the carboxyl group which 
was presumed to be attached to the same carbon atom as the hydroxyl 
group. The removal of a carboxyl group from an a-hydroxy-acid is, 
48a rule, a fairly easy process, and in a large number of cases may be 
achieved by such simple means as heating with strong acids, or with 
VOL, L¥ XIX, 4T 
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chromic acid or lead peroxide in presence of dilute acetic acid. In 


the present case, however, it would appear that the absence of the — 


actual hydroxyl group itself, which is altered by its participating in 
the formation of the stable lactone ring, renders the usual oxidation 
processes entirely ineffectual. Attempts were also made to oxidise 
the product in which the lactone ring is opened (obtained by boiling 
the acid with excess of alkali); these were more effectual, but as the 
oxidation went too far, the experiments gave no useful result. 

Eventually, however, the nitrile of camphanic acid was prepared in 
the hope that, like the a-hydroxynitriles, it would prove to be unstable 
towards alkalis. For this purpose camphanamide was required as an 
intermediate product and it was obtained by the following methods. 

Camphanic acid was heated with phosphorus trichloride and the 
product poured into ammonia; a small quantity of the amide was thus 
obtained, but the process was tedious and the yield unsatisfactory, 
The amide was obtained much more easily, however, by a modification 
of Wreden’s method. Wreden heated bromocamphoric anhydride 
with ammonia in closed tubes, and obtained a substance which he 
took to be the imide of hydroxycamphoric acid (Annalen, 1872, 163, 
339), but which is identical with the amide made by the above process, 
behaves neither as a hydroxy-compound nor as an imide, and, as our 
subsequent work showed, must be regarded as camphanamide. The 
action is represented by the equation 


Co: 0) 
C,H, Brg >0 + 2NH, = NH,Br + NH,*C0-0,H,;<4o- 


The heating in sealed tubes was found to be unnecessary, as it was 
sufficient to leave the finely-powdered bromoanhydride with strong 
ammonia for several hours at the ordinary temperature in order to 
effect its almost complete conversion into the amide, 

The amide was then converted into the nitrile by heating it with 
a mixture of phosphorus trichloride and pentachloride. A waxy 
nitrilolactone was thus produced, which, on treatment with strong 
alkalis, was resolved into hydrogen cyanide and camphononie acid 
(Lapworth and Chapman, Trans. 1899, '75, 1000). As this iss 
y-ketonic acid, the investigation has afforded an apparently incontre 
vertible proof of the views which we hold of the relationship of brome 
camphoric acid and camphanic acid to camphoric acid itself. 

The course of the changes involved may be represented by the 


scheme, 


oterkaed inate § 

CH,C-CO-NH, — — CH,:Q-ON CH,0:0 
CMe, > H,O+ | CMe, > HCN + | CMe, 

OH,-CMe-CO-0 OH,-C-Me-C0-0 CH, OMe: 001 
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and it may be worth while to point out that a combination of the 


- above facts with those already known about camphononic acid (loc. cit.) 


is in itself sufficient to decide almost conclusively the true constitution 
of camphoric acid. 

Thus, it has been shown that camphononic acid has one or other of 
the two formule, , 


CH,-CO cO—CH, 
CMe, aid | OMe, 
CH,*CMe-00,H CH,*CMe-CO,H 


and of these, in reality, only the former can be deemed worthy of 
serious consideration, for the acid yields hydrazones, a semicarbazone, 
and an oxime only with difficulty, does not unite with hydrogen 
cyanide, and cannot be reduced by such energetic treatment as with 
sodium and boiling amyl alcohol. Such a behaviour is altogether 
unknown in simple ketones and ketonic acids which contain the group- 
ing ‘CH,*CO-CH,:, present in the second of the above formule; the 
properties of such an acid would approach more nearly those of cam- 
phonic acid (Trans., 1900, '77, 454), which has a constitution of that 
kind. The first of the above formule, therefore, apart from any views 
as to the constitution of camphor or camphoric acid, is the only possible 


one, containing as it does the grouping oSo-6:0, which is character- 
C 


ised by an exceptionally feeble tendency to form additive complexes 
(compare Trans., 1901, '79, 379). 

In extending the foregoing observations, we have succeeded in 
devising a second method of converting camphoric acid into cam- 
phononiec acid, through camphanamide as the intermediate stage. In 
this method, advantage was taken of the fact that the additive com- 
pounds of ammonia with aldehydes or ketones are easily broken down 
under the influence of alkalis or acids. In order to obtain the 
analogous compound of camphononic acid, the amide of campbanic 
acid was subjected to the action of sodium hypobromite and excess of 
sodium hydroxide. It was expected that the CO-NH, group would, 
as usual, be converted into the NH, group, and that an unstable 
aminohydroxy-acid of the formula 


_CH,*CMe-CO,H 


would be produced which would at once break down into ammonia and 
tamphononic acid, As a matter of fact, by this process, large quan- 
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tities of the ketonic acid may be prepared, and in a shorter time than 
by any of the methods hitherto discovered. 


EXPERIMENTAL. 


The camphanic acid used in these experiments was prepared from 
bromocamphoric anhydride by boiling it with potassium acetate dis- 
solved in glacial acetic acid, and removing the potassium bromide from 
time to time by filtration, in accordance with Aschan’s directions 
(Acta soc. scient. fenn., 21, No. 5, 1). 

Dry camphanic acid is best made by heating the hydrated crystals 
in a flask at 200°, a stream of air being occasionally drawn through 
the flask to remove the steam. On cooling, it is noticed that the 
whole sets to a semi-transparent mass of crystals, and that this after- 
wards becomes opaque ; this change is due to dimorphism, and is most 
easily observed in the following way. 

The camphanic acid is melted on a microscope slide beneath a cover 
glass ; on cooling, the substance sets rapidly to a transparent isotropic 
mass the structure of which is difficult to distinguish, but consists of a 
conglomeration of crystals resembling ammonium chloride ; almost 
immediately afterwards, the appearance of the second, doubly refract- 
ing, ordinary modification is noticed, the field now becoming distinctly 
crystalline, 

Camphanic acid is very stable towards most, and especially towards 
acid, oxidising agents. Thus, when heated with lead peroxide and 
acetic acid, it does not afford any appreciable quantity of carbon 
dioxide. It is very slowly attacked by nitric acid, however, and is 
practically converted into camphoronic acid, the intermediate com- 
pounds, if any, being less stable towards the agent than camphanic 
acid itself. 

Attempts were made to obtain a ketonic acid by boiling the cam- 
phanic acid with excess of potash to hydrolyse the lactone ring, and 
the resulting solution of the potassium hydroxycamphorate was diluted 
and partially neutralised by means of a stream of carbon dioxide. A 
2 per cent. solution of potassium permanganate was then run in, and 
as it was found that decolorisation occurred only very slowly, excess 
of the oxidising solution was added, and the whole allowed to remain 
for several days at 0°; the solution was then decolorised by means of 
sulphurous acid, heated, filtered, and evaporated. On acidifying and 
extracting the residue with ether, an oily mixture was obtained, which 
soon deposited a considerable quantity of crystals of unaltered cal 
phanic acid ; the remaining portion gave a very small deposit when 

warmed with a solution of phenylhydrazine acetate, but the amount of 
this was insufficient to be of any value for further investigation. 


CAMPHANIC ACID AND OF BROMOCAMPHORIC ANHYDRIDE. 1289 


Experiments were then tried with campholactonic acid, which is 
usually supposed to be closely related to camphanic acid, as it was 
possible that it might be the hydroxy-acid corresponding with cam- 
phononic acid. It was made by hydrolysing purified campholactone, 
and formed beautiful, white crystals melting at 146°. The purified 
acid was dissolved in sodium carbonate solution, cooled to 0° and 
treated in the usual manner with dilute potassium permanganate, 
which at first. was instantly decolorised, but when a comparatively 
small quantity had been added, retained its colour for a long time. 
The products, isolated in the usual way, contained substances of a 
ketonic character, but the insoluble phenylhydrazones obtained from it, 
curiously enough, were insoluble in dilute sodium carbonate, and were, 
therefore, not simple hydrazones of ketonic acids. From this it would 
appear that campholactonic acid is not genetically related to cam- 
phononic acid in the simple manner commonly supposed.* 


O 
Preparation of Camphanamide, NH,*CO-C,H, 5, 0’ 


In attempting to obtain camphanamide, the first experiments were 
made with the object of preparing it from the chloride of camphanic acid. 
For this purpose, the dry, finely powdered acid was heated in a flask 
with a large excess of phosphorus trichloride for several hours, the 
excess of the latter boiled off, the residue dissolved in ether to render 
it more easy to manipulate, and the ethereal solution gradually poured 
into strong aqueous ammonia, which was kept at 0° and shaken con- 
tinuously, A small quantity of a white, pulverulent substance 
separated, which was collected by filtration, washed, and crystallised 
from methyl aleohol, when it separated in brilliant prisms melting 
at 160°. 

When warmed with dilute soda, the substance slowly dissolved, and 
on acidifying the resulting solution, a sparingly soluble acid separated. 
This melted at 160°, with evolution of water vapour, solidified im- 
mediately, and afterwards melted at the same temperature as the 
original amide. 

The properties of the two foregoing substances resembled very 


CH,’CMe 
Mr 
* The author has suggested the formula CMe as a probable one for 
| 
CH,"CMe*CO,H 
lauronolic acid (Brit. Assoc. Report, 1900, 327). If this is correct, then the formula 


for the corresponding y-hydroxy-acid, namely, campholactonic acid, would be 
CH,’CMe—O 


CHMe . 
CH,*CMe—UO 
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closely those of the compound obtained by Wreden from bromocam- 
phoric anhydride by heating it with ammonia in closed tubes (loc. cit.), 
and it was thought, therefore, that a better yield might be obtained 
by his process. On repeating his experiments, it was found that the 
compounds were, in fact, identical, and, moreover, that it was un- 
necessary to employ heat during the process, as, when the bromo- 
anhydride was sufficiently finely powdered, a marked development of 
heat occurred spontaneously on adding it to ammonia. We have, 
therefore, used the following process in preparing the amide. 

The anhydride is powdered as finely as possible, passed through a 
fine sieve, and projected, in small quantities at a time, into a flask 
containing strong aqueous ammonia (sp. gr. 0°880), which is agitated 
during the whole time to. prevent the formation of lumps. In the 
course of 24 hours, the powder is converted into a mass of minute 
needles, which may be collected at the pump, washed, and crystallised 
from methyl alcohol or acetone. On analysis: 


0:1947 gave 0°4377 CO, and 0°1371 H,O. C=60°8; H=7%. 
0°2390 ,, 13°9 ¢.c. moist nitrogen at 13° and 750 mm, N=6'. 
C,,»H,,0,N requires C=60°9; H=7°6 ; N=7°1 per cent. 


Camphanamide has all the properties ascribed to it by Wreden 
(loc. cit.). It dissolves sparingly in water, cold alcohol, or ethyl 
acetate, more readily in hot methyl or ethyl alcohol or acetone, 
and separates from the last-named solvent in beautiful, transparent 
prisms of calcite-like lustre. 

The crystals are apparently of rhombic symmetry ; in crushed frag- 
ments, in convergent polarised light, a wide biaxial figure is occasion- 
ally seen. ‘The melted substance solidifies readily in long needles, 
flattened in a direction perpendicular to the optic axial plane. The 
directions of greatest length and elasticity are at right angles to one 
another, 

That the compound is in reality an amide, and not, as Wreden sup- 
posed, a hydroxyimide, is shown by the fact that it does not behave like 
an imide in any way, and gives no silver compound on treatment with 
ammonia and silver nitrate. Its identity with the substance obtained 
from the chloride uf camphanic acid tells in favour of the view that 
it isan amide. Further, and perhaps more conclusive, evidence is 
afforded by the fact that it was not found possible, even with Franebi- 
mont’s mixture of acetic anhydride and sulphuric acid, to prepare at 
avetyl derivative, the substance remaining unattacked after treatment 
for several hours at 130°. 

Camphanamic Acid, NH,*CO-C,H,,(OH)-CO,H.—This compound is 
easily prepared by warming powdered camphanamide with 10 per cent. 
sodium hydroxide solution, and, after precipitation with hydrochlone 


ac 
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acid, may be crystallised from dilute alcohol. A specimen was } 
analysed, after exposure at 100° for 9 hours. He 


0:2172 gave 0°4529 CO, and 0°1613 H,O. C=568; H=8:2. 
C, oH,,0,N requires C=56:0 ; H=7°9 per cent. i] 


The substance, when crystallised from dilute alcohol, contains 1 mol. 
of water of crystallisation. It dissolves somewhat readily in alcohol, 
is sparingly soluble in ethyl acetate, and insoluble, or nearly so, in 
benzene or light petroleum. From a mixture of methyl alcohol and 
ethyl acetate, it separates in beautiful, transparent prisms of consider- 


| able size, which have a brilliant lustre, a well-marked plane of cleavage, 
and readily break up into thin plates. The double refraction is weak. 
‘ The melting point of the substance is difficult to determine with 
" any certainty, owing to the difficulty of getting rid of the water of 
i crystallisation and the readiness with which the acid is converted into 
the lactone. When slowly heated, it melts at 160°, as stated by 
Wreden, but when the tube containing it is plunged into sulphuric 
acid at 155°, fusion does not occur until a temperature of 165—166° 
is reached. In all cases, an effervescence, due to the escape of water- 
vapour, accompanies the fusion, and the residue soon solidifies, the 
~ mass melting once more at 208°, the melting point of camphanamide. 
yl A dilute solution of the ammonium salt gives no precipitate with 
e, solutions of calcium or barium salts ; a white precipitate is produced 
nt with warm basic lead acetate, and with ferric chloride a nearly 
white precipitate is formed, which, on warming, disappears, the 
- whole becoming reddish-brown. 
n- 
> Action of Dehydrating Agents on Camphanamide. 
ne Camphanonitrile, CN OFi<ho . 
up- Camphanamide is not easily converted into the corresponding nitrile ; 
ike zine chloride, phosphoric oxide, or phosphoric sulphide either pro- 
rith duced no effect on it or converted it intoa charred mass. By the 
ned following process, however, a small quantity of the desired product 
shat may be obtained. 
@ is The finely powdered amide is placed in a flask, uncovered, with a 
chi- large excess of phosphorus trichloride, one molecular proportion of 


p al phosphorus pentachloride is added, and the whole heated on the water- 
bath until the particles of the amide are no longer distinguishable. 
The flask is then cooled, and the contents are poured slowly on to 
powdered ice which is kept well stirred. Chloroform is then added, 
the whole well shaken, and the chloroform ertract shaken repeatedly 
with very dilute sodium carbonate solution, dried with calcium 
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chloride, and evaporated to dryness. The green or greenish-black, 
oily residue is extracted repeatedly with large quantities of light 
petroleum, and the waxy material which separates from the hot solu- 
tions crystallised several times from the same solvent, until it melts 
at 135°. A specimen dried in a vacuum was analysed: 


0°2345 gave 0°5777 CO, and 0:1506 H,O. C=67:2; H=7'1. 
C,,)H,,0,N requires C=67-0 ; H=7°3 per cent. 


Camphanonitrile forms soft, fern-like crystals resembling those of 
ammonium chloride, which aggregate on pressure to a waxy, camphor- 
like mass. Melted on a slip of glass, it solidifies rapidly and com- 
pletely, forming skeleton crystals whose branches are rectangularly 
arranged, the whole being completely isotropic. The highest meltingmoint 
observed for the substance was 135—137°, but was never quite sbii» 
and it is possible that this temperature is a few degrees too lew. 
When heated slowly at a higher temperature, the substance distils, 
apparently without much decomposition, and the vapour has an odour 
resembling that of raspberries. 

The nitrile dissolves in about five times its weight of sulphuric-acid 
without decomposition, and if the solution is mixed with an equal bulk 
of fuming acid (25 per cent. SO,) and the mixture poured into icé,a 
small quantity of nearly pure camphanamide is obtained, showing that 
no structural change has been involved in the action of dehydrating 
agents on the amide. - * 


Action of Alkalis on Camphanonitrile. Formation of Camphononic Acid, 


When camphanonitrile is covered with 20 per cent. aqueous potassium 
hydroxide, no immediate effect is observed, but if the whole is warmed 
or allowed to stand for some time the solid slowly disappears and 4 
clear solution is finally obtained. On acidifying this solution, efferves 
cence occurs and a strong odour of hydrogen cyanide becomes perceptible, 
the actual presence of this substance being easily shown by the usual 
tests. 

When the strongly acidified solution is extracted with chloroform ia 
the usual way, a transparent, waxy mass remains on evaporating the 
extract. This substance crystallises from ethyl bromide in small prisms 
melting at 228° and has all the properties of camphononic acid. 1 
analysis : 

0°3713 gave 0°8583 CO, and 0:2760. C=63:1; H=8'l. 

C,H, ,0, requires C=63°5 ; H=8'2 per cent. 


In order to obtain further proof of the identity of the acid, it was 
converted into the oxime. This crystallised from methyl alcohol 
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large, transparent rhombohedra which rapidly became opaque on ex- 
posure to the air, and as the substance melted at 186—187° the 


' jdentity of the acid with camphononic acid was certain. 


Action of Sodium Hypobromite and Sodium Hydroxide on 
Camphanamic Acid. 


Eighteen grams of the amide were dissolved in 100 c.c. of 10 per 
cent. sodium hydroxide solution by the aid of warmth ; to the resulting 
liquid 13 c.c. of bromine dissolved in 350 c.c. of sodium hydroxide were 
added, and the whole was heated on the water-bath for an hour. The 
excess of hypobromite was removed by means of sodium sulphite, and 
the liquid then acidified and evaporated to dryness, any unaltered amide 
which separated during this process being removed from time to time. 
The residue was then extracted with dehydrated methylated spirit, and 
the extracted matter shaken with chloroform several times, the extract 
being evaporated to dryness. A waxy or oily residue remained, which 
was first triturated with ethyl bromide and afterwards crystallised 
from the same solvent. 

The substance thus obtained consisted almost entirely of pure 
camphononic acid, as was proved by the methods just described. By 
the treatment of 55 grams of camphanamide in this way, the recovered 
amide being repeatedly subjected to the same process, a quantity of 
pure camphononic acid weighing 17 grams was finally obtained, and 
the process occupied only a few days. 

CHEMICAL DEPARTMENT, SCHOOL OF PHARMACY, 
BLOOMSBURY SQUARE, W.C. 


CXXXVI.—The Chlorodibromo- and Dichlorobromo- 
benzenes. 
By Wi.u1am Hoipsworts Hurt.ey, D.Sc. (Lond.). 


Accorpine to theory, there should be twelve trisubstituted benzenes 
containing either one atom of chlorine and two atoms of bromine, or 
two of chlorine and one of bromine. Six of these are unsymmetrical 
in structure, two symmetrical, and four vicinal. Of these twelve, the 
two symmetrical compounds have been obtained by Hantzsch, Schleis- 
sing,and Jager (Ber., 1897, 30, 2334); the s-chlorodibromobenzene 
by the transformation of the acid s-tribromobenzenediazonium 
chloride ; and the s-dichlorobromobenzene by the transformation of 
the same compound on standing and warming. The s-chlorodibromo- 
VOL. LXXIX. 4uU 
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benzene was also obtained by them from 3:5-dibromoaniline, by re- 
placing the amino-group by chlorine. 

In this paper, the preparation of all the twelve chlorobromobenzenes 
fromanilines of knownconstitution is described. The unsymmetrical com- 
pounds were all obtained by replacing the amino-group in di-halogen 


‘amines by chlorine or bromine, and, for this purpose, Gattermann’s 


well-known method (Ber., 1890, 23, 1222) was employed. Several of 
the unsymmetrical compounds were also obtained by replacing the 
amino-group in tri-halogen anilines by hydrogen. 

The symmetrical and vicinal compounds were prepared by replacing 
the amino-group in the corresponding chlorobromoanilines by hydrogen, 
by the method first described by Griess (Annalen, 1866, 137, 67). 
Any unsymmetrical tri-halogen benzene can be prepared from acet- 
anilide by introducing two halogen atoms, when a compound of the 

NHAc 


~*~ 
formula $a results, where X, and also Y, may be either chlorine 
Y 


or bromine. On hydrolysing the acetyl derivative and replacing the 
amino-group by chlorine or bromine, the desired compound is obtained. 
Further treatment with a halogen converts the 2:4-halogen anilines 
into the symmetrical tri-halogen compounds, from which the sym- 
metrical chlorodibromo- or dichlorobromo-benzenes are obtained by 
removing the amino-group. Thus: 


~~ tat 
\x x’: Sx 
| —> | —_> 
, wv, 
Y Y 


where X, and also Y, may be either chlorine or bromine. 

Two, and only two, tri-halogen anilides are obtained when a mets 
halogen anilide is treated with chlorine or bromine. One of these has 
a higher melting point, is less soluble in alcohol, 50 per cent. acetic acid, 
or benzene, and is formed in much larger amount than the other. The 
substance of higher melting point has the halogens in the positions 
2:4:5; this is proved: 

(a) By hydrolysing the acetyl derivative and removing the amino 
group, when an unsymmetrical tri-halogen benzene results. 

(b) By the fact that the same anilide is obtained as principal pro 
duct on introducing one halogen atom into the 3: 4-halogen anilide. 

The other anilide may have the halogen atoms in the positions 
2:3:4,3:4:5, or 2:3:6. Itis produced together with a large 
amount of the isomeric 2 : 4 : 5-compound when one halogen atom enters 
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into the 3: 4-di-halogen anilide, and, on removing the amino-group, 
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does not yield an unsymmetrical tri-halogen benzene. Hence it is not a 
9:3:6-derivative. It is not a dimeta-derivative, because, apart from 
the improbability of the formation of such a compound, I have shown 
that on brominating m-dichloroacetanilide the product is not identical 
with that which resultson chlorinating m-bromoacetanilide, although 
both yield the same dichlorobromobenzene. The anilide having the lower 
melting point must therefore be a 2:3: 4-derivative. Thus we have: 


NH, NH, 
em net yd OF 
> < 
Ee sets ex oul 2 * - Wa 
¥ ¥ ¥ 
Ox oe aa NH, 
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If this scheme is correct, we should obtain as final products the 


Br » (Br 
compounds \ a and \ Jor , On brominating m-chloroacet- 
Br 
anilide ; the first compound should be identical with that prepared by 
replacing the amino-group in 2 : 4-dibromoaniline by chlorine, and the 
second with that formed on replacing the amino-group in 2 ; 6-dibromo- 
aniline by chlorine. This has been shown to be the case. 

The quantities of the tri-halogen benzenes at disposal for the deter- 
mination of chemical and physical properties were about 3 grams each 
in the case of vicinal derivatives, and about 10 grams in each of the 
others. The vicinal compounds crystallise in well-defined, rhombic 
plates, the symmetrical in long, slender prisms, and the unsymmetrical 
in short, thin prisms. 

The chlorodibromo- and dichlorobromo-benzenes are very soluble in 
benzene, ether, chloroform, or petroleum, but less so in alcohol, from 
which they can all be readily crystallised. The unsymmetrical com- 
pounds are very slowly volatile in steam, in which, however, the sym- 
metrical and vicinal derivatives volatilise readily. The vicinal and 
unsymmetrical compounds have a characteristic bromobenzene-like 
odour, whilst the symmetrical derivatives have a very faintly mouldy 
one, 

The melting and boiling points of these tri-halogen benzenes show 
interesting regularities ; these constants, with those of the trichloro- 
and tribromo-benzenes, are collected in the following table : 
4U2 


———————————— 
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Trichlorobenzenes. Tribromobenzenes. 


Dichlorobromobenzenes. Chorodibromobenzenes. 


C1:Cl:Br Mz. p. B. p. Cl:Br:Br. Mz. p. B. p. 
24°5° 237° 1:3:4 36° 256° 
25 235 | 1:2:4 27 258 
33 235 1:2:5 40°5 259 
60 243 { 1:2:3 735 264 
65 242 1:2:6 69°5 265 
775 = -232 1:3:5 99°5 256 


A consideration of this table shows that the melting point depends 
on both the nature and position of the substituents, whilst the boiling 
point depends more on the former than on the latter. Thus, the 
melting point of 1 : 3-dichloro-2-bromobenzene is 32° higher than that 
of 1; 4-dichloro-2-bromobenzene, whilst the boiling points differ only 
by 7°; the melting point of 1-chloro-2 : 3-dibromobenzene is 33° higher 
than that of 1-chloro-2 : 5-dibromobenzene, whilst the boiling points 
differ only by 5°; the melting ‘points of the symmetrical compounds 
are much higher, but their boiling points are slightly lower, than those 
of the unsymmetrical derivatives. The symmetrical compounds have 
the highest melting point, the vicinal are intermediate, and the un- 
symmetrical have the lowest melting point ; this is also true for the 
trichloro- and tribromo-benzenes. 

In the case of the boiling points, the vicinal compounds boil at the 
highest temperature, the unsymmetrical are intermediate, and the 
symmetrical compounds have the lowest boiling points, This order 
applies to the trichlorobenzenes and also to the trimethylbenzenes. 
The boiling point of the vicinal tribromobenzene is not given in Beil- 
stein’s Handbuch, and those of the unsymmetrical and symmetrical 
compounds are given as 275° and 278° respectively. As the sym 
metrical tribromobenzene would be expected to conform to the same 
rule as the other compounds, and boil at a lower temperature than the 
unsymmetrical derivative, I made a specimen of this substance by 
removing the amino-group from symmetrical tribromoaniline, avd 
purified the product by crystallisation from alcohol and distillation i 
a vacuum ; it boiled at 271° under 765 mm. pressure, thus conforming 
to the rule. 


DICHLOROBROMO-BENZENES. 


EXPERIMENTAL. 
1 : 2-Dichloro-4-bromobenzene. 


This compound was prepared from 2-chloro-4-bromoacetanilide, which 
was obtained from p-bromoacetanilide by the method described by 
Chattaway and Orton (this vol., p. 820). 

The base from the 2-chloro-4-bromoacetanilide was dissolved in a 
large excess of concentrated hydrochloric acid (ten times the calculated 
quantity), some water added, diazotised at 0° with sodium nitrite, and 
the solution of the diazochloride added to freshly made, well washed, 
precipitated copper. This product was extracted with chloroform, 
filtered, the chloroform removed by distillation, and the residue dis- 
tilled in a vacuum. From the non-volatile portion, by washing with 
ether, a substance having all the properties of an azo-derivative was 
isolated ; it is being examined. The 1 : 2-dichloro-4-bromobenzene was 
again distilled in a vacuum, when it boiled constantly at 124° ander 
33 mm. pressure, with the oil-bath at 134°. When crystallised from 
alcohol, it formed short prisms melting at 24°5°. It boiled at 237° 
under 757 mm. pressure. This and all the other boiling points under 
atmospheric pressure, described in this paper, were determined by 
Siwoloboff’s method (Ber., 1886, 19, 795). 


0'1787 gave 0°3757 AgCl + AgBr and 0:2553 Ag. Cl= 30°63; Br = 36°74, 
C,H,Cl,Br requires Cl = 31°38 ; Br= 35°40 per cent.* 


1 : 3-Dichloro-4-bromobenzene. 


The amino-group in 2: 4-dichloroaniline was replaced by bromine 
exactly as above described, except that hydrobromic acid was used 
in place of hydrochloric acid. Gattermann states that a mixture of 
sulphuric acid and potassium bromide can be added to the diazo- 
chloride in place of hydrobromic acid, but in this preparation a better 
yield resulted when the latter was used. On distilling the copper mix- 
ture in a current of steam, it was found that the product came over very 
slowly, and, subsequently, extraction with chloroform was used instead 
of this process. On distillation in a vacuum, the dichlorobromobenzene 
boiled at 111° under 21 mm. pressure, with the oil-bath at 130°. It 
crystallised in clusters of small, white prisms which melted at 25° and 
boiled at 235° under 751 mm. pressure, 

* The mixed silver salts were weighed in a small Gooch crucible ; this was then 
placed in a small Rose crucible and heated in a stream of dry hydrogen. In the 
above analysis, the mixed chloride and bromide was only 0°0002 too high and the 
silver 00008 too low ; as these errois are in opposite directions they make the found 
Percentages of chlorine and bromine show considerable divergence from the caleu- 
lated values. This occurs in two or three cases in the present paper. 
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0°1586 gave 0°3350 AgOl + AgBr and 0°2291 Ag. Cl = 32-05; Br = 34°71, 
C,H,Cl,Br requires Cl = 31°38 ; Br = 35°40 per cent. 


This compound was also prepared by removing the amino-group 
from 2 ; 4-dichloro-5-bromoaniline (p. 1802). 


1 : 4-Dichloro-2-bromobenzene. 


2-Bromo-4-chloroaniline was employed for the preparation of this 
compound. p-Chloroacetanilide was dissolved in glacial acetic acid, 
and to the solution one molecular proportion of bromine dissolved in 
acetic acid was added, along with some fused sodium acetate. The 
product so obtained was precipitated by water, crystallised from 
alcohol, and hydrolysed, and the amino-group of the resulting aniline 
replaced by chlorine. After extraction with chloroform and removal 
of the latter by distillation, the residue was distilled in a vacuum, 
From the non-volatile portion an azo-compound was isolated by wash- 
ing with ether. The distillate was redistilled, and came over at 119 
under 26 mm. pressure, with the bathat 141°. 1: 4-Dichloro-2-bromo- 
benzene crystallised from alcohol in short prisms, melted at 33°, and 
boiled at 235° under 751 mm. pressure. 


0°2812 gave 05898 AgCl + AgBr and 0°4014 Ag. Cl = 30°87; Br=36:13, 
C,H,Cl,Br requires Cl=31°'39 ; Br= 35-40 per cent. 


This compound was also obtained by removing the amino-group from 
8 : 6-dichloro-4-bromoaniline (p. 1301). 


1-Chloro+3 : 4-dibromobenzene. 


On replacing the amino-group in'2-bromo-4-chloroaniline by bromine, 
only a very poor yield of this compound was obtained. Accordingly, 
another method of preparation was used: 3 : 4-dibromoacetanilide was 
prepared by dissolving m-bromoacetanilide in glacial acetic acid, and 
adding the calculated amount of bromine, also dissolved in glacial 
acetic acid. After precipitation by water, and crystallisation from 
alcohol, a pure product was obtained (compare Korner, (azzetia, 
1874, 4, 330). This was hydrolysed, and the amino-group © 
placed by chlorine, the rest of the process being exactly similar to 
that already described. Under 19 mm. pressure, the new compound 
distilled at 121°, with the bath at 141°. As the distillate was 
slightly green, it was distilled in steam, and three times crystal 
lised from alcohol. 1-Chloro-3 : 4-dibromobenzene crystallised in short 
prisms, which melted at 35°5°, and boiled at 256° under 760 mm 
pressure. 


PREEEs? SEE 
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02232 gave 0°4285 AgCl + AgBr and 0°2665 Ag. Cl = 12°68 ; Br = 59°83. 
C,H,ClBr, requires Cl= 13-11; Br=59'14 per cent. 


This compound was also obtained by replacing the amino-group in 
2-chloro-4 : 5-dibromoaniline by hydrogen (p. 1305), 


1-Chloro-2 : 4-dibromobenzene. 


The amino-group in 2 ; 4-dibromoaniline is easily replaced by chlorine, 
and the new compound is obtained in a pure condition in exactly the 
same way as the preceding substance. Under 41 mm, pressure, and 
with the bath at 152°, it boils at 139°; its melting point is 27°, and 
it boils at 258° under 757 mm. pressure. 


0'1878 gave 0°3593 AgCl + AgBr and 0°2240 Ag. Cl=13°04; Br=59-04. 
C,H,ClBr, requires Cl= 13°11 ; Br=59°14 per cent. 


This compound was also obtained by eliminating the amino-group 
from 3-chloro-4 ; 6-dibromoaniline (p. 1304). 


1-Chloro-2 : 5-dibromobenzene. 


p-Dibromobenzene was prepared by brominating benzene in presence of 
iodine (Jannasch, Ber., 1877, 10, 1355), and nitrated by careful addition 
of fuming nitric acid, the mixture being kept cool during the process. 
The p-dibromonitrobenzene was reduced by tin and hydrochloric acid, 
the amino-group in the resulting aniline replaced by chlorine, and the 
l-chloro-2 :5-dibromobenzene purified as above. It distils at 121° 
under 24 mm. pressure, with the bath at 150°. 

Another method employed for its preparation was as follows. 3-Bromo- 
4chloroacetanilide was prepared from m-bromoacetanilide by trans- 
formation of the nitrogen chloride of the latter, and separated from 
the 3-bromo-6-chloroacetanilide formed at the same time by bydrolysing 
the mixed anilides with alcohol and sulphuric acid and distilling the 
product in steam, when 3-bromo-4-chloroaniline remained behind as 
sulphate, This salt was decomposed, and the aniline purified by 
distillation in steam and crystallisation from chloroform. After 
acetylation, the resulting anilide was brominated, yielding 2 : 5-dibromo- 
4-chloroacetanilide which, on hydrolysis and removal of the amino-group, 
gave 1-chloro-2 : 5-dibromobenzene. 

This chlorodibromo-derivative melts at 40°5° and boils at 259° under 
764 mm. pressure. 


01701 gave 0:3299 AgCl + AgBr and 0:2065 Ag, Cl= 13°85; Br = 58-69 
C,H,Cl1Br, requires Cl= 13°11; Br= 59°14 per cent. 
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1 : 3-Dichloro-5-bromobenzene. 


2 : 4-Dichloro-6-bromoaniline was prepared by adding a glacial acetic 
acid solution of the calculated amount of bromine to a solution of 
2:4-dichloroaniline in the same solvent, in presence of fused sodium 
acetate. The product was precipitated by water and crystallised from 
alcohol. The amino-group, in this and all other cases referred to in 
this paper, was removed as follows. The aniline was treated with 
sulphuric acid of such a strength that it dissolved fairly readily on 
warming. The solution, cooled to 0°, was saturated with nitrous fumes 
from arsenious oxide and nitric acid (sp. gr. 1°35), and the resulting 
green liquid poured into excess of alcohol. On warming, the 1 : 3.di- 
chloro-5-bromobenzene crystallised out and was purified by distillation 
in steam and two crystallisations from alcohol. 

This compound was also obtained by the following method. p-Bromo- 
aniline, dissolved in glacial acetic acid, was saturated with chlorine, . 
made alkaline, and distilled insteam. The 2: 6-dichloro-4-bromoaniline 
so obtained was crystallised from alcohol and the amino-group removed 
as just described. 

1 : 3-Dichloro-5-hromobenzene crystallises in long, slender prisms 
having a very faint, mouldy odour, melts at 775°, and boils at 232° 
under 757 mm. pressure. Hantzsch (Joc. cit.) gives its melting point as 
82—84°. 


0°1680 gave 0°3538 AgCl + AgBr and 0°2411 Ag. Cl=31-25 ; Br=35'83. 
C,H,Cl,Br requires Cl = 31°38 ; Br= 35-40 per cent. 


1-Chloro-3 : 5-dibromobenzene. 


A glacial acetic acid solution of p-chloroaniline was treated with 4 
solution of 2 mols. of bromine in the same solvent, in presence of fused 
sodium acetate. The resulting 2: 6-dibromo-4-chloroaniline was pre- 
cipitated from the solution by water, crystallised from alcohol, and the 
amino-group removed as already described. To purify the product, it 
was distilled in steam and crystallised twice from alcohol. 

This compound was also prepared in a precisely similar manner from 
o-chloroaniline. 

1-Chloro-3 : 5-dibromobenzene closely resembles the symmetrical 
dichlorobromobenzene. It melts at 99°5° and boils at 256° under 757 
mm. pressure. Hantzsch (Joc. cit.) gives the melting point as 96°. 


01660 gave 0-3216 AgCl+ AgBrand 0°2011 Ag. Cl= 13-63; Br=58'89. 
C,H,C1Br, requires C] = 13°11; Br=59-14 per cent. 


This compound was also prepared from 3 : 5-dibromoaniline (10 grams 
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of which Dr. Chattaway kindly gave me for this purpose) by replacing 
the amino-group by chlorine. 


1 : 2-Dichloro-3-bromobenzene. 


m-Chloroacetanilide was dissolved in glacial acetic acid and the solu- 
tion treated in presence of fused sodium acetate with the calculated 
amount of bromine also dissolved in acetic acid. On precipitating the 
product by water and crystallising from alcohol, pure 3-chloro-4-bromo- 
acetanilide was obtained. This substance was dissolved in glacial 
acetic acid and saturated with dry chlorine, when a crystalline solid 
separated. The solid and the mother liquor were worked up separately 
as follows. 

The solid was principally a mixture of nitrogen chlorides ; so it was 
dissolved in alcohol and a little ammonia added to decompose them. 
From this solution crystals melting at about 170° separated ; they were 
recrystallised until they melted constantly at 189°. The mother liquor 
from the crystals, melting at 170°, was precipitated by water and the 
precipitate crystallised from alcohol, when a product melting at about 
135° resulted, which was recrystallised until it melted constantly at 
138°5°. 

The mother liquor was precipitated by water and the product dissolved 
in alcohol, some ammonia being added for the reason just given. The 
crystals thus obtained melted at about 132°; and by repeated crystal- 
lisation from alcohol were separated into a small quantity of the 
anilide melting at 189°, and a second anilide melting constantly at 
138°5°. 

3 : 6-Dichloro-4-bromoacetanilide crystallises in thin prisms and is 
sparingly soluble in alcohol, benzene, or 50 per cent. acetic acid. It 
melts at 189°. 


02143 gave 0°3596 AgCl + AgBr and 0°2454 Ag. Cl= 25°13; Br = 28°16. 
C,H,ONCI,Br requires Cl= 25:06 ; Br= 28-26 per cent. 


3 : 6-Dichloro-4-bromoaniline, obtained from the anilide by hydrolysis 
with alcohol and sulphuric acid, crystallises in needles. It is readily 
soluble in alcohol, petroleum, or ether, and melts at 91°. 


0:2144 gave 04218 AgCl + AgBr and 0:2875 Ag. Cl= 29°23; Br = 33°33. 
C,H,NCI1,Br requires Cl = 29°43 ; Br = 33:19 per cent. 


The constitution of this aniline, and therefore that of the anilide 
also, was proved by removing the amino-group, when 1 : 4-dichloro- 
2-bromobenzene was obtained. 

2: 3-Dichloro-4-bromoacetanilide is far more soluble in alcohol, benzene, 
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or 50 per cent. acetic acid than the isomeric unsymmetrical anilide, It 
crystallises in prisms and melts at 138°5°. : 


0°2150 gave 0°3602 AgCl + AgBr and 0°2453 Ag. Cl= 24°75; Br = 28:68, 
C,H,ONCI,Br requires Cl= 25-06 ; Br = 28°26 per cent, 


2 : 3-Dichloro-4-bromoaniline is readily soluble in alcohol, benzene, 
petroleum, or ether ; it crystallises in needles and melts at 77°5°. 


0°2374 gave 04688 AgCl + AgBr and 0°3198 Ag, Cl = 29°50; Br = 33-27, 
C,H,NCI,Br requires Cl = 29°43 ; Br=33-19 per cent. 


1 : 2-Dichloro-3-bromobenzene.—The amino-group in the preceding 
compound was removed by the method already described and the 
product purified by distillation in steam and crystallisation from 
alcohol. From dilute alcohol, it crystallises in leaflets, but from 
absolute alcohol in well defined, rhombic plates. It melts at 60° and 
boils at 243° under 765 mm. pressure. 


0'1501 gave 0°3130 AgCl + AgBr and 0°2131 Ag. Cl= 30°75; Br=35:79, 
C,H,Cl,Br requires Cl= 31-38 ; Br = 35:40 per cent. 


1 : 3-Dichloro-2-bromobenzene. 


m-Bromoacetanilide was chlorinated in glacial acetic acid solution 
and the two anilides which resulted were separated exactly as in the 
case of the preceding compound. 

2 : 4-Dichloro-5-bromoacetanilide crystallises in short prisms and melts 
at 192°. 


02280 gave 0°3774 AgCl + AgBr and 0:2574 Ag. Cl = 24°72 ; Br = 2788. 
C,H,ONCI,Br requires Cl= 25°06 ; Br = 28-26 per cent. 


2: 4-Dichloro-5-bromoaniline crystallises in flattened prisms, melts at 
86°, and distils at 163° under 16 mm. pressure. 


02436 gave 0:4811 AgCl + AgBr and 0-3269 Ag. Cl = 28°77; Br = 34°53. 
C,H,NCI,Br requires Cl= 29°43 ; Br= 33:19 per cent. 


The constitution of this aniline was proved by removing the amino 
group when | : 3-dichloro-4-bromobenzene was obtained. 

2: 4-Dichloro-3-bromoacetanilide crystallises in prisms from alcohol 
and in long, fine needles from benzene. It melts at 138°. 


02013 gave 0°3405 AgCl + AgBrand 0-2322)Ag. Cl = 25-21 ; Br = 2859. 
C,H,ONCI,Br requires Cl= 25°06 ; Br = 28-26 per cent. 


2: 4-Dichloro-3-bromoaniline erystallises in plates which melt at 78°. 
It distils at 172° under 22-mm, pressure. 
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0:2090 gave 0°4083 AgCOl + AgBr and 0:2778 Ag. Cl= 28°69; Br= 33°74. 
C,H,NCI,Br requires Cl = 29°43 ; Br = 33°19 per cent. 


1 : 3-Dichloro-2-bromobenzene is produced on eliminating the amino- 
group from the last-mentioned compound. It resembles the preceding 
vicinal dichlorobromobenzene, melts at 65°, and boils at 242° under 
765 mm. pressure. 


0:1489 gave 0°3117 AgCl + AgBr and 0'2126 Ag. Cl=31-24; Br = 35°32. 
C,H,Cl,Br requires Cl = 31°38 ; Br = 35°40 per cent. 


This compound was also obtained by the following method: Dry 
p-uitroaniline was added to dry benzene and treated with dry chlorine, 
when much heat was developed and the benzene appeared to boil 
owing to the escape of hydrogen chloride. The yield of 2: 6-dichloro- 
4-nitroaniline is quantitative, and this method of chlorination is more 
convenient than that employed by Witt (Ber., 1875, 8, 143), namely, 
treatment of a hydrochloric acid solution of p-nitroaniline with potass- 
ium chlorate. In the 2: 6-dichloro-4-nitroaniline, the amino-group was 
eliminated and the resulting 3 : 5-dichloronitrobenzene reduced by tin 
and hydrochloric acid. By acetylation of the base, 3 : 5-dichloroacet- 
anilide was prepared and this was treated with one molecular propor- 
tion of bromine in presence of fused sodium acetate. On addition of 
a little water to the acetic acid solution, a solid melting at 215° separ- 
ated, which, after being twice crystallised from acetic acid, melted 
constantly at 220°.- It formed short prisms. 


0:1994 gave 0°3337 AgCl + AgBr and 0:2272 Ag. Cl= 24-69; Br= 28°75 
C,H,ONCI,Br requires Cl = 25:06 ; Br= 28-26 per cent. 


On hydrolysis, the anilide yielded an aniline which was purified by 
distillation in steam and crystallisation from alcohol. This base 
crystallised in rather long needles and melted at 129°. 


0:2099 gave 0°4130 AgCl + AgBr and 0°2812 Ag. Cl= 29°17; Br= 33°75, 
C,H,NCI,Br requires Cl = 29°43 ; Br= 33°19 per cent, 


From this aniline by elimination of the amino-group 1 : 3-dichloro-2- 
bromobenzene was obtained. 


1-Chloro-2 : 6-dibromobenzene. 


From m-chloroacetanilide, by bromination, there was first prepared 
3-chloro-4-bromoacetanilide in pure condition, and from this by treat- 
ment with one molecular proportion of bromine, a mixture of the 
unsymmetrical and vicinal chlorodibromoacetanilides resulted. These 
anilides were separated in a precisely similar manner to those described 
under 1 : 2-dichloro-3-bromobenzene. 
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3-Chloro-4 : 6-dibromoacetanilide crystallises in thin prisms and melts 
at 174°. 


0°2593 gave 0°4108 AgCl + AgBr and 0:2562 Ag. Cl= 10°67; Br = 48°81. 
C,H,ONCIBr, requires Cl= 10°82; Br=48°84 per cent. 


3-Chloro-4 : 6-dibromoaniline has been obtained by Wheeler and 
Valentine (Amer. Chem. J., 1899, 22, 270). Its constitution is proved 
by removing the amino-group, when it yields 1-chloro-2 : 4-dibromo- 
benzene, 

3-Chloro-2 : 4-dibromoacetanilide crystallises in prisms melting at 
152°. 


0°2192 gave 0°3480 AgCl + AgBr and 0:2169 Ag. Cl= 10°75; Br = 49-06. 
C,H,ONCIBr, requires Cl= 10°82 ; Br = 48°84 per cent. 


3-Chloro-2 : 4-dibromoaniline crystallises in plates which melt at 88°, 


01772 gave 0°3231 AgCl + AgBr and 0°2016 Ag. Cl = 12°52; Br=56:05. 
C,H,NCIBr, requires Cl=12°42; Br=56-02 per cent. 


1-Chloro-2 : 6-dibromobenzene, obtained from the last-mentioned com- 
pound by replacing the amino-group by hydrogen, closely resembles 


the preceding vicinal chlorodibromobenzenes. 

This compound was also obtained from 2 :6-dibromoaniline, for 
which [ am indebted to Dr. Orton, by replacing the amino-group by 
chlorine—a reaction which goes very smoothly. 

It melts at 69°5° and boils at 265° under 760 mm. pressure. 


0°1780 gave 0°3419 AgCl + AgBr and 02133 Ag. Cl = 13:17; Br=59-08. 
C,H,C1Br, requires Cl=13-11 ; Br= 59-14 per cent. 


1-Chloro-2 : 3-dibromobenzene. 


m-Bromoacetanilide was treated with one molecular proportion of 
bromine and the 3 : 4-dibromoacetanilide, which is by far the principal 
product, was purified by two crystallisations from alcohol. The glacial 
acetic acid solution of this product was saturated with chlorine and 
the unsymmetrical and vicinal anilides isolated in exactly the same 
way as the corresponding chlorobromoanilides. 

2-Chloro-4 : 5-dibromoacetanilide crystallises in needles and melts at 
198°. 


0:2091 gave 0°3343 AgCl + AgBr and 0-2090 Ag, Cl= 11-25; Br=48°/. 
C,H,ONCIBr, requires Cl=10°82 ; Br= 48-84 per cent. 


2-Chloro-4 : 5-dibromoamiline melts at 93° and crystallises in flat 
tened needles. 
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0:2060 gave 0°3757 AgCl + AgBr and 0°2344 Ag. Cl=12'51; Br=56:08. 
C,H,NCIBr, requires Cl= 12°42 ; Br =56-02 per cent. 


Replacement of the amino-group by hydrogen gave 1-chloro-3 : 4- 
dibromobenzene. 

2-Chloro-3 : 4-dibromoacetanilide crystallises in fine needles from 
benzene and melts at 146°. 


02287 gave 0°3649 AgCl + AgBr and 0°2275 Ag. Cl= 10°84; Br= 49-23. 
C,H,ONCIBr, requires C]=10°82; Br= 48-84 per cent. 


2-Chloro-3 : 4-dibromoaniline crystallises in plates and melts at 91°. 


0:2165 gave 0°3928 AgCl + AgBr and 0:2450 Ag. Cl = 12°13; Br = 55°87. 
C,H,NCIBr, requires Cl = 12-42 ; Br =56-02 per cent. 


1-Chloro-2 : 3-dibromobenzene, obtained from the preceding compound 
by removal of the amino-group, closely resembles the other vicinal 
chlorodibromobenzenes. It melts at 73°5° and boils at 142° under 
23 mm, and at 264° under 754 mm. pressure. 


0:2029 gave 0'3881 AgCl + AgBr and 0:2415 Ag. Cl= 12°69; Br =59°57. 
C,H,CIBr, requires Cl = 13°11 ; Br=59-14 per cent. 


I have much pleasure in stating that Dr. Orton drew my attention 
to the fact that the chlorodibromo- and dichlorobromo-benzenes had 
not been prepared, and in acknowledging the help I have received 
from the advice and criticism of both Dr. Chattaway and Dr. Orton. 

The examination of these compounds is being continued, and the 
preparation of some of the chlorobromotoluenes, several of which 
have been obtained, has also been undertaken. 


CHEMICAL LABORATORY, 
St. BARTHOLOMEW’S HOSPITAL AND COLLEGE. 


CXXXVII.—Eaxperiments on the Production of Optically 


Active Compounds from Inactive Substances. 


By J. B. Coen and OC. E. Warretey. 


TaE withdrawal of one of us from this research has made it desir- 
able to publish the results of our experiments as far as they have 
gone. 

In addition to the three well known methods devised by Pasteur 
for obtaining optically active compounds from inactive asymmetric 
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materials, many new processes have in recent years been proposed. 
These methods may be said to consist in subjecting the material 
to an unsymmetrical action of either a physical or chemical nature, 

Among the physical processes may be mentioned the crystallisation 
of the inactive material in a magnetic field which Pasteur tried 
without success and which has since been repeated by Boyd (Landolt, 
Optische Drehungsvermigen, p. 111) and others with similar results, 
Kipping and Pope have employed the method of crystallisation of a 
racemic compound from a solvent containing an active substance in 
solution (Proc., 1898, 14, 113) and obtained evidence of its effect. in 
promoting the deposition of a larger proportion of one of the enan- 
tiomorphs. Among the chemical processes are the following. The 
selective hydrolysis of glucosides was effected by E. Fischer, by means 
of enzymes (Zeit. physiol. Chem., 26, 60); the fractional esterification 
of an inactive acid in combination with an active alcohol, or the 
reverse process, namely, the partial hydrolysis of an ester composed of 
an inactive acid and an active alcohol, was successfully employed by 
Marckwald and McKenzie (Ber., 1899, 32, 2130; 1901,'34, 469) and 
Walden (Ber., 1899, 32, 3617); the rate of hydrolysis of cane sugar 
effected by d-and /-camphoric acid was investigated by E. Fischer with 
negative results (Ber., 1899, 32, 3617). The formation of a new 
asymmetric carbon atom under asymmetrical conditions has also been 
studied by E. Fischerin the synthesisof the sugars. Itis this process which 
has especially attracted our attention. E. Fischer (Annalen, 1892, 270, 
64) has shown that in the synthesis of one sugar from another by the 
addition of hydrogen cyanide to the lower member, a new asymmetric 
carbon atom is introduced which may give rise to two stereoisomeric 
compounds represented as follows: 

H H 
<>, + HON = 5 ae and HO-C- 
N CN 


Although the two new groups are optical antipodes, the two iso- 
merides are not necessarily so as a whole, and are not always produced 
in equal quantities. Fischer has found, for example, that d-glucose 
forms two cyanohydrins in very unequal quantities (Joc. cit.), whilst 
in the case of d-mannose only one of the two possible cyanohydrins is ~ 
produced (Hartmann, Annalen, 1892, 272,190). It is clear, there- 
fore, that the asymmetric molecule exerts its influence on the space 
configuration of the newly added asymmetric carbon group. 

In these examples, it is impossible to determine exactly the influence 
of the active part of the original molecule on the activity of the new 
group, seeing that the latter cannot be detached from the molecule. 
As the formation of active substances in living organisms is probably 
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closely connected with their production from other active substances 
from which they are afterwards removed, the idea occurred to us to 
attempt to produce a new asymmetric carbon atom in an already 
active compound from which the originally active group could be sub- 
sequently detached. 

A number of reactions readily presented themselves, such as the 
reduction, bromination, or hydroxylation of esters composed of an 
unsaturated acid and an active alcohol, or the reduction of a ketonic 
ester of an active alcohol, the alcohol being afterwards removed by 
hydrolysis. 

These reactions may be represented as follows: (X stands for an 
atom or group not being hydrogen, A indicates the active alkyl or 
aryl group, and C the new asymmetric carbon atom) : 


1, -CH:CH*CO,A —> :CHX*CHX:CO,A —> -CHX-CHX:-CO,H 
2. ‘CH:CX°CO,A —> °*CH,-CHX:CO,A —> -CH,°CHX-CO,H 
3, -CO-CO,A —> ‘CH(OH):CO,A — > -‘CH(OH)-:CO,H 


Under 1, we have prepared the bromine derivatives of the amyl 
and menthyl cinnamates, and of dicinnamyltartaric acid and examined 
the action of various reagents on the dibromo-compounds, 

All these experiments, after a considerable loss of time, had to be 
abandoned. Although the dibromo-derivatives of amyl and menthyl 
cinnamates and of dicinnamyltartaric acid could be readily obtained 
in a state of purity, they could not be directly hydrolysed without 
removing bromine, and all attempts to replace bromine by hydroxyl 
failed. 

Under 2, we have studied the reduction of the menthyl esters of 
mesaconic acid and a-methylcinnamic acid. 

Under 3, we have investigated the reduction of menthyl 
pyruvate. 

The results in all cases have been of a negative character, in spite 
of every care to avoid possible racemisation by cond ucting the critical 
steps in the reactions at the ordinary temperature. 


EXPERIMENTAL. 


Amyl Cinnamate. 


A few preliminary experiments were made with this compound 
with the object of introducing asymmetric carbon atoms into the acid 
portion of the ester in its combination with active amyl alcohol. The 
substance was prepared by heating together equal weights of cinnamic 
chloride and oidipary an-y! alcohol until hydrogen chloride ceased to 
be evolved. The product was then washed with water, dried over 
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calcium chloride, and distilled in a vacuum. It boiled at 186—188? 
under 20 mm. pressure ; d 20°/20°=0°975. 

It is a colourless oil with a faint odour of amyl alcohol. In order 
to obtain the phenylglycerate, the amyl cinnamate was treated with 
dilute permanganate, but even in a freezing mixture it underwent 
oxidation to benzaldehyde and benzoic acid, and no trace of the 
dihydroxy-compound could be detected. It was then converted into 
the dibromo-derivative by adding one molecular equivalent of bromine 
dissolved in chloroform. The bromine was readily absorbed and the 
product, when purified, formed a colourless oil. All attempts to re- 
place bromine by hydroxy] failed. 


Menthyl Cinnamate. 


This ester was prepared with the same object as the amy] ester, and 
with equally fruitless results. It was obtained by heating together 
in the oil-bath at 140° equivalent quantities of cinnamyl] chloride and 
menthol], and purified by adding sodium carbonate and distilling in 
steam. The residue was extracted with ether, dehydrated over 
calcium chloride, and the ether removed by evaporation. The ester 
formed a light yellow, viscid liquid which did not crystallise. It was 
then converted into the dibromo-compound by the addition of the 
equivalent quantity of bromine in chloroform. The colour of the 
bromine slowly disappeared and after removal of the chloroform the 
dibromo-compound crystallised. After recrystallisation from glacial 
acetic acid, it formed colourless needles and melted at 84° On 


analysis : 


0°220 gave 0:1697 AgBr. Br=36'l. 
C,,H,,0,Br, requires Br = 35:9 per cent. 


We were unsuccessful in all our attempts to replace bromine by 
hydroxyl], ethoxyl, or acyloxyl groups. 


Tetrabromodicinnamyltartaric Acid. 


Dicinnamyltartaric anhydride is readily prepared by the method 
described by Freundler (Ann. Chim. Phys., 1894, [vii], 3, 486). It 
was brominated in chloroform solution and the liquid product remain- 
ing, after removing chloroform, crystallised on the addition of a little 
water, forming colourless crystals of tetrabromodicinnamy]tartaric 
acid. It was completely decomposed with alkalis, and with ammonia 
deposited crystals melting at 119°, which were identified as mono 
bromocinnamide, C,H,-CBr:CH-CO-NH,. 
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0:1316 gave 0:1073 AgBr. Br=34°7. 
C,H,ONBr requires Br = 35:4 per cent. 


No hydroxy-derivative could be obtained from this substance. 


« 


Menthyl Pyruvate. 


Thirty-one grams of pyruvic acid and 55 grams of menthol were 
heated under diminished pressure on the water-bath with a reflux 
condenser. The product was then distilled in a vacuum and the ester 
collected at 136—140° under 22 mm. pressure. d 11°5°/4°=0-9917; 
[a]p* —181-7°. On analysis : 


0°3153 gave 0°1249 CO, and 0°112 H,O. C=68°85; H=9-96. 
C,,H,.0, requires C= 69:03 ; H = 9°73 per cent. 


Menthyl Lactate. 


After several trials with different reducing agents and under 
different conditions, the following process was found to give the most 
satisfactory result. 

Menthyl pyruvate (5—10 grams) was reduced with constant stirring 
in the cold with four times the theoretical quantity of glacial acetic 
acid and zinc dust, the latter being added at intervals during 5—6 
hours. The stirring was continued for double that time. The product 
was filtered and washed with dry ether. The filtrate was shaken in a 
separating funnel with water and excess of barium carbonate to 
remove the acetic acid. When all effervescence ceased, the product was 
filtered, and the ethereal layer removed from the filtrate and evapor- 
ated to a syrupy consistency in a vacuum at the ordinary temperature. 
The syrupy residue was mixed with the theoretical quantity of 
potassium hydroxide dissolved in methyl alcohol and left overnight in 
a vacuum at the ordinary temperature, when complete hydrolysis 
was effected. Water was added to the dry product, which was 
extracted with ether to remove menthol. The aqueous solution 
of potassium lactate, which was free from pyruvate, was made 
strongly acid, evaporated to a gummy mass in a vacuum at the 
ordinary temperature, and the free lactic acid extracted several 
times with ether. On evaporation of the ether, the residue was boiled 
with water and zinc carbonate, and, from the filtrate, crystals of zinc 
lactate separated. Ten grams of menthyl pyruvate yielded about 
35 grams of zinc lactate, or 50 per cent. of the calculated amount. 
The air-dried salt was analysed, with the following result : 


14412, at 105°, lost 0°2612 HO. H,O=18°12. 
0°6032 gave 0:2017 ZnO. Zn= 22-00. 

(C,H,0,),Zn,3H,O requires H,O = 18°17 ; Zn=21°98 per cent, 
VOL. LXXIx. 4x0 
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A saturated solution of zine lactate in a 500 mm. tube gave a rota- 


tion of only 1’. 
Menthyl Mesaconate. 


The mesaconic acid was prepared by Fittig’s method by the action 
of bromine on an ether-chloroform solution of citraconic acid. To 
prepare the mesacony] chloride, 10°8 grams of the acid were mixed with 
34°8 grams of phosphorus pentachloride, and heated on the water-bath 
until hydrogen chloride ceased to be evolved. The phosphorus oxy- 
chloride was then distilled off on the water-bath under diminished 
pressure, and the remainder (9‘8 grams) consisted of the acid chloride. 
This was mixed with the theoretical quantity of menthol (18°3 grams) 
and heated to 130° on the oil-bath. The product was made alkaline 
with sodium carbonate solution and distilled in steam. The residue 
was extracted with ether and the ether evaporated, The product con- 
sisted of a thick liquid; d 17°6°/4°=0°9904 ; [a]p® -—91:05° On 
analysis : 

0°218 gave 0°5858 CO, and 0°:2057 H,O. C=73°28; H=10°48. 

C,,H,.0, requires C= 73°89 ; H=10°34 per cent. 


Menthyl Pyrotartrate. 


23°6 grams of the mesaconic ester were dissolved in alcohol, and 
50 grams of the aluminium-mercury couple added in small portions 
at a time, a few drops of water being occasionally introduced. The 
operation lasted 6 weeks. The reduced product was then filtered, and 
further extracted from the excess of the couple and of aluminium hydr- 
oxide by means of hot alcohol. On evaporation of the alcohol, the 
liquid product, which had d 11°8°/4°=0°978, and [a]p* —71°6°, was 
analysed, with the following results : 


0°1830 gave 0°4910 CO, and 01769 H,O. C=73:17; H=1082. 
C,,H,,0, requires C=73°45 ; H= 10°88 per cent. 


The product was treated with the theoretical quantity of methyl 
alcoholic potash in the cold to effect hydrolysis, and then extracted 
with ether to remove the menthol. The solution of potassium pyro 
tartrate was then acidified with hydrochloric acid and extracted with 
ether. On evaporating the ether, crystals of pyrotartaric acid 
separated, and had the correct melting point, namely, 112—11%. 
71 grams of the menthyl pyrotartrate gave 2°37 grams of pure 
pyrotartaric acid. The acid was analysed, with the following results: 


0°1581 gave 0:263 CO, and 00855 H,O. C=45°37; H=6:04, 
C;H,O, requires C= 45°42 ; H = 6-06 per cent. 


1:68 grams were dissolved in water and made up to 10c.c, The 


an - a 
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rotation in a 100 mm. tube was —5°5’. The substance was further 
purified by neutralising with potash and extracting repeatedly with 
ether to remove any traces of menthol]. 1°8 grams in 10 c.c. now gave 
a rotation of 4:4’. This small rotation can scarcely be regarded as 
undoubted proof of the formation of an optically active compound. 


Menthyl a-Methyleinnamate, C,H,*CH:0(CH,)*CO,*C,,H, g. 


The a-methylcinnamic acid was prepared by the method described 
by Edeleano (Ber., 1887, 20, 618). 1t was converted into the chloride 
by heating with an equal weight of phosphorus trichloride on the 
water-bath for an hour. The liquid was decanted from solid phos- 
phorus compounds and the residue rinsed out with ether, which was 
added to the clear liquid. On distilling off the ether, the acid chloride 
solidified, and after recrystallisation from ether melted at 48—50°. 
Ten grams of acid yielded 8 grams of acid chloride. An equal weight 
of menthol (8 grams) was added to the acid chloride and the mixture 
heated in the oil-bath at 120—130° for an hour. The product was 
made alkaline with sodium carbonate solution and distilled in steam 
until free menthol ceased to distil over. The residue was extracted 
with ether and dehydrated over calcium chloride. On removing the 
ether, the residue (12 grams) solidified. It was purified by dissolving 
in methyl alcohol, from which it crystallised in large tablets melting . 
at 50°. On analysis : 


0°1568 gave 0°4567 CO, and 0:1314 H,O. C=79'43; H=9-38. 
C.)H,,0, requires C= 79:92 ; H=9-42 per cent. 


The rotation in a 30°48 mm. tube at 58° was — 20°44’. After 
various reducing reagents had been tried unsuccessfully, the aiuminium- 
mercury couple was finally adopted, although its action is very slow. 

Five grams of the ester were reduced by a large excess of the couple 
(40 grams) during 3 months, and 4 grams of pure crystallised menthyl 
a-methylhydrocinnamate melting at 37° were obtained. The purity of 
the product was determined by comparison with some of the pure 
menthyl ester prepared directly from a-methylhydrocinnamic acid. 
Four grams of the acid were warmed on the water-bath with 5 grams 
of phosphorus pentachloride, and the phosphorus oxychloride was then 
removed by distilling under reduced pressure from the water-bath. 
The residue distilled at 160° under 30 mm. pressure. The distillate 
consisted of a pale yellow liquid which did not solidify. It was heated 
in the oil-bath at 140° with an equal weight of menthol and distilled 
in steam with the addition of sodium carbonate solution to remove 
menthol. The residue was extracted with ether and dehydrated over 
calcium chloride. On removing the ether, the menthy] ester solidified, 

4x2 
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and after recrystallisation from methyl alcohol melted at 36—38°, in 
agreement with the above result. 

The menthyl ester obtained by reduction with the couple was 
hydrolysed with alcoholic potash in the cold as described in the other 
cases, and 0°75 gram of pure acid (m. p. 36—38°) dissolved in chloro- 
form and the rotation determined in a 200 mm. tube. The rotation 
was +4’, which is of the same order as that observed in the other 
cases, and too small to be looked upon as positive evidence of optical 
activity. Our thanks are due to Dr, T. 8. Patterson for kindly placing 
his polarimeter at our disposal. 


Reduction of the a-Methylcinnamic Esters. 


The great difference shown in the rate at which methyl and menthyl 
cinnamate undergo reduction on the one hand, and menthy! a-methyl- 
cinnamate on the other, suggested the possibility that the additional 
methyl group in the side-chain of the acid radicle retarded the action 
of the couple. In order to obtain further evidence, the methyl, ethyl, 
propyl, and isopropyl esters of a-methylcinnamic acid were prepared. 
The first three were obtained by Fischer and Speier’s method, and the 
last by the action of csopropyl iodide on the silver salt of the acid. 

The specific gravities and melting and boiling points of these esters 
are as follows : 


d 15°/15°. .p B. p. 
155—160° (30 mm.). 
162—165 (25 mm.). 
— 155—160 (20 mm.). 


The method for determining the rate of reduction was to reduce l 
gram of the methyl ester and a proportionate quantity of the others in 
ethyl alcoholic solution with excess of the couple (1 gram) during the 
same period of time, to remove the alcohol, hydrolyse the product, and 
titrate the alkaline solution with standard permanganate, which 
rapidly oxidises the unsaturated acid but not the reduced compound. 
No difference could, however, be detected between the esters. They 
were all readily and completely reduced. 

Our thanks are due to Mr. C. P. Finn for his help in carrying out 
some of these experiments on the reduction of the esters. 


THE YORKSHIRE COLLEGE, 
LEEDs. 
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CXXXVIII.—The Products of the Action of Fused 
Potassium Hydroxide on Dihydroxystearic Acid. 


By Henry Ronpet Le Sueur, 


Two papers communicated to the Society by Dr. Crossley and the 
author (Trans., 1899, '75, 161; 1900, '76, 83) contain details of ex- 
periments made in order to devise a method by which the constitution 
of fatty acids might be determined. In this process, the fatty acid is 
first converted into an unsaturated acid with the double bond between 
the a- and B-carbon atoms and this acid is then oxidised with potass- 
ium permanganate in alkaline solution, whereby a dihydroxy-acid is 
produced, 


R-CH:CH-CO,H —> R-CH(OH)-CH(OH)-CO,H, 


which on further oxidation with potassium dichromate and dilute sul- 
phuric acid is converted into a saturated acid containing two carbon 
atoms less than the original acid and oxalic acid or its oxidation 
products. 


R-CH(OH):CH(OH)-CO,H > R-CO,H + CO,H-CO,H( > CO, +H,0). 


The final substance is not invariably an acid ; for instance, if the 
original acid is of the type R,CH°CH,°CO,H, the final oxidation 
product will be a ketone of the type R,CO (Trans., 1899, '75, 164). 

In this method, the second oxidation, that with potassium di- 
chromate and dilute sulphuric acid, is carried out in an acid solution, 
and provided the dihydroxy-acid is soluble in such a solution, the 
method works well ; if, however, it is insoluble, then the oxidation is 
very slow, and only a small part of the dihydroxy-acid is completely 
oxidised. It was thought that in such cases fusion of the dihydroxy- 
acid with potassium hydroxide might serve the same purpose as the 
oxidation with potassium dichromate and dilute sulphuric acid, and the 
work described in this paper was undertaken in order to see whether 
this assumption was correct. Dihydroxystearic acid was chosen 
because it can be obtained fairly easily in large quantities and is in- 
soluble in water ; it was also hoped that the results obtained would 
furnish evidence from which the formula of dihydroxystearic acid and 
consequently that of oleic acid might be definitely established. For 
instance, using the generally accepted formula for the acid, oleic acid, 
CH,-[CH,],-CH:CH-[CH,],"CO,H, on oxidation with potassium per- 
manganate, should give dihpdroxyateario acid, 


OH, (CH, ],-CH(OH)-CH(OH)-[CH,],CO,H, 
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which, on fusion with potassium hydroxide, would be broken up, 
yielding molecular quantities of pelargonic acid, CH,*[CH,},-CO,H, 
and azelaic acid, CO,H*{CH,},*CO,H, as the sole initial products. The 
pelargonic and azelaic acids might suffer further decomposition and 
the author has satisfied himself that such does actually happen in the 
case of the latter. 

The results obtaincd were unexpected, for instead of the final 
product being an acid or acids containing fewer carbon atoms than 
the original substance, the main product was an acid containing the 
same number of carbon atoms, which clearly showed that, whatever 
may be the correct formula of dihydroxystearic acid, the main decom- 
position did not take place between the two carbon atoms to which the 
hydroxyl groups are attached. The result of the work described in 
this communication therefore apparently gives no clue to the constitu- 
tion of dihydroxystearic acid; further investigation of the dibasic 
acid obtained may, however, furnish some evidence in this direction. 

The fusion of dihydroxystearic acid with pctassium hydroxide was 
first carried out at 270—-275°, and the substances isolated from the 
product were found to consist mainly of an oil boiling at 280—300° 
under 50 mm. pressure, together with small quantities of pelargonic 
and azelaic acids. The effect of carrying out the fusion at a some 
what lower temperature was next tried, when, as is described below, 
the following substances were isolated: A dibasic acid, C,,H,,0,, 
melting at 111—111:5°; an acid, C,,H,,0,, melting at 78°5—79°; 
pelargonic acid ; and azelaic acid. The first of these was obtained ina 
58 per cent. yield of that theoretically obtainable and the other three 
only in small quantities. 

That the acid C,,H,,O; (m. p. 111—111°5°) is dibasic is clearly 
shown from the analysis of its salts, its titration with standard alkali, 
the determination of the molecular weight of its ethyl ester by the 
freezing point method, and also from its capability of forming an amic 
acid and a diamide. That it is alsoa monohydroxy-acid is shown 
from the fact that it yields a monoacetyl derivative on treatment with 
acetic anhydride or acetyl chloride. No mention could be found of the 
previous existence of this acid, 

Analyses of the acid C,,H,,0, (m. p. 78°5—79°) and of its sodium 
salt gave numbers which agree closely with the calculated values for 
the formule assigned to them. The acid may be regarded as a 
internal anhydride, formed by the elimination of one molecule of water 
from a molecule of dihydroxystearic acid : 

CH:OH 


C0,H-C,Ha< hon 


It was thought that such an acid would be reconyerted into dihydr- 
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oxystearic acid by boiling with dilute acids or alkalis, but experiments 
carried out in this direction have so far proved unsuccessful. 

By the distillation of dihydroxystearic acid under reduced pressure, 
Baytzeff (J. pr. Chem., 1886, [ii], 33, 313) obtained an acid melting-at 
77—79° and solidifying at 69—70°, to which he assigned the formula 
(,;H,,0,. He regarded it as an anhydride of dihydroxystearic acid 
formed as described above. But this acid must have been impure, 
because the numbers which Saytzeff obtained on analysis do not agree 
at all closely with those calculated for the formula C,,H,,0,, the 
mean of four analyses giving 70°91 per cent. of carbon, whereas the 
calculated amount is 72°49 per cent. It must, however, be stated 
that the sodium and silver salts on analysis gave numbers which 
agree well with those calculated for a monobasic acid of the formula 
O,sH3,05. 

Albitzky (J. Russ. Phys. Chem. Soc., 1899, 31, 76) has described 
glycidic acids of similar composition, obtained by the action of barium 
hydroxide on the chlorohydroxystearic acids, 

The formation of a monohydroxydicarboxylic acid from a dihydroxy- 
monocarboxylic acid is not easy to explain, unless it is assumed that 
the acid C,,H,,O, is first formed and that this is immediately oxidised 
to the acid C,,H,,0,;. Thus 


H, CH, 0,8 
(GH,)m = == (GH)m (GH,)m 
(HOH _, CH ,» (H-OH 
CH-OH CH H 


j 2 
(CH, )n (GH)n (CH,)n 
CO,H CO,H . CO,H 


EXPERIMENTAL. 


Preparation of Dihydroxystearie Acid.—The acid was prepared by 
the oxidation of oleic acid with potassium permanganate in alkaline 
solution, as recommended by Saytzeff (loc. cit.). Eighty-four grams of 
oleic acid (Kahlbaum’s pure acid) were dissolved in 1500 c,c, of water 
containing 33 grams of potassium hydroxide, the solution was cooled 
to 0°, and a cold solution of 84 grams of potassium permanganate in 
1500 c.c. of water gradually added, the mixture being well stirred by 
means of a turbine and its temperature maintained below 10°, The 
whole was allowed to remain overnight, filtered from the separated. 
manganese dioxide, and acidified with dilute sulphuric acid, when a 
very voluminous, white precipitate of dihydroxystearic acid separated 
out, This was filtered off, dried on a porous plate, and extracted with 
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a small volume of ether in order to remove any unoxidised oleic acid, 
The residue (insoluble in ether) was recrystallised from rectified spirit 
until its melting point was constant, when 45 grams of pure dihydroxy. 
stearic acid were obtained, the yield amounting to 48 per cent. of that 
theoretically possible. 

Melting Point of Dihydroxystearic Acid.—Various temperatures have 
been given as the correct meliing point of pure dihydroxystearic acid, 
Saytzeff (Joc. cit.), Hazura (Monatsh., 1888, 9, 186), and others, state 
that the acid melts at 136°5°; Edmed (Trans., 1898, '73, 629) gives 
134° as the melting point, Gréger (Ber., 1889, 22, 620) gives 
130°5—131-5°, and lastly, Freundler (Bull. Soc. Chim., 1885, [iii], 18, 
1052), who separated the acid into its optical isomerides, states that 
it melts at 131°. In view of these conflicting statements, it was deemed 
advisable to make every effort to ascertain the true melting point of 
the pure acid. The dihydroxystearic acid, obtained as described above, 
after two recrystallisations from rectified spirit melted at 130:5—131° 
(uncorr.), and after three further recrystallisations still melted at this 
temperature. On analysis : 


0°1500 gave 0°3754 CO, and 0°1536 H,O. C=68-25; H=11°38. 
C,,.H.,0, requires C = 68°35 ; H=11-39 per cent. 


The acid was then boiled with a large volume of water, in which it 
is insoluble, whereas the higher hydroxylated acids, such as sativic 
acid (tetrahydroxystearic acid), are somewhat soluble, and again re- 
crystallised from rectified spirit, when it still melted at 130°5—131° 
(uncorr.). It was next boiled with ether, in which it is slightly 
soluble, and the ethereal solution filtered off from the undissolved por- 
tion. Both this undissolved residue and the acid obtained by 
evaporation of the ethereal solution melted at exactly the same tem- 
perature, namely, 130°5—131°. The dihydroxystearic acid, which was 
obtained by the author from the oxidation of the unsaturated acids 
of the oil of Carthamus tinctorius, also melted at this temperature 
(J. Soc. Chem. Ind., 1900, 19, 104). On applying the usual method for 
correcting the melting point of a substance, 131°5—132° is obtained 
as the corrected melting point of pure dihydroxystearic acid. 

Calciwm Salt of Dihydroxystearic Acid.—Saytzeff (loc. cit.) states 
that calcium dihydroxystearate, after drying in a desiccator, contains 
1 mol. of water of crystallisation; Edmed (loc. cit.), on the other 
hand, states that the dried salt contains 3 mols., but from the 
following results it will be seen that the air-dried salt contains only 
1 mol. of water of crystallisation. The salt was prepared by adding 
an aqueous solution of the potassium salt of the acid to an aqueous 
solution of calcium chloride, On analysis: . 
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0:4876, air-dried salt, at 135° lost 0°0134 H,O. H,O=2°74. 

0:4716 salt dried at 135° gave 0°1000 CaSO,. Oa=6-23. 
(C,,H,,0,),Ca,H,0 requires H,O = 2°62 per cent. 
(C,.H,,0,),Ca ” Ca =5°97 i, 


Fusion of Dihydrowystearic Acid with Potassium Hydroxide.—Five 
grams of dihydroxystearic acid, 25 grams of pure potassium hydroxide, 
and sufficient water to form a thick paste, were well mixed together in 
a nickel crucible and heated in a metal bath. At 200°, the mass com- 
pletely liquefied, and at 250° it turned slightly brown in colour and 
evolved a small amount of hydrogen. The temperature was then 
raised to 270—275° and maintained at this point until the rapid 
evolution of hydrogen which at first took place had ceased. The product 
was then cooled, dissolved in water, acidified with dilute sulphuric acid, 
and subjected to steam distillation. The distillate contained pelargonic 
acid, which was identified by the melting point of its crystalline zine . 
salt. The residue in the flask contained a dark oil, which was filtered 
off (filtrate=A) from the mother liquor, dried in a vacuum desic- 
cator, treated with ether, and the ethereal solution (filtered from a 
small amount of insoluble residue) evaporated, when 1:2 grams of an 
oil which distilled without decomposition at 280—300° under 50 mm. 
pressure were obtained. Azelaic acid was isolated from the aqueous 
filtrate A and identified by its melting point (106°) and analysis. 

The effect of carrying out the fusion at a somewhat lower tempera- 
ture was next tried, when it was found that no oil was produced, but 
that the acids left in the flask after steam distillation solidified to a 
hard mass, which at first was thought to be unchanged dihydroxy- 
stearic acid. This, however, was soon found not to be the case, as the 
substance is readily soluble in ether, in which dihydroxystearic acid is 
only slightly soluble, and on extracting the solid fractionally with 
chloroform two acids were obtained melting respectively at 111—111°5° 
and 78:5—79°. In order to obtain larger quantities of these two sub- 
stances, 250 grams of dihydroxystearic acid were fused with potassium 
hydroxide in quantities of 40 grams at a time, the fusion being carried 
out as follows: 40 grams of dihydroxystearic acid, 200 grams of pure 
potassium hydroxide, and sufficient water to form a thick paste were 
well mixed in a nickel crucible and gradually heated in a metal bath, 
the mass being vigorously stirred the whole time. At 200°, the mass 
liquefied and there was much frothing ; the temperature was then 
raised to 250° and maintained at this point until the frothing ceased, 
which took place after 20 minutes, during which time only traces of 
hydrogen were evolved. If the heating be continued, much hydrogen 
is evolved and the mass darkens. It is necessary that the fusion should 
be stopped the moment this second action sets in, otherwise the result- 
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ing substances are those described on page 1317, The fused product was 
dissolved in water, acidified with dilute sulphuric acid, and the liberated 
acids separated from the mother liquor and washed with boiling water, 

The whole of the mother liquor was extracted four times with a 
large volume of ether, when, on evaporation of the ethereal solution, 10 
grams of a solid residue were obtained, which was readily soluble in 
hot water and crystallised out on cooling in large plates which melted 
at 105—106° and had all the properties of azelaic acid. On analysis ; 


0°1550 gave 0°3272 CO, and 071182 H,O. C=57°57; H=8-47. 
C,H, ,0, requires C=57:44 ; H=8-51 per cent, 
On cooling, the acids liberated by sulphuric acid solidified to a hard 
mass, which was powdered, dried in a vacuum desiccator, and extracted 


with cold chloroform ; the products soluble and insoluble in this 
solvent were then investigated. 


Product Insoluble in Chloroform. 


The portion insoluble in chloroform was recrystallised from acetic 
acid until its melting point was no longer changed (111—111°5°). 
Of the pure acid, 120 grams were obtained from 200 grams of dihy- 


droxystearic acid, a yield which corresponds to 58 per cent. of that 
theoretically obtainable. On analysis: 


0°1422 gave 0°3396 CO, and 0°1324 H,O. C=65-13; H=10°34. 
0°1340 ,, 03210 co, » 01256 H, ‘0. C= 65°33 ; H=10°41. 
C,,H;,0, peqeizes C = 64°45 ; H= 10°30 per cent, 


This acid is insoluble in cold water, but melts in boiling water, 
Its alcoholic solution gives a well-marked effervescence with a dilute 
‘solution of sodium carbonate or sodium hydrogen carbonate in the 
cold. It dissolves slowly in a cold solution of potassium hydroxide, 
and the solution thus produced does not affect potassium permanganate 
in the cold and reduces it only slightly on heating ; it is without effect 
on Fehling’s solution. The acid is somewhat readily soluble in 
alcohol, ether, ethyl acetate, or acetone in the cold, and also in hot 
acetic acid. , It is insoluble in benzene; chloroform, or light petroleum 
in. the cold, but dissolves readily in the former on heating. It crystal: 
lises from dilute alcohol or dilute acetic acid in aggregates of long, flat 
needles melting at 111—111°5° 
Titration of the Acid.—The acid was dissolved in sleohal which had 
been previously neutralised and the solution titrated with a deci 
normal solution of potassium hydroxide. 


(i). 04172 required 25-23 c.c., using phenolphthalein as indicator. 
(ii). 05614 ,, 342c¢c ,, litmus ” 
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One gram of the acid therefore requires (i) 60°5 c.c.; (ii) 60°9 ce., 
the calculated amount for 1 gram of a dibasic acid, C,,H,,0,, being 
§0°6 c.c. 

The sodium salt was obtained as a hard mass of no very definite 
aystalline. structure and could not be recrystallised from alcohol or 
yater, owing to its great solubility. These remarks also apply to the 
neutral and acid potassium salts. 

The silver salt was thrown down as a white, curdy precipitate when 
asolution of the sodium salt was poured into excess of a warm solution 
silver nitrate. On analysis : 


0:2310 gave 0°3360 CO,, 0°1238 H,O, and 0:0904 Ag. C=39°66; 
H=5°95 ; Ag=39°13. 

0:1344 gave 00534 Ag. Ag=39°73. 

C,,H,,0;,Ag, requires O=39°70 ; H=5°88; Ag=39-70 per cent. 


The bariwm salt was obtained as a white precipitate on the addition 
ofa solution of the sodium salt to a solution of barium chloride, The 
ult was dried at 100° and analysed : 


02226 gave 0°1104 BaSO,. Ba=29-20. 
0,,H,,.0,Ba requires Ba = 29°52 per cent. 


The calcium salt was obtained as a white, gelatinous precipitate on the 
addition of a solution of the sodium salt to a solution of calcium 
chloride. The amount of water present in the air-dried salt was found 
ovary in different samples. In one case, numbers-were obtained 
vhich agreed with those required for a salt of the formula 
(,,H,.0,Ca,3H,O. The air-dried salt loses the greater part of its 
vater in a vacuum, but the last traces are only expelled at 155°, The 
ult was therefore dried at 155°, until no further loss occurred, and 
aalysed ; 


02664 gave 0°0972 CaSO,, Ca=10°73. 
02176 ,, 0°0798 CaSO, Ca=10°78. 
C,,H,,0,Ca requires Ca = 10°87 per cent. 


Precipitates were obtained on the addition of an aqueous solution of 
the sodium salt of the acid to [solutions of salts of mercury, copper, 
lad, manganese, iron, zinc, magnesium, cobalt, or nickel. 

Hihyl Ester, C,,H,,0,(C,H,)..—The calculated quantity of ethyl 
idide was added to the dry silver salt, which was covered with 
mhydrous ether in a flask attached to a reflux condenser and the 
vhole heated on the water-bath for 2} hours. The resulting ethereal 
wlution, which was of a bright yellow colour, due to finely divided 
iilver iodide held in suspension, was evaporated, and the residual oil 
prified by distillation under reduced pressure. On analysis ; 
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0°1526 gave 0°3816 CO, and 0°1490 H,O. C=68:20; H= 10-85, 
C..H,,0, requires C = 68°39 ; H= 10°88 per cent, 


Tt was also prepared directly from the acid as follows. Fifty c.c, 
of concentrated sulphuric acid were gradually added to a solution of 
10 grams of the acid in 100 c.c. of absolute alcohol and the mixture 
allowed to remain at the ordinary temperature for 4 days and then 
heated on the water-bath for 3 hours. The product was poured into 
water, extracted with ether, the ethereal solution well washed with 
water, ard after evaporation of the solvent, the residual liquid was 
purified by fractional distillation under reduced pressure, when 7:2 
grams, boiling at 268—274° under 31 mm. pressure, were obtained, 
The ester thus produced had a slight acid reaction, due no doubt to 
the presence of a trace of free acid or acid ester. 

The ester is a very faintly yellow, odourless oil boiling at 269—270° 
under 30 mm. pressure, and shows no signs of solidifying when 
strongly cooled or kept for several months. It is insoluble in water, 
but dissolves readily in ether, benzene, or alcohol. 

The molecular weight was determined by the freezing point method 
using benzene as solvent : 


ec 
Wt. of ester. Wt. of solvent. Depression. Mol. wt. cl 
0-899 gram 20°83 grams 0°579° 365°2 pc 
1°4752 ,, 20°83, 0°937 370°3 al 
The molecular weight of C,,H,,0,(CH;), is 386. ef 
The methyl ester, C,,H,,0,(CH,),, was prepared by the action of | 
methyl iodide on the dry silver salt. On analysis : alc 
01498 gave 0-3666 CO, and 01436 H,O. C=66-74; H=10-65. = 
C,)H,,0, requires C = 67:04 ; H=10°61 per cent. tat 
It is a colourless, oily liquid boiling at 258—259° under 30 mm. nea 
pressure and is insoluble in water, but dissolves readily in alcohol or ale 
ether. 0 
Amides.—Henry (Compt. rend., 1885, 100, 944) has shown that the 
diamides of the dibasic acids (succinic, adipic, &c.) are more easily A 
prepared from the methyl than from the ethyl ester by the action of 40 
an aqueous solution of ammonia. Experiments made with the ethyl das 
ester showed that this statement also applies to the acid C,,H;,0, anh: 
and the amides were consequently prepared from the methyl ester. pi 
Four grams of the methyl ester and 25 c.c. of an aqueous solution of the | 
ammonia, saturated at 0°, were heated together in a sealed tube at peal 
185° for 12 hours. At the end of this time, the whole of the ester je 
had disappeared, and a small amount of solid was present, which was sie 
filtered off (filtrate= A), dried on a porous plate, and purified by re- anal 


crystallisation from rectified spirit, On analysis ; 
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0'1202 gave 8°9 c.c. moist nitrogen at 14° and 760 mm. N=8°71. — 
C,,H,,0,N, requires N =8:54 per cent. 


The diamide is insoluble in water, ether, chloroform, or light 


y petroleum, but readily dissolves in boiling acetone or alcohol, from the 
‘ latter of which it separates in aggregates of fine needles melting 
“ sharply at 141°. It is insoluble in an aqueous solution of potassium 
= hydroxide. The yield was small, only 0°7 gram being obtained from 
- 11 grams of methy] ester. 

“ The Amic Acid.—The filtrate (A) from the diamide was diluted 
~ with water and acidified with dilute hydrochloric acid, when the oil 

4 which separated out immediately solidified. It was filtered off, 
n> dried on a porous plate, and purified by recrystallisation from dilute 

alcohol. On analysis : 
0° 0:1478 gave 0°3556 CO, and 0°1410 H,O. C=65°61; H=10°60. 
en 01428 ,, 59 c.c. moist nitrogen at 20° and 767 mm. N=4°76. 
er, 02406 ,, 98 ce. - * 17° , 764mm. N=4°75, 
C,,H,,0,N requires C = 65°65 ; H=10°64 ; N =4°26 per cent. 
od The amic acid crystallises from rectified spirit in aggregates of 
colourless needles melting at 136°. It is insoluble in water, ether, 
chloroform, or light petroleum, but dissolves slowly in a solution of 
potassium hydroxide in the cold and readily on warming. Its 
alcoholic solution is acid to litmus paper and gives a marked 
effervescence with a solution of sodium hydrogen carbonate in the cold. 
of Silver Salt of the Amic Acid.—The amic acid was dissolved in dilute 
alcohol, neutralised with ammonia and the warm solution of the 
, ammonium salt poured into an excess of a solution of silver nitrate, 
46 when the silver salt separated out as a somewhat sticky, white precipi- 
tate, which soon became hard and granular. The whole was heated 
mm. nearly to boiling, filtered, and the precipitate washed with water and 
sl or alcohol, dried, and analysed : 
01476 gave 0°0368 Ag. Ag=24:93. 
i the C,,H,,0,NAg requires Ag = 24°77 per cent. 
—_ Action of Acetic Anhydride on the Acid.—Ten grams of the acid and 
ye * 40 grams of acetic anhydride were boiled together for 3 hours in a 
‘- flask attached to a reflux condenser. The acid readily dissolved in the 
bs» anhydride on heating. On distilling the liquid product under 90 mm. 
a pressure, the excess of acetic anhydride passed over below 90°, and 
— the last traces of this substance were removed by raising the tempera- 
oll ture to 130° for a short time and passing a slow current of dry air 
on through the liquid. The acetylated product was then allowed to 
by Te temain over solid potassium hydroxide in a vacuum for 4 days and 


analysed. The analytical results indicate that the substance is the 


1322 LE SUSUR: THE PRODUCTS OF THE ACTION OF FUSED 


monoacetylated anhydride, C,,H,,0,*;CO*CH.,, and not the monoacetyl- 
ated acid, C,,H,,0,-CO-CH,. 


0°1396 gave 03464 CO, and 0°1226 H,O. C=67:67; H=9°75, 
C,,H,,0, requires C = 67‘79 ; H = 9°60 per cent. 
CWHO0, » C=6451; H=967 __s,, 


2°1208 grams of the acetylated product were boiled for 5 hours 
with an excess of an alcoholic solution of potassium hydroxide. The 
alcohol was then evaporated off and the liquid acidified with dilute 
sulphuric acid and distilled with steam. The distillate required 50:17 
c.c. of decinormal potassium hydroxide for neutralisation ; the acetic 
acid from 1 gram of the acetylated product would therefore require 
23°65 c.c. 

In a second experiment, the acetylated product, after removal of 
the excess of acetic anhydride by distillation in “a vacuum, was 
repeatedly boiled with water to remove the last traces of this im- 
purity ; it was then filtered at 100° and dried in a vacuum over 
potassium hydroxide and sulphuric acid for 5 days. 1°9954 grams of 
this product were hydrolysed in the manner just described. The 
distillate required 41°9 c.c. of decinormal potassium hydroxide for 
neutralisation, whence 1 gram of the acetyl derivative would require 
21°0 c.c. 

The calculated amount for 1 gram of the monoacetylated anhydride, 
C.9H,,0;, is 28°24 c.c. and for 1 gram of the monoacetylated acid, 
C,,H,,0,, 26°8 c.c. 

These results are not in close agreement with the calculated values 
for the acetylated anhydride or acid, but they undoubtedly show that 
a monoacetylated derivative is formed by the action of acetic anhydr- 
ide on the acid. 

The oil left in the steam distillation flask solidified to a hard mass 
on cooling and after one recrystallisation from dilute alcohol melted 
at 110°, which shows that the original acid is obtained on hydrolysis 
of the acetylated product. 

The acetylated anhydride is a very viscous, light yellow liquid, 
which shows no signs of solidification on long standing. It is readily 
soluble in alcohol or ether and dissolves slowly in aqueous potassium 
hydroxide. 

Action of Acetyl Chloride on the Acid.—Five grams of the acid and 
25 grams of acetyl chloride were boiled together for 1 hour ins 
flask attached to a reflux condenser, when the acid slowly dissolved. 
The product was treated in a similar manner to that obtained by the 
action of acetic anhydride. On analysis: 


0°1810 gave 0:4446 CO, and 01570 H,O. C=67:00; H=9°64. 
O,,H,,0, requires C= 67°79 ; H=9°60 per cent. 
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17238 grams of this acetylated compound were hydrolysed and 
treated in a similar manner to the product obtained by the action of 
acetic anhydride as described above. The distillate required 44°0 
c.c. of decinormal potassium hydroxide for neutralisation ; the acetic 
acid obtained from 1 gram would therefore require 25°5 c.c. 

The monoacetylated anhydride obtained by the action of acetyl 
chloride possesses the same properties as that obtained by the action 
of acetic anhydride, 


Product Soluble in Chloroform. 


The chloroform extract of the mixed acids (see p. 1318) on evaporation, 
left 37 grams of a residue which became semi-solid on standing. It 
was subjected to steam distillation until the distillate was only faintly 
acid. From this distillate, ether extracted 4°5 grams of a liquid which 
had a strong odour of pelargonic acid and from this 18 grams boil- 
ing at 249—-255° were obtained, and identified as pelargonic acid 
by analysis of the silver salt (Ag=40°41 per cent.) and preparation 
of the zine salt which melted at 130°. 

Acid C,,H,,0;.—The oil which remained in the distillation flask 
partially solidified on cooling, and after spreading on a porous plate, 
yielded 16 grams of a solid material, which was then fractionally re- 
crystallised from dilute alcohol until a substance of constant melting 
point was obtained. The amount of pure substance thus isolated was 
small, only about 6 grams being obtained from 200 grams of dihy- 
droxystearic acid. On analysis : 


01072 gave 0:2838 CO, and 0:1094 H,O. C=72:20; H=11°34, 
00866 ,, 0°2288 CO, ,, 00888 H,O. C=72°06; H=11°39. 
C,,H,,0, requires C=72°48 ; H=11°41 per cent. 

The acid is sparingly soluble in cold light petroleum, but dissolves 
readily on heating. It is very readily soluble in chloroform, ether, 
ethyl acetate, or acetone in the cold, or in hot alcohol, and separates 
out from dilute alcohol in small but well formed plates, melting at 
785—79°, and resolidifying at 76°5—77°. 

The sodium salt was prepared by neutralising the acid with a warm 
solution of pure sodium hydroxide. A small quantity of alcohol was 
added to the solution, when, on cooling, the sodium salt separated 
out. It was recrystallised from dilute alcohol, from which it 
separated in glistening leaflets, which were dried at 100° and 
analysed. 


02064 gave 0:0458 Na,SO,. Na=7'19. 
C,,H,,0,Na requires Na=7'19 per cent. 


The sodium salt is sparingly soluble in cold water, but dissolves 
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readily on heating. It is sparingly soluble in alcohol and insoluble 
in acetone. 

The following attempts were made to reconvert the acid C,,H,,0, 
into dihydroxystearic acid, but in all three cases it was recovered un- 
changed : (1) boiling the acid with a 2 per cent. solution of potass- 
ium hydroxide for 11 hours; (2) boiling the acid with 10 per 
cent. sulphuric acid for 12 hours; (3) heating 0°5 gram of the 
acid, 30 c.c. of water, and 2 grams of barium hydroxide in a sealed 
tube at 143° for 8 hours, The investigation of this acid is being 
continued. 


CHEMICAL LABORATORY, 
Sr. THomas’s Hospirat, S.E. 


CXXXIX.—WNote on the Supposed Formation of an 
Oxide of Hydrogen higher than the Diomde. 


By Wituiam Ramsay, F.R.S. 


TuE possible existence of a higher oxide of hydrogen than H,0, was 
suggested by A. Bach (Ber., 1900, 33, 1506) on the ground that when 
hydrogen peroxide is diluted with sulphuric acid, and treated with 
permanganate, the amount of oxygen evolved is in all cases greater 
than would have been produced, reckoning from the amount of per- 
manganate used. Now, as Armstrong has justly pointed out (Proc., 
1900, 16, 134), Bach has failed to take into account the persulphuric 
acid, proved by Lowry and West to be formed by mixing hydrogen 
peroxide with sulphuric acid. But neither Armstrong nor Lowry and 
West have disproved Bach’s contention that a peroxide may possibly 
exist. The following account of some simple experiments will, I think, 
render Bach’s contention untenable. 

1. The amount of oxygen liberated on addition of hydrogen peroxide 
to a mixture of permanganate and sulphuric acid is considerably greater 
than if the permanganate be added to a mixture of hydrogen peroxide 
and sulphuric acid. Thus, 2°2 c.c. of a dilute solution of peroxide, 
added to excess of permanganate, acidified with dilute sulphuric acid, 
gave 43°49 c.c. and 43°76 c.c. of oxygen; on adding the permanganate 
to a mixture of sulphuric acid and peroxide, 33°47 c.c. and 33°59 ae 
of oxygen were collected, 

2. Less permanganate is required if it be added to a mixture of 
hydrogen peroxide and sulphuric acid than if peroxide be added 
a mixture of permanganate and sulphuric acid. For example: 
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2°2 c.c. of peroxide mixed with sulphuric acid required 201 c.c. of 
permanganate ; on the other hand, 40 c.c. of permanganate mixed with 
sulphuric acid required 2°2 c.c. of peroxide. If, however, an acid, un- 
attackable by permanganate, be substituted for sulphuric acid—and one 
which is incapable of a higher stage of oxidation—the percentage of 
hydrogen peroxide calculated from the permanganate taken is in sub- 
stantial agreement with that calculated from the oxygen evolved, in 
whichever order the reagents are mixed. To illustrate this statement, 
the following figures, obtained by the use of acetic acid, may be adduced : 

Ten c.c. of a dilute solution of hydrogen peroxide, mixed with acetic 
acid, required 12°3 c.c. of a solution of permanganate, containing 
0:00669 gram KMn0O, per cc. The peroxide solution, therefore, con- 
tains 0°0044 gram per c.c. 

Ten c.c, of the same peroxide solution, mixed with 12°3 c.c. of per- 
manganate containing acetic acid, gave 26:0 c.c. of oxygen, calculated 
to normal temperature and pressure, This corresponds to 0°0042 gram 
per c.c. 

Another solution of permanganate was made, containing 0°00694 
gram per ¢.c. ; with this, the amount of available oxygen in 10 c.c. of 
a solution of peroxide was determined by addition of peroxide to a 
mixture of permanganate and sulphuric acid ; it amounted to 9°0354 
gram. Five experiments were then made, in which the peroxide was 
added to a mixture of permanganate with acetic acid; and five in 
which the permanganate was added to a mixture of peroxide and acetic 
acid ; the oxygen was collected and measured in each case, and its 
weight calculated. The results are given in the following table: 


Peroxide Difference Permanganate Difference 
added. per cent. added. per cent. 


00365 +3°71 . 0°0351 — 0°34 
00350 — 0°89 . 0°0350 — 0°89 
00350 - 0°89 . 0°0349 —1:27 

. 0°0351 —0°72 .. 0°0349 — 1:38 
5. 0°0355 + 0°42 . 0°0354 + 0°20 


The small error is probably to be ascribed to the solubility of the 
liberated oxygen in the liquid. 

One other experiment remains to be chronicled ; Baeyer’s statement, 
tbat neither persulphuric acid nor Caro’s acid rapidly affects perman- 
ganate, was confirmed (Ber., 1901, 34, 853). 

Bach’s results are now explicable. Having added permanganate of 
known strength to a mixture of peroxide and sulphuric acid, he 
imagined that he had determined the strength of the peroxide solution. 
But, in actual fact, he had used too little permanganate, owing to the 
formation of persulphuric acid, and thus he reckoned the amount of 
peroxide as smaller than it really was, The oxygen collected on adding 
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the peroxide to the mixture of permanganate and sulphuric acid was 
therefore too great for the apparent weight of peroxide present in 
solution, and so he was led to imagine the existence of a peroxide of 
hydrogen containing more oxygen than the dioxide, 


My thanks are due to Messrs. H. Tempany, W. J. St. J. Alton, 
A. O. Jones, and A. C, Carter for carrying out the experiments de- 
scribed in this note. 


Untversity CotuEcr, Lonpon, 


CXL.—The Electrolytic Reduction of Nitrourea. 
By G. W. F. Hotroyp, 


THIELE AND LacHuMAN (Annalen, 1895, 288, 303) obtained evidence 
of the formation of nitrosourea as the primary reduction product of 
nitrourea. This nitroso-compound appears to be very unstable, being 
readily decomposed by mineral acids or acetic acid, and although 
rather more stable in alkaline solution, it decomposes, even in such a 
solution, at a little above 0°. 

With the object of reducing the nitrosourea before it decomposes 
and so preparing semicarbazide from nitrourea, Thiele and Heuser 
(ibid., 311) added, in small quantities at a time, a mixture of nitrourea 
and hydrochloric acid to a mixture of zinc dust and ice. Since the 
temperature must be kept at about 0°, this operation is very laborious. 
The semicarbazide was separated from solution in the form of the 
compound [(CH,),C:N-NH-CO-NH,],,ZnCl, ; the yield of this com- 
pound obtained by the authors was 40 to 55 per cent. of the calculated 
amount. 

The experiments described below were undertaken in order to see 
whether the conditions necessary for the reduction might not be 
obtained more easily by using the electric current. The result was to 
show that the reduction may be effected electrolytically with the 
expenditure of very little labour. An aqueous solution of ammonium 
chloride served, in the majority of experiments, as the electrolyte. 

The following are the conditions which I found most favourable for 
the reduction. Ten grams of nitrourea, prepared according to Thiele 
and Lachman’s directions (Joc. cit., 281), are placed in a jar, and 80 
grams of commercial ammonium chloride and 300 grams of water are 
added. The cathode and anode each consist of a sheet of wrought 
iron, the area of one side of the portion of each of these which is 
immersed in the liquid is 70 sq.cm. The anode must be at least 3 
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mm. thick. A current of 2 amperes is passed during 20 hours. The 
cell is immersed in a large vessel of cold water. Since the resistance 
of such a cell, although it increases as the electrolysis proceeds, does 
not exceed more than about one ohm, a large number of such cells 
can easily be arranged in series, the anode of one cell being bent 
round so as to dip into the next and form the cathode of this second 
cell, and so on. 

In experiment 15, several cells of double the size and with double 
the charge of nitrourea, ammonium chloride, and water were placed 
in series. The yield given in the table refers to one of these cells ; 
the rest of the product obtained in this experiment was not re- 
crystallised. 

After interrupting the current, the contents of the cell are filtered 
at the pump, the precipitated ferrous hydroxide is washed twice with 
water, the turbid filtrate rendered clear by acidifying with hydro- 
chloric acid, the liquid again filtered if necessary, and 10 grams of 
benzaldehyde are added for every 10 grams of nitrourea used, in order 
to separate out the semicarbazide. The mixture is shaken in a bottle 
for a few minutes, allowed to stand for an hour, and the precipitated 
benzylidenesemicarbazide is then filtered off and washed with water. 

The benzylidenesemicarbazide so obtained may be directly con- 
verted into semicarbazide hydrochloride. According to Thiele and 
Stange (Annalen, 1894, 283, 21), benzylidenesemicarbazide gives 89 
per cent. of the theoretical yield of semicarbazide hydrochloride. If 
the benzylidenesemicarbazide is required in a state of purity, it may 
be recrystallised from commercial alcohol (methylated spirit). The 
reduction gave a yield of recrystallised benzylidenesemicarbazide 
equal to 60 per cent. of the theoretical yield. The crude product 
probably contains 66 per cent. of the calculated amount, for 1 gram 
of pure benzylidenesemicarbazide gave 0°9 gram when recrystallised 
in the same manner. 

I found this the most economical method of preparing semicarbazide 
hydrochloride, 

Subjoined is a table showing the results of electrolysis under various 
conditions of temperature, size of electrodes, and density of current. 

In calculating the density of current, both sides of the cathode have 
been counted as area of the cathode, with the exception of those cases 
where the iron box was used and of experiment 17, where the electrodes 
were very close to one another, 

For purposes of estimation, the semicarbazide was converted into 
the benzylidene derivative, 


01160 of the product in experiment 15 gave 261 c.c, of nitrogen at 
7° and 758 mm. N=26-05. 
C,H,ON, requires N = 25°76 per cent. 
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In experiment 16, the electrolysis was interrupted after 10 hours 
and begun again on the following day ; the nitrourea was added in 
portions of 1 gram at intervals of 2 hours. When electrolysis was 
at an end, the solution was filtered and 5 grams of acetone were added, 
a crystalline deposit of the compound [(CH,),C:N*NH-CO-NH,],,ZuCl, 
was formed. ‘This precipitate was filtered off after some hours, and 
dried on a porous plate; it then weighed 5°95 grams. One gram of 
this precipitate was dissolved in water, 1 gram of benzaldehyde added, 
and the solution heated to boiling ; the benzylidenesemicarbazide thus 
formed was collected and recrystallised from alcohol ; it then weighed 
0°73 gram. ‘The 5°95 grams of zinc compound would, therefore, have 
given 4°34 grams of recrystallised benzylidenesemicarbazide ; this 
corresponds to a yield of 28 per cent. of the theoretical. 1°95 grams of 
recrystallised benzylidenesemicarbazide were obtained from the filtrate 


from the zine compound ; this corresponds to a yield of 12°58 per cent. 
A total yield of 40°58 per cent. of the theoretical was, therefore, 
obtained in this experiment. 

In all the other experiments, the semicarbazide was precipitated 
directly as the benzylidene derivative. 

Experiment 17 shows that a good yield may be obtained when zine 
poles are used, if the nitrourea be added very gradually. 

In the case of experiments 16 and 17, where zinc poles were used, an 
alternating current was employed to prevent the formation of a bridge 
of zinc from pole to pole. 

A little piece of apparatus which I found very useful for alternating 
a direct current, depends on an observation made some years ago by 
Mr. A. G. Vernon Harcourt. If a vessel containing air be heated and 
connected, by means of glass tubing, with a U-tube containing mercury, 


~~ i t-- 
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and an oscillatory motion be imparted to the mercury, this motion is 
maintained so Jong as the vessel containing air is heated. 

I proposed to use this arrangement as a source of energy to work an 
ordinary rocking alternator. Iam, however, indebted to Mr. D. H. 
Nagel, of Trinity College, for the suggestion that I should use the oscil- 
lating mercury in the U-tube directly for making and breaking contact. 
This I did in the following manner. 

I placed a flask of 250 c.c. capacity in a horizontal position above an 
argand burner and connected it, by means of a doubly-bored cork and 
bent glass tubes, with two U-tubes half-filled with mercury. By im- 
parting simultaneously to the mercury in both U-tubes an oscillatory 
motion (by depressing the mercury in the outer limbs by two corks 
fixed on the ends of little rods), I obtained the necessary movement of 
the mercury. This movement is maintained so long as the flask is 
heated. By the arrangement of wires shown in the figure (p. 1330), 
a current may be sent first in one direction and then in the opposite 
direction through an electrolytic cell. The wires which come in contact 
with the mercury should be of iron. 

Thiele and Lachman remark with respect to primary nitrosoamines : 
“These nitrosoamines are generally very unstable bodies, and it is 
owing to their production that the reduction of primary nitroamines 
generally gives such unsatisfactory yields ” (loc. cit.). 

A method similar to the above may probably be applied with advan- 
tage to the reduction of other nitroamines and nitrosoamines. This I 
hope to test in the near future. 


I wish to express my thanks to Mr. D. H. Nagel, of Trinity College, 
Oxford, for kindly allowing me to carry out these experiments in the 
laboratory of Balliol and Trinity Colleges. 


Curist CHURCH, OXFORD, 


CXLI—The Constitution of Pilocarpine. Part LI. 


By Hoover ALBERT Dickinson JOWETT. 


Ix previous papers (Trans., 1900, '77, 851, this vol., 580), it was shown 
that by the oxidation of isopilocarpine with permanganate a small 
quantity of acetic acid is formed together with a crystalline lactonic 
acid, C,H,,0,, to which the name pilopic acid was assigned. 

The present paper deals with a fuller examination of the products of 
oxidation of the alkaloid and with the constitution of pilopic acid. 
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By the oxidation of larger quantities of isopilocarpine, it has been found 
that in addition to the acids above mentioned, small quantities of 
‘propionic acid and of a new acid, homopilopic acid, C,H,,0,, homologous 
with pilopic acid, are also obtained. 

Although the correctness of the formula for pilopic acid has been ques- 
tioned by Pinner and Kohlhammer (Ber., 1900, 33, 1424, 2357 ; 1901, 
34, 727), its accuracy has been confirmed, not only by analyses of the 
ethyl and methyl! esters and of the crystalline acid and various deriva- 
tives, but particularly by the determination of the molecular weight 
of the methyl ester. The pure crystalline acid has been characterised 
and the anilide and the strychnine salt prepared in crystalline form 
and examined. The lactonic nature of pilopic acid has been proved by 
the preparation of the barium and silver salts and of the crystalline 
diamide of the corresponding hydroxy-acid, the behaviour of the acid 
in the last case recalling that of isohexolactone, which with ammonia 
yields y-hydroxyisohexoamide, The reaction may be expressed by the 
following equation : 


00,Et-0,Hy <I” +2NH, =0H-0,H,(CO-NH,), + Et-OH. 


Homopilopic acid has not been crystallised, but the diamide of the 
hydroxy-acid has been obtained in well-defined crystals and the 
lactonic nature of the acid proved by the preparation of the barium 
salt of the hydroxy-acid. It is also shown that there are grounds for 
regarding Pinner and Kohlhammer’s piluvic.acid as a mixture of 
pilopic and homopilopic acids. 

In a previous paper (Trans., 1900, '77, 858), it was shown that from 
ethyl pilopate, by treatment with phosphorus pentabromide, &., a 
small quantity of isobutyric acid was obtained. Repetition of this 
experiment with a larger quantity of material’ and the isolation and 
examination of the intermediate products of the reaction have shown 
that the quantity of isobutyrie acid formed is very small and is pro- 
duced by secondary reactions. As the constitutional formula previously 
proposed for pilopic acid was founded on the production of isobutyric 
acid as the main product of the reaction, the deductions are invalid 
and the formula must therefore be abandoned. By fusion of pilopic 
acid with potassium hydroxide at a high temperature, normal butyric 
acid is formed, whilst at a low temperature most of the acid is not 
attacked, but a small portion is converted into the isomeric unsaturated 
acid. 

When homopilopic acid is fused with potassium hydroxide at 4 
medium temperature, a-ethyltricarballylic acid is produced, and this 
acid has been identified beyond question by the formation of certain 
characteristic derivatives (see following paper). 
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Finally, it is shown that in all probability the constitution of pilopic 
and homopilopic acids may be represented by the following formule : 


C,H,-CH—CH-00,H C,H,-CH—CH-CH,-C0,H 
CO-0-CH, -O-CH, 
Pilopic acid. Homopilopic acid. 


EXPERIMENTAL. 
Oxidation of isoPilocarpine and formation of Propionic Acid. 


About 1 kilo. of isopilocarpine nitrate was oxidised with perman- 
ganate in the manner previously described, with this modification— 
that all the volatile acids formed were removed by steam distillation 
of the acid liquid previous to concentration and subsequent extraction 
with alcohol. The aqueous solution of the volatile acids, which was 
free from any rancid odour, was neutralised and evaporated to a low 
bulk, acidified with sulphuric acid, and extracted with ether. After 
removal of the ether by evaporation, the residue, which smelt strongly 
of acetic acid, was distilled. The first fraction, which came over below 
120°, consisted chiefly of acetic acid and was not further examined, 
The remainder of the liquid distilled completely between 120° and 140°, 
the greater portion coming over at 136°. The distillate was converted 
into the crystalline barium salt, from which the silver salt was obtained 
in three fractions by precipitation with aqueous silver nitrate, Each 
fraction was analysed with the following results : 


Fraction 1, 0°2706 gave 0°1616 Ag. Ag=59°7. 
P 2. 01116 ,, 00666 Ag. Ag=59°7. 
3. 0061 ,, 00366 Ag. Ag=60°0. 
C,H,0,Ag requires Ag=59°7 per cent. 
In order to complete the proof of the identity of the acid, it was 


converted into the anilide, which melted at 103°, and on analysis 
furnished the following result : 


01542 gave 13°6 c.c. nitrogen at 15° and 753mm. N=10-0. 
C,H,,ON requires N = 9-4 per cent. 


The only volatile acids formed during the oxidation of isopilocarpine 
with permanganate are therefore acetic and propionic acids. 


Fractional Distillation of the Ethyl Esters. 


In order to determine the composition of the ethyl ester obtained 
by the oxidation of isopilocarpine, it was submitted to careful 
fractionation. 

One hundred and thirty grams of the crude ester were twice 
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refractionated under 10 mm. pressure and the following fractions 
obtained. 


Below 160° 170—175°...... 22 grams 
160—165° Above 175° 
165—170° 


The fractionation in a vacuum was found to be unsatisfactory, as 
any slight variation in the pressure, which is almost unavoidable, 
affected the distilling point to a considerable extent. 

An attempt was made to fractionate the ester under the ordinary 
pressure, using the rod and disc fractionating apparatus (Young, 
Trans., 1899, '75, 689) and a metal bath. This method, however, was 
only partially successful, owing to the risk of fracture of the flask by 
the high boiling liquid and to the loss of valuable material by de | 
composition in each distillation. If a small quantity, for example, 
20 grams, of the ester be rapidly distilled from an ordinary distilling 
flask, it appears to boil quite constantly at 299° with very little de 
composition, and a similar result is obtained by distilling it in a vacuum. 
As the result of three fractionations, the whole of the liquid was 
separated into three main fractions, which were analysed with the 
following results : 


Fraction 1. B. p. 290—300° (or 164—166° under 10 mm. pressure). 
0°2126 gave 0°4544 CO, and 0°1446 H,O. C=583; H=7°6. 
Fraction 2. B. p. 300—310°. 
0°2102 gave 0°4544 CO, and 0°152 H,O. C=59:0; H=8°0. 
Fraction 3. B. p. 310—312° (or 210° under 10 mm. pressure). 
0°1538 gave 0°338 CO, and 0:1126 H,O. C=59:9; H=8'l. 
C, H,,O0, requires C=58°1; H=7°5 per cent. 
C,H,,O, » C=600; H=80 ,, 
C,,H,,0,* , C=590; H=82 _,, 


The greater portion of the ester was contained in fractions 1 and 2. 

From these results, it would appear that two homologous esters are 
present, the first and third fractions each consisting of an almost pure 
ester and the second fraction being a mixture. This will account for 
the high figures persistently obtained for the carbon, as it is almost 
impossible to procure the lower fraction quite free from the higher 
homologue. 

The first fraction on hydrolysis readily yields the crystalline pilopie 
acid, but the second and third fractions only yield an oil which could 
not be crystallised. 

By distillation of the second fraction in a vacuum, it was possible to 


* Pinner and Kohlhammer’s formula. 
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effect a separation into three fractions, similar to those previously 
described, thus proving it to be a mixture of the two homologous 
esters. 


Pilopic Acid, C,H,,0,. 


This acid, which was crystallised with considerable difficulty, was 
prepared as follows. The ethyl ester boiling at 290—300° was 
hydrolysed either by aqueous potassium hydroxide or by 40 per cent. 
sulphuric acid, and the acid liquid saturated with ammonium sulphate 
and extracted by ether. The ethereal solution of the acid was next 
extracted with sodium carbonate solution, and the alkaline liquid sub- 
sequently acidified with sulphuric acid, saturated with ammonium 
sulphate, and extracted by ether. The ethereal extract was washed 
with water, dried over calcium chloride, and distilled. The syrupy 
residue, after standing for several days in a vacuous desiccator over 
sulphuric acid, with frequent stirring, became pasty and almost solid. 
It was spread on a porous tile, and the crystalline crust thus obtained 
recrystallised several times from hot benzene. After several recrystal- 
lisations, it separated in silky plates melting constantly at 104° (corr.). 
The acid can also be crystallised from water, in which, however, it is 
very soluble. On analysis : 


009 gave 01748 CO, and 0°0526 H,O. C=530; H=6'5. 
01528 ,, 0-297 CO, ,, 0°0904 H,O. C=53:0; H=6°57. 
C,H,,0, requires C=53:2; H=6:3 per cent. 


The acid is dextrorotatory, and a determination of the specific 
rotation in aqueous solution gave the following result : 


+1:2°; 7=1 dem. ; c=3°324; [a |p = +36°1°. 


When excess of alkali is added to the acid solution, the specific rota- 
tion diminishes, a property also shown by pilocarpine and ésopilocar- 
pine. A determination of the specific rotation in alkaline solution 
gave the following result : 


ap = +0°3°; 7=1dem.; c=9°5; [a] = +3°2° 
The methyl ester, prepared in the usual way by means of sulphuric 


acid and methyl alcohol, is a colourless liquid boiling at 155—160° 
under 10 mm., and at 275° under 757 mm. pressure. On analysis: 


01534 gave 0315 CO, and 0:099 H,O. C=56:0; H=7°2. 
O,H,,0, requires C=55°8; H=7-0 per cent. 


In order to prove conclusively the correctness of the formula 
(,H,,0,, proposed for pilopic acid, the molecular weight of the methyl 
ster was determined. Although the percentages of carbon and 
hydrogen required for the formule proposed by the author and by 
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Pinner and Kohlhammer are not very dissimilar, there is a consider. 
able difference in the molecular weights of the corresponding ester, 
The molecular weight was determined by the depression of the freezing 
point of benzene and of glacial acetic acid. 


Solvent. Wt. of ester. Wt.ofsolvent. Depression. Mol. wt, 
Benzene 0°3322 13°98 0°65° 179 
Glacial acetic acid 0°3964 15-762 0°59 166 

Molecular weight of C,H,,0, = 172 

* 9 C,oH,,0, = 216 (P. and K. formula) 


These results, in addition to the. analytical data recorded in this 
paper, conclusively prove the correctness of the formula C,H,,0, pre- 
viously ascribed to pilopic acid. 

The barium salt of pilopic acid was prepared by digesting an aqueous 
solution of the acid with excess of barium carbonate, filtering 
evaporating the filtrate to a low. bulk, and precipitating with alcohol. 
The microcrystalline salt, dried at 120°, was analysed with the fol- 
lowing result : 


0°1406 gave 0°0722 BaSO,. Ba=30:2 
(C,H,O,),Ba requires Ba=30°4 per cent. 


The anilide, C,H,O-NH-C,H,, was prepared by boiling the acid with 
three fimes its weight of aniline in a reflux apparatus for 24 hours, 
The liquid was poured into excess of dilute hydrochloric acid and the 
acid liquid extracted with ether. The ethereal extract was washed 
four times with dilute acid, finally with water, and dried over calcium 
chloride. After removal of the ether by distillation, the residue was 
placed in a vacuous desiccator over sulphuric acid and frequently 
stirred. [na short time, the oil became almost solid ; the mass was 
spread on a porous tile and the dry powder then recrystallised from 
hot ether until of constant melting point. It was thus obtained in 
white, flat, pearly plates melting sharply at 110° (corr.). On 
analysis : 


0°1124 gave 6°4 c.c. nitrogen at 22° and 764 mm. N=6'3. 
C,,H,,0O,N requires N=6-0 per cent. 


The strychnine salt was prepared by boiling the aqueous solution of 
the acid with excess of strychnine and filtering. The filtrate was then 
evaporated in a vacuous desiccator over sulphuric acid and a very 
hygroscopic crystalline mass obtained, which was dissolved in a little 
hot alcohol. On standing, after the addition of ether, a quantity of 
strychnine separated, which was removed, and more ether added to the 
mother liquor, After long standing in a stoppered bottle, rosettes of 
crystals separated. ‘These were dried and found to be very soluble in 
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water or alcohol and to melt at 120° (corr.) ; the aqueous solution was 
acid to litmus, On analysis : 


0:186 gave 7°6 nitrogen at 22° and 764mm. N=4'5. 
01606 ,, 0°0832 anhydrous strychnine = 51°8. 
C,,H,,0.N o(C,H,90,). requires N= 4-3 ; strychnine =51'4 per cent. 


This was therefore the acid salt of strychnine, formed by the 
separation of strychnine from the normal salt which was apparently 
first produced. 

The diamide of the hydroxy-acid was prepared by mixing equal 
volumes of the methyl or ethyl ester of pilopic acid and strong aque- 
ous ammonia. After standing for some hours with frequent shaking, 
the oil disappeared and the liquid solidified to a mass of crystals 
which was drained on a porous tile and recrystallised from hot alcohol 
until of constant melting point. The amide was sparingly soluble in 
cold water or alcohol, fairly so in hot water or alcohol, and almost in- 
soluble in ether, benzene, or chloroform. The crystals melted at 160° 
(corr.), and on analysis yielded the following results : 


0:0934 gave 0°167 CO, and 0:°069 H,O. C=48:'7; H=8:2. 
01206 ,, 17:0 c.c. nitrogen at 14° and 764mm. N=16°4, 
C,H,,0,N, requires C = 48°3 ; H=8:1 ; N=16°1 per cent. 


Lactonic character of Pilopic Acid.—The correctness of the formula 
for pilopic acid having been demonstrated, experiments were next 
undertaken to obtain further proof of its lactonic character. Two 
grams of the acid were boiled with excess of baryta water for an hour, 
the solution saturated with carbon dioxide, and filtered, The filtrate was 
evaporated to a low bulk, acidified with the requisite quantity of 
sulphuric acid, and extracted with ether. The ethereal solution was 
washed with water, the ether spontaneously evaporated, and the residue 
placed overnight in a desiccator over sulphuric acid. It was then 
titrated with normal alkali, using phenolphthalein as indicator, with the 
following results : 

0'52 required in the cold, 3°4 c.c. for neutralisation, and, when 
boiled with excess of alkali and titrated back with acid, 6°5 c.c.; this ~ 
amount of an acid, C,H,,0,, requires 3°3 c.c. and 6°6 c.c, respectively. 
The substance was therefore the lactonic acid. 

The barium salt of the hydroxy-acid was prepared by adding alcohol 
to a concentrated aqueous solution of the salt, prepared as just 
described. The precipitate was filtered off and dried on a porous tile. 
On analysis, the air-dried salt yielded the following result : 


0°1404 gave 0:0982 BaSO,. Ba=41°1. 


0:258 at 150° lost 00112 H,O. H,O=4°4. 
C,H,,0,Ba,H,O requires Ba =41°6 ; H,O=5°5 per cent. 
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The specific rotation of the barium salt was determined in aqueous 
solution with the following result. 


al’= +0:216°; 7=1 dem.; e= 3512; [a]P= +6°1° 


The silver salt of the hydroxy-acid, prepared from the barium salt 
by interaction with silver nitrate, was a gelatinous precipitate, which, 
after drying on a porous tile, yielded, on analysis, the following 
result : 


0°256 gave 0'1404 Ag. Ag=55-0. 
0,H,,0,Ag, requires Ag = 55°4 per cent. 


Action of Ammonia on the Ethyl Esters (Middle Fraction). 


The middle fraction of the ethyl ester obtained from the oxidation 
of isopilocarpine (p. 1334) was shaken with an equal volume of strong 
ammonia, and a crystalline amide obtained melting at 151°. This was 
recrystallised many times from hot alcohol and from water, and a 
small quantity of an amide melting at 200° separated. As this proved 
to be identical with the amide obtained from the third fraction of the 
ester, it was set aside. The crystals from the mother liquors were 
recrystallised several times from alcohol and from water, and a pro- 
duct obtained melting at 161°, but analysis showed that it was not 
pure, so that it was not possible to separate the homologous amides 
completely by this method. In spite of all attempts to separate this 
middle fraction into its constituents, it could not be purified further 
than into two portions, one chiefly ethyl pilopate, and the other con- 
taining only a small quantity of this ester. 


Homopilopie Acid, C,H,,0,. 


The third fraction of the ethyl esters obtained by the oxidation of 
isopilocarpine (p. 1334) gave, on analysis, results agreeing with those 
required for an ester of the formula ©,,H,,0, On treatment with 
ammonia, a crystalline amide was obtained which melted at 199, 
This amide, together with the portion melting at 200° from the second 
fraction of the ester, was recrystallised from water and from hot 
alcohol until of constant melting point. It was readily crystallised 
from hot water, and separated in well-defined prisms melting sharply 
at 208° (corr.) On analysis : 

0°158 gave 0°2938 CO, and 071246 H,O. C=50°'7; H=8°7. 

01172 ,, 15 -c.c. nitrogen at 20° and 769 mm. N=14°6. 

O,H,,0,N, requires C=51:1; H=856; N=14°9 per cent. 


As in the case of the pilopic ester, the diamide of the hydroxy-acid 
is formed in this reaction. 
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The acid, for which the name homopilopic acid is proposed, was 
obtained from the pure amide by heating with 20 per cent. hydro- 
chloric acid in a sealed tube at 120°. The acid was extracted with 
ether, the ethereal solution washed with water, dried over calcium 
chloride, and distilled. The residual oil, after remaining in a vacuous 
desiccator over sulphuric acid for some days, showed no signs of 
crystallisation, and was therefore distilled in a vacuum. It boiled at 
235—237° under 20 mm. pressure. On analysis: 


0'141 gave 0°2864 CO, and 0:092 H,O. C=554; H=7°2. 
C,H,,0, requires C=55°8 ; H=7°0 per cent. 


The acid is dextrorotatory, and a determination of its specific rota- 
tion in aqueous solution gave the following result : 


a= +1°6°; J=1 dem.; c=3524; [a]f = +45°4°. 

With excess of alkali, the specific rotation is diminished : 

ay = +0°16°; 7=1 dem. ; c=2°82; [a]}'= +5°9° 

The acid was titrated with decinormal alkali, using phenolphthalein 
as indicator, with the following results : 

0-185 required in the cold, 10°5 c.c. for neutralisation, and, when 
boiled with excess of alkali and titrated back with acid, 21°4 c.c. ; this 
amount of an acid, O,H,,0,, requires 10°75 c.c. and 21°5 c.c. respec- 
tively, 

The barium salts of the lactonic and hydroxy-acids were prepared in 
a manner similar to the corresponding salts of pilopic acid. 


The barium salt of the lactonic acid is a very hygroscopic powder, 
which, dried at 150°, yielded the following result on analysis : 


01614 gave 0°079 BaSO,. Ba=28°8. 
(C,H,,0,).Ba requires Ba = 28°6 per cent. 


The barium salt of the hydroxy-acid, which is microcrystalline and 
stable in the air, contains 1 mol. of water of crystallisation. On 
analysis of the air-dried salt : 


0°6094 at 150° lost 0°0314 H,O. H,O=5:1. 
0°3542 gave 0°2414 BaSO,. Ba=40°l. 
C,H,,0,Ba,H,O requires Ba =40°0; H,O=5°3 per cent. 


Pinner and Kohlhammer’s Piluvic Acid. 


It having been proved that pilopic acid has not the same formula as 
piluvic acid, the question arises whether homopilopic and piluvie acids 
may not be identical. Although it is not possible to decide this ques- 
tion definitely, inasmuch as no physical constants have been recorded 
for piluvie acid by means of which it may be identifed, and as no proof 
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has yet been adduced that the acid and its derivatives were pure 
products, yet there are a number of facts which suggest the possibility 
of the identity of these acids, or, at any rate, that piluvic acid con. 
sisted largely of homopilopic acid. 

Forty grams of isopilocarpine were oxidised with 127 grams of per- 
manganate in the cold, and the ethyl ester isolated by the usual 
method. On distillation under 20 mm. pressure, three fractions were 
obtained boiling at 160—170°, 170—190°, and 190—240° respectively, 
The lowest fraction, distilled under 760 mm. pressure, gave a liquid 
boiling at 295°, which was analysed with the following results : 


0°1996 gave 0°4126 CO, and 0°1308 H,O. C=57-6; H=7°3. 
C,H,,0, requires C=58°1 ; H=7°'5 per cent. 


The liquid was therefore ethyl pilopate, so that, under the conditions 
of this oxidation, pilopic acid was formed. 

Experiments were made, using larger quantities of permanganate 
than previously employed, in order to obtain pilopic acid free from 


homopilopic acid, but this purpose was not accomplished, although the 
amount of volatile acids appeared to increase. It is more probable, 
therefore, that in the oxidation of isopilocarpine the molecule is 
attacked at two points, namely, at contiguous carbon atoms, with the 
formation of pilopic and homopilopic acids, rather than that homopilopic 
acid is first produced and then oxidised to pilopic acid. It is of course 
possible that both factors come into play when a large excess of per- 
manganate is used. Pinnerand Kohlhammer may therefore have been 
dealing with a mixture of pilopic and homopilopic acids, and their 
analytical results are in harmony with such a suggestion. Moreover, 
there is an experiment recorded by them which supports this view, 
namely, that in which an attempt was made to purify the amy] ester 
by distillation. In this case, the analytical results did not agree with 
any formula, and the authors admit the ester was impure ; it was, 
however, prepared from the barium salt of the acid by a simple re 
action, such as would lead to the formation of a product requiring ouly 
a single fractionation to obtain it in a state of purity. The fact that 
the ester was not pure throws doubt on the purity of the barium salt, 
although it is on the analysis of this salt, and of the acid derived from 
it, that the proof of the formula, C,H,,0,, given by Pinner and Kobl- 
hammer for piluvic acid is partly based. 


Experiments on the Constitution of Pilopic and Homupilopic Acids. 


For the purposes of these experiments, the syrupy acid was used, 
analysis having shown that only a small proportion of homopilopic acid 


was present. Twenty-four grams of ethyl pilopate were treated with | 
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phosphorus pentabromide, as already described (Trans., 1900, '77, 858), 
and 20 grams of an ester boiling at 180—190° under 10 mm. pressure 
obtained. This, when treated with diethylaniline, yielded 13 grams of 
a product which, when fractionated, first in a vacuum and then under 
the ordinary pressure, could be divided into two fractions: (1) 
270—290°, a limpid oil; (2) 290—300°, a thicker oil, showing a 
tendency to deposit a waxy substance. 

The first fraction proved to be ethyl pilopate, and by hydrolysis the 
crystalline pilopic acid was obtained from it. On analysis of the 
ester : 


00946 gave 0°2016 CO, and 0°0672 H,O. C=581; H=7°8. 
C,H, ,0, requires C=58°1 ; H=7°5 per cent. 


The second fraction, on analysis, yielded the following result : 


0:1014 gave 0:2262 CO, and 0°0714 H,O. C=608; H=7°8. 
C,,H,,0, requires C=61-7 ; H =8°4 per cent. 


It was not therefore the expected diethyl ester of the unsaturated 
acid. On hydrolysis, a syrupy acid was obtained which did not crys- 
tallise even when left in a vacuum over sulphuric acid at 0° for several 
days. 

This acid yielded an amorphous silver salt containing 53°1 per cent. 
Ag (C,H,0O,Ag, requires Ag=58-l per cent.). It was oxidised with 
permanganate at 0°, and an oily acid with a rancid odour was isolated 
from the products of the reaction. The silver salt prepared from this 
acid contained 51°4 per cent. Ag, but the quantity obtained was too 
small to purify, and as it was evident that this amount of acid did 
not represent the main reaction, the experiment was abandoned. 

Action of Hydriodic Acid on Pilopic Acid.—The acid was heated with 
three times its weight of fuming hydriodic acid in a reflux apparatus 
for several hours, but the pilopic acid was recovered unchanged. 
When heated in a sealed tube at 180°, no crystalline product was 
obtained, but only a small quantity of an oil having the odour of 
petroleum. 

A quantity of the acid was heated to 210° in a sulphuric acid bath, 
but no change took place, no gas or water being given off. 


Fusion of Pilopic Acid with Potassium Hydroxide. 


Fusion at a High Temperature.—Five grams of the syrupy acid were 
mixed with 25 grams of potassium hydroxide and a few drops of water, 
and the mixture fused for a short time. The fused mass was dissolved 
in water, acidified with sulphuric acid, and distilled with steam. The 
distillate, which had a rancid smell, was extracted with ether, the 
ethereal solution dried over calcium chloride, and distilled. 
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The residue distilled completely at 110—160°, and the distillate was 
miscible with water. The barium salt was prepared and analysed : 


0:2672 gave 0°2014 BaSO,. Ba=44:3. 
(C,H,O,),Ba requires Ba = 44:1 per cent. 


The calcium salt was also prepared, and obtained as white, peatly 
plates, which were dried on a porous tile, and, on analysis, yielded the 
following result : 


0127, air-dried, lost 0‘0112 H,O at 150°. H,O=8°8, 
(C,H,O,),Ca,H,O requires H,O = 7°8 per cent: 


Calcium isobutyrate crystallises with 4 mols. of water of crystallisa: 
tion. Further proof of the identity of this salt with calcium n-butyrate 
was afforded by making a saturated aqueous solution of the salt at 0°, 
and placing the solution in warm water, when crystals separated which 
redissolved on cooling to 0°. 

The silver salt was prepared, and, after recrystallising once from 
hot water, furnished the following result on analysis : 


0'136 gave 0°0752 Ag. Ag=55'3. 
C,H,O,Ag requires Ag= 65-4 per cent. 


The volatile acid formed is therefore normal butyric acid. No other 
acid could be isolated from the residue left after distillation. 

Fusion at a Low Temperature.—Ten grams of acid were fused with 
30 grams of potassium hydroxide and 5 c.c. of water, and kept gently 
simmering for some time. The fused mass was dissolved in water, 
acidified with sulphuric acid, and distilled with steam, but no volatile 
acid was obtained. The acid liquid was extracted with ether, the 
ethereal solution washed with water, dried over calcium chloride, and 
distilled. The residue weighed 6 grams, and on standing in a vacuum 
for some time, deposited a small quantity of crystals, which were 
separated, and drained on a porous tile. The non-crystalline residue 
was found to be unchanged pilopic acid. The residual liquid, after 
extraction with ether, was neutralised, evaporated to dryness, and 
extracted with alcohol. The alcohol was removed by distillation, the 
residue dissolved in a little water, and precipitated with lead acetate. 
The acid, regenerated from the lead salt by means of sulphuretted 
hydrogen, gave crystals mixed with unchanged pilopic acid, and when 
recrystallised from hot water came out in scales. When pure, it 
melted at 190° (corr.), losing water, and forming, apparently, the 
anhydride, On analysis : 


00258 gave 0°05 CO, and 0°016 H,O. C=52°8; H=6°9. 
C,H,,0, requires C=53'2 ; H=6°3 per cent. 


fo 
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The acid was almost insoluble in ether, and sparingly soluble in 
cold water ; it decolorised permanganate solution. 

The silver salt was obtained as a granular precipitate on adding 
silver nitrate to a solution of the ammonium salt of the acid. After 
washing, it was dried on a porous tile and analysed, with the follow- 
ing result : 


0:116 gave 0°0674 Ag, 0094 CO,, and 0:0238 H,O. Ag=68'1; 
C=22:1; H=2°3, 
C,H,0,Ag, requires Ag=58'1 ; C=22°6 ; H=2:1 per cent. 


From a consideration of the properties of this acid, it would appear 
probable that it is an unsaturated acid closely allied to ethylitaconic 
acid, and that it is produced from the lactonic acid by a similar reaction 
to that generally brought about by sodium ethoxide. 

By fusion at a low temperature, therefore, a small quantity of the 
isomeric unsaturated acid is formed, but the greater portion of the 
lactonic acid is recovered unchanged. 


Fusion of Homopilopic Acid with Potassiwm Hydroxide and Formation 
of a-Ethyltricarballylic Acid. 


A preliminary experiment having shown that a crystalline acid is 
formed by the fusion of homopilopic acid with potassium hydr- 
oxide at a moderate temperature, the whole of the syrupy homopilopic 
acid at disposal was fused with three times its weight of the alkali 
and a little water for half an hour; the mass was then dissolved in 
water, acidified with sulphuric acid, and distilled with steam. Only a 
trace of a volatile.acid was obtained. 

The acid liquid remaining after distillation was extracted with 
ether, the ethereal solution washed with water, dried over calcium 
chloride, distilled to a low bulk, and then poured into excess of 
benzene. On standing, crystals separated, which were filtered off and 
dried on a porous tile. From the acid liquid, after extraction with 
ether, more acid can be obtained through the lead salt, as previously 
described. 

In this way about 3 to 4 grams of a crystalline acid were obtained. 
This acid melted indefinitely at about 117°, but after washing with hot 
benzene, fused at 145°. It was recrystallised from ether and from water 
until the melting point was constant, and was then obtained in hard 
prisms melting sharply at 157° (corr.), The acid is readily soluble in 
water or alcohol, and moderately so in ether, but on evaporating the 
ethereal solution an oil is obtained which gradually solidifies; it is 
insoluble in benzene or light petroleum. A 6 per cent. aqueous solu- 
tion was optically inactive. On analysis : 


42Z2 
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0°1338 gave 0°23 CO, and 0073 H,O. C=46°9; H=6:1. 
00922 ,, 0159C0, ,, 005 H,O. C=470; H=6°0. 
C,H,,0, requires C= 47-1 ; H=5°9 per cent. 


The analytical results, melting point, and behaviour towards 
solvents agree with those recorded for a-ethyltricarballylic acid, and 
a mixture of equal parts of the synthetical acid and that obtained by 
fusion melted at 157° (corr.). 

Further evidence as to its identity with a-ethyltricarballylic acid 
was afforded by an examination of the following derivatives, which agreed 
in all respects with those recorded in the following paper (p. 1346) for 
this acid. 

The anhydro-acid, prepared by heating the acid with excess of acetyl 
chloride in a reflux apparatus for 2 hours, could only be obtained as 
an oil soluble in benzene and yielding with aniline an amorphous 
compound. 

The silver salt was prepared by adding silver nitrate to an aqueous 
solution of theammonium salt. The flocculent precipitate, insoluble in 
water, was well washed and dried, first on a porous tile, and then at 
100°. On analysis : 


0°1248 gave 00816 CO,, 0-0246 H,O, and 00768 Ag. C=178; 


H=2°2; Ag=61°6. 
0°1354 gave 0°0836 Ag. Ag=61°7. 
C,H,O,Ag, requires C=18°3; H=1°7; Ag=61°7 per cent. 


The calciwm salt was prepared by digesting the aqueous solution 
of the acid with an excess of calcium carbonate and filtering. The 
filtrate, when heated to 100°, became a firm jelly which liquefied on 
cooling. This behaviour has been shown to be very characteristic of 
calcium a-ethyltricarballylate. The solution of the calcium salt was 
evaporated to a low bulk in a vacuum and precipitated with alcohol. 
The precipitate was dried, first on a porous tile and then between 
blotting paper. On analysis, the air-dried salt furnished the following 
results ; 


0'1284 at 150° lost 0:0306 H,O, and on ignition gave 0°031 Ca0. 
H,0 =23°8 ; Ca=17°3. 
(C,H,O,),Caz,9H,O requires H,O = 23°7 ; Ca=17°5 per cent. 

The copper salt, prepared in the usual way with copper acetate, was 
a bluish-green precipitate insoluble in bot water. After drying on 4 
porous tile and then at 120°, it furnished the following results on 
analysis : 

0-0636 gave 0:0256 CuO, Cu=32°1. 

(C,H,O,),Cu, requires Cu= 32:2 per cent. 
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Constitutional Formule of Pilopic and Homopilopic Acids. 


The identification of a-ethyltricarballylic acid as a product of the 
fusion of homopilopic acid with potassium hydroxide, and the other facts 
recorded in this paper, render it possible to state with a high degree 
of probability the constitutional formule of both pilopic and homo- 
pilopic acids. The formation of acetic and propionic acids by the 
oxidation of <sopilocarpine and of normal butyric acid by the fusion of 
pilopic acid with potassium hydroxide, prove that the isobutyl 
group does not exist in isopilocarpine, and that the formation of iso- 
butyric acid by the fusion of the alkaloid with potassium hydroxide is 
probably due to the action of the fused alkali on the normal acid first 
formed. That isopilocarpine must contain the n-butyl grouping 
follows from the formation of a-ethyltricarballylic acid, 


C,H,-CH(CO,H)-CH(CO,H)-CH,*CO,H. 


The formation of the tricarboxylic acid from the hydroxydicarb- 
oxylic acid (as potassium salt) can only be explained on the assumption 
that the CH,-OH group is oxidised to CO,H. The ethyltricarballylic 
acid may therefore be derived from one of the three following hydroxy- 
dibasic acids : 


0,H,-CH H-CH,-CO,H ; C,H,-CH——CH-CH,-CO,H ; 
CH,OH CO,H CO,H CH,-OH 


C,H,-CH——CH-CH,-CH,"OH 
CO,H CO,H 
On account of the stability of homopilopic acid, it is most reasonable 


to assume that it is a y-lactonic acid. From the above formule, four 
ylactonic acids may be derived : 


(1). (2). 
C,H, CH—CH-CH,CO,H , C,H,-CH—CH-CH,-CO,H 
CH,-0-CO CO-0-CH, 
(8). (4). 
C,H,-CH—C aT ; ,H,.CH— ae in 
CO,H CH,*0-CO & H 


If we regard pilopic acid as derived from homopilopic acid by the 
loss of carbon dioxide and oxidation of the contiguous carbon atom, 
only formule (1) and (2) are possible, as (3) and (4) would yield acids 
containing less than seven carbon atoms. 

The formation of pilopic acid during the oxidation of ¢sopilocarpine 
may be assumed to be due either to oxidation of the homopilopic acid 
frst formed, or, as has been previously pointed out, to simultaneous 
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oxidation at two different points in the molecule. Since, however, 
both acids contain the n-butyl group, it is most probable that they 
bear the relation to each other previously suggested, since oxidation 
must have occurred at that portion of the molecule containing the 
nitrogen atoms. If this argument be admitted, the possible formule 
for pilopic acid will be, 


(1). (2). 
C,H,,CH—CH-CO,H |. 0,4, a H-CO,H 
CH,-0-CO 


but of these (1) is clearly not admissible as it is a yon acid 
derivative and should therefore lose carbon dioxide on heating at 200°, 
which, as has been shown, is not the case. There remains therefore 
for pilopic acid the second formula, and the corresponding formula for 
homopilopic acid is 
C,H,-CH H:-CH,°CO,H 
CO-0-CH, i 


Lactonic acids corresponding to these formule have not hitherto 
been prepared, but pilopic acid resembles ethylparaconic acid in many 


of its physical properties, and the relation between the two is shown 
by their formule: 


C,H,-CH—CH-CO,H : iad 0) ease ; 
CO-0-CH, 
Pilopic acid. Ethylparaconic acid. 


It remains, therefore, to synthesise acids having the constitution 
assigned to pilopic and homopilopic acids, and to contrast the 
properties of the acids prepared synthetically with those recorded in 
this paper. Experiments with this end in view are now in progress. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 


CXLII.—A New Synthesis of a-Ethyltricarballylic Acid. 


By Hoorrr Ausert Dickinson JoweErT. 


In the preceding paper, it was shown that by the fusion of homo- 
pilopie acid with potassium hydroxide an acid of the formula C,H,,0, 
was formed and that the properties of this acid corresponded with 
those of a-ethyltricarballylic acid. As, however, two different melting 
points have been assigned to this acid and as no derivatives have been 
described other than the silver salt, it was necessary to prepare the 
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substance and to examine it more fully, so as to be able to identify 
completely the acid formed from homopilopic acid with the synthetical 
compound. 

a-Ethyltricarballylic acid was first prepared by Auwers (Ber., 1891, 
94, 307, 2897) by the condensation of ethyl ethylsodiomalonate with 
ethyl fumarate and subsequent hydrolysis. The acid, after recrystal- 
sation, melted at 147—-148° and was readily soluble in water, but only 
moderately so in ether ; on evaporation, the ethereal solution left an 
oil which became crystalline. The substance was prepared more 
recently by Michael (Ber., 1900, 33, 3745) by the same method, but 
he found that after further purification it melted at 155—157°. 

In order to prepare the acid for the purpose of comparison, it was 
deemed advisable to accomplish the synthesis by an entirely different 
method, as this at the same time would afford additional proof of 
the correctness of the constitution of the synthetical acid prepared by 
Auwers. 

Ethyl a-cyano-B-ethylsuccinate was prepared by the general method 
of preparation of the alkyl-substituted succinic acids described by Bone 
and Sprankling (Trans., 1899, '75, 839), by condensing the sodium 
compound of ethyl cyanoacetate with ethyl a-bromobutyrate. 

The sodium compound of ethyl a-cyano-f8-ethylsuccinate was then 


condensed with ethyl bromoacetate with the formation of ethyl 

B-cyano-a-ethyltricarballylate. This stage of the synthesis may be 

presented by the following equation: \\ 

CH,Br-CO,Et + CO,Et-CNa(CN)-CH(C,H,)*CO,Et = 
CO,Et-CH,*C(CN)(CO,Et)-CH(C,H,)-CO,Et + NaBr. 


The ethyl cyanoethyltricarballylate, on hydrolysis, yielded an acid 
from which carbon dioxide was eliminated by heating at 180° with the 
formation of a-ethylcarballylic acid. 

These condensations took place readily, the yield of cyano-esters in 
the first and second stages of the synthesis being 50 and 70 per cent. 
respectively of the calculated amounts. As these cyano-esters have 
not been previously prepared, their boiling points and densities were 
determined. 

a-Ethyltricarballylic acid as thus prepared was found to agree in its 
general properties with those previously recorded, and after recrystal- 
lisation melted at 157° (corr.), thus confirming the figure given by 
Michael. Of its derivatives described later, the calcium salt is very 
characteristic ; it is fairly soluble in cold water, but on warming the 
aqueous solution, the liquid is converted into a solid jelly, which 
liquefies on cooling. This gelatinisation of the calcium salt, coupled 
with the melting point of the acid, affords the best means of identifying 
the substance, 
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EXPERIMENTAL. 
Ethyl a-Cyano-B-ethylsuccinate, CO,Et’CH(CN)-CH(C,H,)-CO,Et, 


This ester was prepared as follows :—-28°5 grams of ethyl cyano. 
acetate were mixed with a solution of 5°75 grams of sodium in 70 grams 
of absolute alcohol, and to the resulting thick paste 48°75 grams of 
ethy] a-bromobutyrate were added. The mixture, which became warn, 
was heated on a water-bath until neutral, which generally required 
2—3 hours; it was then cooled, poured into water, and the oil which 
separated was extracted with ether. The ethereal solution was washed 
with water, dried over calcium chloride, and then distilled. The 
residual oil was fractionated under 20 mm. pressure, when a quantity 
of unchanged ethyl cyanoacetate and ethyl a-bromobutyrate distilled 
below 100°, but the greater portion of the liquid distilled at 160—170°, 
leaving only a very small residue in the flask. On refractionation, the 
portion distilling at 160—170° was collected. Of this a portion boiling 
constantly at 167—168° was set aside for analysis ; it had a density 
d 15°/15° =1:0647. The yield of product boiling at 160—170° under 
20 mm. pressure was 50 per cent. of the theoretical. On analysis: 


0°1338 gave 0°285 CO, and 0:0916 H,O. C=581; H=7°6. 
01512 ,, 94... nitrogen at 24° and 764mm. N=6'8. 
C,,H,,0,N requires C=58:1; H=7'5 ; N=6:2 per cent. 


The correctness of the formula ascribed to the cyano-ester was proved 
by the fact that on hydrolysis the compound furnished ethylsuccinic 
acid melting at 98°, which on analysis yielded the following result: 


0°132 gave 0°2372 CO, and 0°086 H,O. C=49:0; H=7°2. 
C,H,,0, requires C= 49-3 ; H =6°9 per cent. 


The characteristic calcium ethylsuccinate was also prepared. 


Ethyl B-Cyano-a-ethyltricarballylate, 
CO,Et-CH(C,H,)*C(CN)(CO,Et)-CH,°CO,Et. 


This cyano-ester was prepared as follows:—To 6 grams of sodium 
dissolved in 60 grams of absolute alcohol, 45:4 grams of ethyl-a-cyano- 
B-ethylsuccinate were added. The mixture became warm and very 
viscid, but no solid separated ; after cooling, 33:4 grams of ethyl bromo- 
acetate were added, when areaction at once took place with evolution 
of heat and separation of sodium bromide. The mixture was heated 
for half-an-hour on a water-bath, cooled, and then poured into water, 
The oil which separated was extracted with ether, the ethereal solution 
washed with water, dried with calcium chloride, and distilled. The 
residual oil was carefully fractionated under 20 mm. pressure. Scarcely 
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any liquid distilled below 195°, the greater portion came over between 
195° and 215°, leaving a small residue in the flask. On refractionation, 
the portion distilling at 205—208° under 17—21 mm. pressure was 
collected, the greater portion, boiling constantly at 208° under 21 mm. 
pressure, being put aside for analysis and for the determination of its 
density. The yield of refractionated product was 70 per cent. of the 
theoretical. On analysis : 


0:1716 gave 0°3602 CO, and 0°1144 H,O. C=57°3; H=7°4. 
01756 ,, 7:5 cc. nitrogen at 24° and 764mm. N=4'7. 
C,;H,,0,N requires C=57°5 ; H=7:3; N=4°5 per cent. 


The density at 16° compared with water at 16° was 10972. 


a-Ethyltricarballylic Acid, CO,H-CH(C,H,)*CH(CO,H):CH,*CO,H. 


This acid was obtained from the ethyl cyanoethyltricarballylate in 
the following manner, The ester was first boiled with five times its 
weight of 40 per cent. aqueous sulphuric acid in a reflux apparatus 
until all the oily drops had disappeared, which generally required a 
period of 24—48 hours. The acid liquid was then saturated with 
ammonium sulphate and extracted with ether six times. The ethereal 
extract was distilled to a convenient bulk and extracted with dilute 
sodium carbonate solution. This was acidified with sulphuric acid, 
saturated with ammonium sulphate, and extracted with ether. The 
ethereal solution was washed with water, dried with calcium chloride, 
distilled to a low bulk, and then poured into ten times its volume of 
benzene. On standing, crystals separated which were filtered off ; these, 
when dried, melted at 117° with effervescence. The acid was then 
heated in a small flask in a paraffin bath at 180° until all evolution of 
gas had ceased. After cooling, the mass was dissolved in a little hot 
water, boiled with animal charcoal, and filtered. On standing and 
stirring with a glass rod, the solution became pasty. The crystals 
were drained on a porous tile and recrystallised from a little water 
until of constant melting point; thus purified, they melted at 
156—157° (corr.). The pure acid required about 20 times its weight 
of ether to dissolve it, but on evaporating this solution at the ordinary 
temperature, no crystals separated until all the ether had evaporated, 
when an oil was left which gradually became solid. On analysis: 


01974 gave 0°341 CO, and 0:106 H,O. C=471; H=6°0. 
0198 0342 CO, ,, 0°1064 H,O. C=47:1; H=6°0. 
C,H,,0, requires C= 47:1 ; H=5°9 per cent, 


39 


The anhydro-acid was prepared by adding the acid to three times its 
weight of acetyl chloride and boiling for 2 hours in a reflux apparatus. 
The acid slowly dissolved and the excess of acetyl chloride was removed 
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by evaporation on the water-bath and subsequent standing in a vacuous 
desiccator over solid potassium hydroxide. In this way, a hard, sticky 
varnish was obtained, which could not be crystallised. On analysis; 


0°2218 gave 0°4146 CO, and 0:1108 H,O. C=51:0; H=5'5, 
O,H,,0,; requires C=51°6 ; H=5-4 per cent. 


The anhydro-acid dissolved in benzene ; on the addition of aniline 
to the solution, heat was developed, the liquid immediately became 
cloudy, and an amorphous precipitate separated which, however, could 
not be obtained crystalline. 

The bariwm salt was prepared by digesting an aqueous solution of 
the acid with excess of barium carbonate until neutral, and filtering. 
On warming the filtrate, crystals appeared which, however, redis- 
solved on cooling. The filtrate was evaporated to a small bulk, 
filtered while hot, and the crystals dried, first on a porous tile and 
finally between blotting paper. Analysis showed that the air-dried 
crystals contained 7 mols. of water of crystallisation, of which six are 
removed by heating at 180°: 


0°3156 at 180° lost 0°036 H,O and gave 0°234 BaSO,, H,O=114; 
Ba = 43°6, 
0°1716 gave on combustion 0°0526 H,O. H=3°4. 
(C,H,0,).Ba,,7H,O requires HO=13°4 ; Ba=43°8 ; H=3°4 per cent. 


The calcium salt was prepared by digesting an aqueous solution of 
the acid with excess of calcium carbonate andfiltering. The filtrate 
had the remarkable property of becoming a firm jelly when heated to 
100°, and liquefying on cooling. The liquid was evaporated to a small 
bulk in a vacuum and the calcium salt precipitated with alcohol in a 
microcrystalline form. On analysis : 


0°1886 at 150° lost 0-044 H,O and on ignition gave 0-0454 CaO. 
H,O = 23°3 ; Ca=17°2. 
(C,H,O,),Ca,,9H,O requires H,O = 23°7 ; Ca=17°5 per cent. 


The copper salt, prepared by adding copper acetate solution to an 
aqueous solution of the ammonium salt of the acid and boiling, was a 
greenish-blue, flocculent precipitate. On analysis: 


0°1972 at 150° lost 0°0272 H,O and on ignition gave 0:0696 CuO. 
H,O=13°8; Cu=28°2. 
(C,H,O,),Cu,,5H,O requires H,O =13°2 ; Cu= 28-0 per cent. 


The triethyl ester, prepared in the usual manner by the action of 
sulphuric acid and ethyl alcohol on the acid, was a limpid, colourless 
liquid boiling at 170—175° under 16 mm. pressure. Qn analysis, it 
furnished the following results ; 
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0'2136 gave 0457 CO, and 0°1574 H,O. C=583; H=8'2. 
C,,H,,0, requires C=58°3 ; H =8°3 per cent. 


An attempt to prepare the amide by mixing the ester with excess of 
strong ammonia was unsuccessful, 


Addendum,—Since this paper was in type the author has received a 
communication from Dr. Bone pointing out the following passage in a 
paper, “ Researches on the Alkyl Substituted Succinie Acids,” by Bone 
and Sprankling (Trans,, 1899, '75, 864): “ Finally, we are studying 
the interaction of the sodium derivative of ethylic cyanosuccinates and 
the ethylic salts of a-bromo-fatty acids.” 

As the purpose for which reference was made to the paper in ques- 
tion only necessitated the reading of that portion of it relating to the 
detaus of preparation of the analogous ethyl cyanomethylsuccinate, 
the concluding paragraph containing the passage referred to most 
unfortunately escaped my attention. 

The necessity for the preparation of a-ethyltricarballylic acid and 
certain of its derivatives was due to the great importance of identify- 
ing beyond question the acid formed by the fusion of homopilopic 
acid with potassium hydroxide. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES. 


CXLII.—Benzoylation of Fatty Acids in the Presence 
of Ammonia. Formation of Amides. 


By K. J. P. Orton. 


Ir was recently shown (Orton and Garrod, J. Physiol., 1901, 27, 89) 
that p-dibenzoxyphenylacetamide was formed in the benzoylation, by 
the Schotten-Baumann method, of an abnormal urine, the so-called 
“alcapton-urine,” which contains p-dihydroxyphenylacetic acid (homo- 
gentisic acid), and it was further demonstrated that the production of 
this amide depended on the presence of ammonia in the urine. 

Investigation has proved that many acids under similar condi- 
tions yield an amide. Thus, from stearic, phenylacetic, p-nitro- 
phenylacetic, and cinnamic acids, amides are formed, whilst 
p-aminophenylacetic, p-hydroxyphenylacetic, and mandelic acids are 
both benzoylated and converted into amides. Tyrosine yields di- 
benzoyltyrosinamide. Aromatic acids, for example, benzoic and 
toluic acids, do not yield amides. If, instead of ammonia, an 
aqueous solution of methylamine is used, the corresponding methy]- 
amides are obtained, 


i 
4 
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The benzoylation was carried out in the following way. To a dilute 
ammoniacal solution of the acid (1 part) is added excess of benzoyl 
chloride (2—3 parts) ; a 10 per cent. solution of sodium hydroxide ig 
introduced in successive portions, and the mixture well shaken until the 
smell of benzoyl chloride is no longer perceptible. As the benzoyl 
chloride disappears, a solid separates, which is a mixture of benzamide 
and the amide of the acid. The quantity of the former is but small, 
when only sufficient ammonia to dissolve the acid has been used; 
excess of ammonia increases the proportion of benzamide. 

The yield of amide (or methylamide) is generally small and does 
not exceed 25 per cent. of the calculated amount except in one or two 
cases. 

If the acid and benzoyl chloride are heated together for 2 or 3 
hours at 100—120° and the mixture then treated with a solution of 
sodium hydroxide and ammonia (or methylamine), the yield is much 
increased, and frequently amounts to 75 per cent. of the acid used. 

One or two explanations of the above reaction suggest themselves, 
It may be supposed that an anhydride is first formed, either a com- 
pound anhydride of benzoic acid and the fatty acid, or a simple 
anhydride of the fatty acid ; thus: 


(,H,COCl + R-CO-OH = C,H,*C0-0-CO-R + HCI or 


2R-CO-OH + O,H,-COC] = (R-CO),0 + C,H,*CO-OH + HCl, 


On the other hand, the benzoyl chloride may interact with the acid, 
forming benzoic acid and the chloride of the acid, thus: 


C,H,-COC] + R-CO-OH = C,H,°CO-OH + R-COCL. 


Bauer (Inaug. Dissert. Tiibingen, 1901) records the fact that benzoic 
anhydride is formed when benzoyl chloride is shaken with a solntion 
of sodium hydrogen carbonate. Ina patent of Knoll & Co. (D.R.P. 
117267), the production of compound anhydrides from acid chlorides 
and acids in the presence of alkali carbonates is mentioned. Further, 
according to Bébal (Compt. rend., 1899, 129, 681), acetic benzoic 
anhydride yields acetamide and benzoic acid with ammonia. From 
these facts, it seems probable that a compound anhydride of benzoic 
and the fatty acid (or possibly a simple anhydride of the fatty acid) is 
formed when the acid is treated with benzoyl chloride in presence of 
sodium hydroxide, and that this anhydride reacts with ammonia, pro- 
ducing benzoic acid and the amide of the fatty acid. 

When the fatty acid is heated with benzoyl chloride, the chloride 
of the fatty acid may be formed, and in support of this view, Pol- 
zenius (Chem. Zeit., 1896, 20, 46) has observed that benzoyl chloride 
and acetic acid at 110° yield benzoic acid and acetyl chloride. With 
pbenylacetic and mandelic acids, at least, this does not appear # 
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be the case. Molecular proportions of .phenylacetic acid and benzoyl 
chloride (19 grams of each) were heated together for about 2 hours 
at 120° and for a short time at 150°. As soon as the hydrogen 
chloride, which was at first rapidly evolved, ceased to be given off, 
the mixture was distilled under 28 mm. pressure in order to 
isolate phenylacetyl chloride (b. p. 102°5° under 17 mm.) ; 2°5 grams 
of an oil passed over at 110—140°, and appeared to be chiefly 
benzoyl chloride and to contain little, if any, phenylacetyl chloride.* 
The residue in the flask, which was nearly free from acid chloride, 
did not solidify on cooling and could not be crystallised from 
any solvent. After 2 or 3 days, crystals of benzoic acid began 
to separate. When the oil is boiled with water, benzoic and phenyl- 
acetic acids are formed. With ammonia, the oil reacted with develop- 
ment of heat and immediately solidified. The solid was nearly pure 
phenylacetamide (m. p. 152°), and on acidifying the ammoniacal 
mother liquor, benzoic acid separated. Aniline similarly yielded 
phenylacetanilide (m. p. 117°) and benzoic acid ; no trace of benz- 
anilide was discovered. 

From this experiment, it would seem probable that an unstable 
compound anhydride is also the main product when the acid chloride 
and acid are heated together. 

Further experiments on the preparation and reactions of these 
compound anhydrides are in progress. 

p-Vitrophenylacetmethylamide, NO,*C,H,*CH,°CO*-NH:CH,.—p-Ni- 
trophenylacetic acid (1 gram) was heated with benzoyl chloride 
(2 grams) on the water-bath for 2 hours, A little water was poured 
on the oil, and 3 c.c. of a 33 per cent. aqueous solution of methylamine 
added. The mixture was then shaken with a 10 per cent. aqueous 
solution of sodium hydroxide, introduced in successive portions, until 
the odour of benzoyl chloride had disappeared. The solid remaining 
was collected, washed with water, and recrystallised from boiling 
water. The methylamide crystallises in long, silky, colourless needles 
melting at 159°, and is very soluble in all solvents, except water and 
petroleum. It is slowly hydrolysed by boiling aqueous sodium hydr- 
oxide, but rapidly by an alcoholic solution, with evolution of methyl- 
amine, 


0:1472 gave 19 c.c. moist nitrogen at 23° and 765mm. N=14'51. 
C,H,,0,N, requires N = 14°43 per cent. 
p-Benzoylaminophenylacetamide, C,H,*CO*-NH: ,H,*CH,*CO-NH,. 
—This amide is readily formed when p-aminophenylacetic acid is 
benzoylated by the Schotten-Baumann method in the presence of 
ammonia. Two grams of the acid were dissolved in 20 c.c. of 10 per 


* The boiling points of these acid chlorides lie very near together. 
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cent, ammonia ; to the solution was added excess of benzoyl chloride 
(5 c.¢.), and the mixture then shaken with sodium hydroxide. The 
solid was collected, washed with water, and recrystallised from alcohol, 
The amide crystallises in small plates melting at 248°, and only slightly 
soluble in all solvents. One gram of the pure amide was obtained ; 
the yield is not increased when the acid and benzoyl chloride are 
heated before treatment with ammonia and sodium hydroxide. 


0°1048 gave 02716 CO, and 00533 H,O. C=70°68 ; H=5-65. 
01103 ,, 10°8c.c. moist nitrogen at 20°and 771 mm. N=11°30, 
C,,H,,0,N, requires C= 70°86 ; H=5-51 ; N=11°02 per cent. 


On hydrolysing the amide with alkalis or acids, p-aminophenylacetic 
and benzoic acids were always formed. 

p-Benzoylaminophenylacetic Acid, CsH,-CO-NH-C,H,°CH,'CO,H, 
is formed when p-aminophenylacetic acid is benzoylated by the 
Schotten-Baumann method. The clear alkaline solution, obtained 
when all the benzoyl chloride has disappeared, was acidified with 
acetic acid. The solid which separated was dissolved in alcohol, and 
crystallised therefrom in tufts of needles melting at 205—206°. 


0°1424 gave 7°1 c.c. moist nitrogen at 19° and 767 mm. N=5°78. 
C,;,H,,0,N requires N =5°48 per cent. 


p-Benzoxyphenylacetamide, O,H,*CO-O-C,H,*CH,*CO-NH,, is best 
prepared by heating p-hydroxyphenylacetic acid and benzoyl chloride 
before treatment with ammonia and sodium hydroxide. The solid was 
washed with ether and then recrystallised three or four times from 
alcohol, in which it is only slightly soluble. It forms microscopic 
crystals which melt at 167—169°. 


0°1808 gave 8°1 c.c. moist nitrogen at 16° and 763mm, N=5:34. 
C,;H,,0,N requires N = 5-48 per cent. 


Sufficient material for the preparation of p-benzoxyphenylacetic acid 
was not available. 

Benzoylmandelamide (phenylbenzoylglycollamide), 

C,H,*CH(O-CO-C,H,)-CO-NH,, 

is easily prepared from the calculated amount of mandelic acid and 
to the extent of about 75 per cent. when the acid and benzoy] chloride 
are heated together at 120°, before the addition of ammonia and sodium 
hydroxide. After the benzoyl chloride has disappeared, a sticky semi- 
solid mass remains, which after washing with ether becomes a white, 
crystalline solid. On recrystallisation from water or dilute alcohol, 
the amide is obtained pure in tufts of silky needles melting at 162°, 
and readily soluble in alcohol, chloroform, or benzene, but only slightly 
so in petroleum, cold water, or ether. 
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01996 gave 10 c.c. moist nitrogen at 21°and 765 mm. N=5°71. 
C,,H,,0,N requires N = 5-48 per cent. 


Benzoylmandelmethylamide, C,H,*CH(O*CO-C,H,)-CO-NH‘CH,, is 
prepared and purified exactly as the amide, methylamine replacing 
ammonia. It ecrystallises from dilute alcohol or water in tufts of 
needles melting at 139°. 


01970 gave 9°4 c.c. moist nitrogen at 18° and 760 mm. N=5-48, 
C,,H,,0,N requires N = 5:2 per cent, 


All attempts to obtain benzoylmandelic acid from the amide failed. 
Aqueous hydrochloric acid attacks it very slowly, whilst the alcoholic 
acid converts it rapidly into ethyl benzoate and mandelate. Seventy- 
five per cent. nitric acid containing nitrous acid—the reagent which 
so satisfactorily converted dibenzoxyphenylacetamide into dibenzoxy- 
phenylacetic acid (loc. cit.)—produces only benzoic acid. Alkalis 
bring about complete hydrolysis. Mandelic acid could not be 
benzoylated by the Schotten-Baumann method with sodium hydroxide 
or sodium hydrogen carbonate, or by use of pyridine in the manner 
recommended by Einhorn and Hollandt (Annalen, 1898, 301, 95). 
On heating mandelic acid with benzoyl chloride at 110°, an oil is ob- 
tained which decomposes with water or alkalis, but with ammonia 
gives benhtoylmandelamide. 

Cinnamic Methylamide, 0,H,-CH:CH:CO-NH°CH,, is obtained, in 
the manner previously described, as a pasty mass, which solidifies on 
cooling with ice. It crystallises from hot water in plates melting 
at 111°, and is very soluble in all solvents, except water and 
petroleum. 


0'1856 gave 14°9 c.c. moist nitrogen at 25° and 764mm. N=8°9. 
C,,H,,ON requires N =8°7 per cent. 


Dibromocinnamic Methylamide, C,H,*CHBr*CHBr*CO*NH°CH,.— 
To a solution of cinnamic methylamide (1 mol.) in chloroform, a 
solution of bromine (1 mol.) in the same solvent was slowly added. 
The colour of the bromine rapidly disappeared and crystals separated ; 
these were dissolved in alcohol, from which they crystallised in lustrous, 
colourless prisms, On heating, the dibromo-compound becomes coloured 
at 200°, and melts and decomposes at 214°. 


01456 gave 01700 AgBr. Br= 49-67. 
C,)H,,ONBr, requires Br = 49°84 per cent. 
Dibenzoyltyrosinamide, 
C,H,*CO*0°0,H,*CH,*CH(NH°CO’C,H,)*CO*NH,. 
~-One gram of tyrosine was dissolved in 10 c.c. of a 10 per cent. solu- 
tion of ammonia and 2 c.c. of benzoyl chloride were added. After 
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shaking with caustic soda until the benzoyl chloride had disappeared, the 
solid was filtered and washed with water and then with ether. The 
amide crystallises from dilute alcohol in nests of small, lustrous needles 
melting at 246°, and is moderately soluble in alcohol or, chloroform. 
It is decomposed only slowly with evolution of ammonia by boiling 
concentrated alkali hydroxides ; in the presence of alcohol, the action 
is more rapid and tyrosine and benzoic acid are formed besides 
ammonia. 


0°107 gave 0°278 CO, and 0:0445 H,O. C=70°86 ; H=4°62. 
0:0962 ,, 6-0 c.c. moist nitrogen at 20°5° and 754 mm. N=7'3. 
C,,H,,O,N, requires C=71:1 ; H=5°1 ; N=7°2 per cent. 

Stearamide, C,,H,,*CO*NH,, was first prepared by Carlet (Jahresber., 
1859, 367) from ethy! stearate and ammonia. It can be very easily 
obtained by heating stearic acid and benzoyl chloride at 110—120° 
and subsequently treating the mixture with ammonia and sodium 
hydroxide. From chloroform, it crystallises in nests of needles melting 
at 106—107°. ~ 


This reaction has been tried with many other acids. Dicarboxylic 
aliphatic acids appear not to yield an amide, or at least only in very 
small quantities. From sulphonic acids, derivatives are obtained, but 
so far only in small amount. 


St. BARTHOLOMEW’s HosPITAL AND COLLEGE, E.C. 


OXLIV.—Liquid Nitrogen Peroxide as a Solvent. 


By Percy Farapay Frankuanp, Ph.D., F.R.S:, and Robert CrosBIE 
Farmer, M.Sc. (Vict.), Ph.D. 


THE object of the following investigation was to ascertain more 
accurately than has hitherto been attempted the properties of lique- 
fied nitrogen peroxide as a solvent; in particular to determine to 
what extent organic compounds can be dissolved in it without de- 
composition and in the cases where they are attacked to ascertain 
the nature of the reaction. 

The question presented itself, whether substances dissolved in lique- 
fied nitrogen peroxide exist in the normal state of molecular aggregation 
or whether they undergo electrolytic dissociation on the one hand, or 
associate themselves to complex molecules on the other. ; 

Nitrogen peroxide is a comparatively easily liquefiable gas. As it 
boils at 21°, it can be readily condensed in an ordinary freezing 
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mixture. It can therefore be easily purified by redistillation and can 
be boiled for many hours in an ebullioscopic apparatus without any 
serious loss, if the vapour be condensed by means of a freezing mixture, 

Its reactions and properties can be examined with ease at a temper- 
ature a little below 0°, and the pure solvent may be recovered from 
its solutions by distillation. 

The chief difficulty met with in working with this solvent was the 
extreme rapidity with which it attacks india-rubber and cork. This 
rendered it necessary to use glass connections in almost all cases, 
since rubber and cork were destroyed in a very short time, even 
when protected as well as possible by a coat of vaseline or paraffin 
wax. In some cases, connections could be made with asbestos paper 
coated with vaseline. 

A review of the literature on the subject of liquid nitrogen peroxide 
reveals very little work on the solvent powers of this substance. The 
chemical activity of nitric acid, when brought in contact with organic 
compounds, seems to have led to the belief that nitrogen peroxide 
would be still more active, and that very few organic compounds 
would be able to withstand its action. Thus Ramsay (Trans., 1890, 
57, 592),inhis work on the depression of the freezing point of nitrogen 
peroxide by dissolved substances, mentions chloroform and chloro- 
benzene as being “among the few available and unobjectionable 
substances which are not acted on by nitrogen peroxide.” 

We have, therefore, been somewhat surprised to find that liquid 
nitrogen peroxide is not only a remarkably good solvent for most 
organic compounds, but also a comparatively inert substance in the 
pure anhydrous condition. 

It is probable that many previous workers have made their 
observations with slightly impure nitrogen peroxide, and this would 
account for their statements to the effect that it attacks most 
organic compounds, for it has also been our experience that although 
the pure nitrogen peroxide is comparatively inert, yet the slightly 
impure product, that is, a product which has not been completely 
dehydrated or which contains traces of lower oxides, is much more 
active and frequently attacks compounds which are unaffected by the 
pure peroxide ; thus cane sugar was soluble without decomposition 
in the pure solvent but was very quickly attacked when the nitrogen 
peroxide contained traces of water. 

In its general behaviour, liquid nitrogen peroxide shows a con 
siderable resemblance to the common organic solvents. Inorganic 
salts were found to be quite insoluble in it, whereas most organic 
compounds dissolved with at least the same ease as in ether. As 
will be seen later, many of these were unacted on, although in some 
cases nitration, oxidation, &c., set in. 

VOL. LXXIX. 5A 
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It was thus possible, in the case of many organic compounds, to 
examine the solutions as regards electric conductivity, and further to 
determine the molecular weights of a number of compounds by the 
rise of boiling point. 

The electric conductivity of the solutions was measured in order to 
ascertain whether ionic dissociation occurs to any appreciable extent 
when substances are dissolved in nitrogen peroxide. Recent researches 
have shown that a number of hitherto unsuspected liquids act as 
“ionising solvents.” In particular, the interesting researches of 
Walden on liquefied sulphur dioxide (Ber., 1899, 32, 2862), and of 
Franklin and Kraus on liquefied ammonia (Amer. Chem. J., 1899, 
23, 277 ; 1900, 24, 83) have shown that these liquids dissociate dis- 
solved substances to a considerable extent. Many other cases of 
ionising solvents have also come to light in recent years (compare Amer, 
Chem..J., 1901, 25, 232). 

The probability that liquefied nitrogen peroxide would also prove to 
be an ionising solvent formed the original inducement to the following 
investigation, and the fact that Bouty (Compt. rend., 1888, 106, 595) 
found solutions in pure nitric acid to be good conductors of electricity 
seemed to justify this expectation. When it was found, however, that 
liquid nitrogen peroxide did not dissolve inorganic salts, whereas it 
readily dissolved indifferent organic compounds, it seemed more 
probable that it resembled such organic solvents as benzene in its 
behaviour. This has been borne out by experiment. 

The electric conductivity of nitrogen peroxide itself has already 
been measured by Boguski (Zeit. physikal. Chem. 1890, 5, 69), who 
found that the pure peroxide is a non-conductor, but that when a little 
water is added the electric conductivity increases enormously. No 
experiments appear to have been made with solutions in liquid nitrogen 
peroxide. We find the solutions in the liquid nitrogen peroxide to be 
to all intents and purposes absolute non-conductors. The dissolved sub- 
stances do not, therefore, exist to any appreciable extent in the ionised 
state. On the contrary, as will be shown, many compounds are ass0- 
ciated to complex molecules when dissolved in this liquid. 

The experiments were all carried out with acids, bases being attacked 
immediately and salts being insoluble. In every case, it was found that 
the solutions conducted just as little as the pure solvent. It may 
therefore be safely concluded that liquid nitrogen peroxide is not an 
ionising solvent. 

In order to examine the state of molecular aggregation of substances 
dissolved in this liquid more fully, we have made a number of molecular 
weight determinations by observing the influence on the boiling point 
of the substances dissolved. The constant was first ascertained by 
means of a series of experiments in which solutions of indifferent 
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organic compounds were employed. Various acids were then examined 
and in many cases these were found to be associated to double molecules. 
Nitrogen peroxide therefore resembles benzene and some other organic 
liquids in its power of associating many dissolved hydroxy-compounds, 
This is, we believe, the first case in which an inorganic solvent has 
been found to bring about an association of dissolved substances. 


EXPERIMENTAL. 


For the preparation of liquid nitrogen peroxide, the method described 
by Cundall (Trans., 1891, 59, 1077) was found to be the most satis- 
factory. The method of heating dry lead nitrate was at first employed, 
as it gives a very pure product. The yield is, however, only moderately 
satisfactory, and moreover, the tube in which the lead nitrate is heated 
occasionally becomes stopped up and necessitates breaking off the 
experiment, , 

The method described by Cundall, in which arsenic trioxide is heated 
with a mixture of sulphuric acid and fuming nitric acid, gives a product 
containing lower oxides of nitrogen ; these can, however, be completely 
oxidised to the peroxide by prolonged treatment with a current of 
oxygen. 

Some care must be taken during the early part of the reaction, 
as it is liable to become too violent. The arsenic trioxide should 
be used in lumps of moderate and uniform size and should not 
contain any fine powder. The heating must be conducted very 
slowly and carefully and it is advisable to have a basin of ice- 
water at hand, as it is occasionally necessary to cool down the 
flask in order to check the violence of the reaction. 

The reaction proceeds in two stages, which are fairly sharply 
defined. In the first of these, practically all the nitrous fumes are 
absorbed by the sulphuric acid and very little nitrogen peroxide, 
if any, collects in the receiver. This stage of the reaction proceeds 
at a fairly low temperature and requires considerable attention, as 
it easily becomes too violent. In the second stage, a higher tem- 
perature is employed, in order to break up the nitrososulphuric 
acid with the formation of nitrogen peroxide. This heating may 
be commenced as soon as the mixture in the flask ceases to evince a ten- 
dency to react too violently when warmed. The reaction is endo- 
thermic and no more danger is to be feared of the reaction becoming 
uncontrollable. A copious stream of nitrogen peroxide is evolved. 
This is first passed through a short reflux condenser cooled by 
water and then through a glass worm cooled to about -10°, and 
condenses with practically no loss, even though the distillation be 
carried on very quickly. After a time, the evolution of nitrogen 
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peroxide nearly ceases and it is best to break off the experiment 
at this point. If the heating be continued, a third stage sets in 
and nitric oxide is evolved. If this be passed into the receiver, 
it reduces part of the nitrogen peroxide already collected, forming 
a green solution. 

The distillate is dehydrated by the addition of phosphoric oxide 
and further purified by the prolonged action of a current of dry 
oxygen at a low temperature. The purified liquid, which must be 
perfectly free from all tinge of green, is then redistilled and kept 
in stoppered bottles containing phosphoric oxide. 


I. Nitrogen Peroxide as a Solvent. 


In order to examine the solvent powers of liquefied nitrogen per- 
oxide on various substances, a few grams of the peroxide were brought 
into a carefully-dried tube and cooled in a freezing mixture. The 
substance to be examined was then gradually introduced in a fine, 
dry powder and its behaviour noted. If it dissolved, so much was 
added that a nearly saturated solution was formed and the clear 
liquid was then evaporated down, the nitrogen peroxide being re- 
covered by means of a spiral condenser in a freezing mixture. The 
last traces of the peroxide were removed as completely as possible 
by exhausting the tube, and warming itat the same time. The residue 
was then examined as regards melting point and other properties, 
in order to ascertain whether any reaction had occurred. 

Various other methods were employed in order to detect traces 
of reaction which might be overlooked in exa.nining the residue 
obtained by evaporation. In general, any decomposition which an 
organic compound undergoes shows itself by a green colour which 
the nitrogen peroxide assumes. In the case of simple oxidations, 
this is due to the formation of the trioxide by the reduction of 
the peroxide. In cases where a hydrogen atom is displaced, the 
water formed also acts on the nitrogen peroxide to form a bright 
green liquid. The formation of this green tinge is therefore a sen- 
sitive indication that a reaction has taken place. 

In the cases in which water is set free, a more delicate indication 
is given by the electric conductivity. As already mentioned, the 
smallest trace of water causes the conductivity to rise enormously. 

A third, and also very sensitive, method was to ascertain whether 
the boiling point of the liquid rose in accordance with Raoult’s law. 
If no decomposition occurred, the normal rise of boiling point was 
observed. If, however, any decomposition took place, the boiling 
point fell instead of rising owing to the formation of lower oxides 
in the solution. 
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It is well known that most of the metals are quickly attacked by 
nitrogen peroxide. Of the non-metals, chlorine is soluble to some 
extent, bromine is miscible in all proportions, forming a brown solution, 
whilst iodine dissolves with extreme ease, forming a purple-brown 
solution. Sulphur, on the other hand, is only slightly soluble. No 
reaction takes place between these elements and nitrogen peroxide. 


Inorganic Compounds. 


(i) Salts.—No case was found in which an inorganic salt was 
soluble in nitrogen peroxide. In most of the cases examined, the 
salts were found to be unacted on by treatment with this reagent. 
Here again, however, the inertness depends on the complete purity of 
the peroxide. It was found, for instance, that chlorides were attacked 
moderately quickly by nitrogen peroxide which had not been 
completely dehydrated, with evolution of chlorine, but that when pure 
peroxide was used, no action took place. The general behaviour of 
liquid nitrogen peroxide towards inorganic salts will be seen by the 
following results. 

Potassium nitrate, sulphate, and chlorate, sodium nitrite, mercuric 
nitrate, and hydrazine sulphate were neither dissolved nor attacked by 
the liquid peroxide. Of the halogen compounds, the fluorides and chlorides 
were unaffected by the pure anhydrous liquid. Potassium chloride was 
quickly attacked in presence of traces of moisture, with evolution of 
chlorine, which partly escaped and partly remained dissolved in the 
liquid peroxide. Potassium bromide and iodide were both attacked, 
even by the pure anhydrous liquid ; the halogen set free remained in 
solution. Ferric chloride was examined, as it is well known to be 
somewhat soluble in ether. When dried with great care, the ferric 
chloride remained unaffected by the liquid, but in presence of traces 
of moisture it was quickly attacked and the solution was found 
afterwards to contain traces of iron. 

The iron compounds of the diketones were also examined on account 
of the interest which they possess as being pseudo-salts, non-ionised 
in aqueous solution and dissolving easily in indifferent organic solvents. 
The deep-red iron compounds of acetonylacetone, Fe(C,H,O,),, and 
benzoylacetone, Fe(C,,)H,O,),, were employed, but were both immediately 
attacked and no iron was found in the solution. 

Mercurie cyanide was tried as being a further example of a pseudo- 
salt, but remained entirely unaffected. 

It may be stated in general that inorganic salts are undissolved 
and in the majority of cases unattacked by liquid nitrogen peroxide. 

- (ii) Inorganie Acids.—Aqueous hydrochloric acid has been long 
known to react with nitrogen peroxide, forming mitric acid and aqua 
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regia. The behaviour of dry hydrogen chloride does not appear to 
have been examined. We find it to be entirely without action, as was 
shown by the fact that the solution showed no green tinge and 
possessed no measurable electric conductivity. 

Sulphuric acid remained at first unaffected. Gradually, however, it 
combined with the peroxide to form a solid mass of ‘ chamber crystals’ 
with evolution of heat. 

Phosphoric acid was found to absorb some nitrogen peroxide. The 
resulting compound was insoluble in nitrogen peroxide, but could not 
be induced to crystallise, and its composition is therefore at present 
unknown. It appears, however, to be a nitrosophosphoric acid, as it 
reacts with water in exactly the same way as nitrososulphuric acid, with 
evolution of nitrous fumes. 

Boric and iodic acids were unattacked and undissolved by nitrogen 
peroxide. 


Organic Compounds. 


As inorganic salts were found to be insoluble in liquid nitrogen 
peroxide, its effect on organic compounds was next examined. It was 
at first thought that almost all organic compounds would be immeédi- 
ately acted on when brought together with the liquid, and considerable 


precautions were taken when introducing the substances. 

The liquid was, however, soon found to be surprisingly inert. A great 
many organic substances can be introduced into it with impunity and 
it is only in exceptional cases that it reacts with such violence as to 
render the experiments in any way difficult to carry out. As was to 
be expected, the presence of small quantities of water increased the 
chemical activity of the peroxide greatly. Many of: the following 
substances which were unattacked by the pure peroxide were decom- 
posed by treatment with a product containing traces of water. 

As a solvent, nitrogen peroxide takes up most organic compounds 
with considerable ease. In some cases, the compounds were so easily 
soluble that they only crystallised out when almost all the nitrogen 
peroxide had been removed by evaporation. As a general rule, the 
substances which dissolved easily in nitrogen peroxide were also soluble 
in ether, although a few exceptions to this rule were noted, liquid nitrogen 
peroxide being usually the more powerful solvent of the two. Thus 
cane sugar and tartaric acid, although insoluble in ether, were both soluble 
in nitrogen peroxide .ad were unattacked by the pure solvent. As 4 
general rule, the saturated hydrocarbons, their halogen and nitro 
derivatives and the carboxylic acids, as also ketones and quinones 
were stable towards this reagent, whilst the hydroxy- and amine 
compounds were quickly attacked. In the case of the aromatic hydroxy 
compounds which were attacked, the nitrogen peroxide brought about 
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a nitration, aniline derivatives were diazotised, and in some other cases 
simple oxidation took place. The following results will show the 
general behaviour of nitrogen peroxide towards organic compounds :— 

(i) Hydrocarbons.—The unsaturated hydrocarbons have already been 
shown by Guthrie (Annalen, 1860, 116, 248) and others to take up 
nitrogen peroxide. Thus amylene forms the so-called nitrosate, 
NO,°0O°C;H,-N-OH. Benzene and toluene are both miscible with 
nitrogen peroxide and are unacted on by it. Naphthalene could not be 
dissolved unchanged ; it was quickly attacked and gave rise to 1:5- 
dinitronaphthalene (m. p. 211°), which is also formed by the nitra- 
tion of naphthalene with nitric acid. Anthracene was oxidised to 
anthraquinone, which could be easily sublimed in yellow needles 
melting at 273°. Pure paraffin wax, consisting of higher aliphatic 
hydrocarbons, appears to be unchanged by nitrogen peroxide; it 
could be recovered unchanged after remaining for several days in 
contact with the liquid. Most specimens, however, disintegrated quickly 
in contact with the liquid, probably owing to reactions between the 
peroxide and the impurities in the paraffin. ~ 

(ii) Witro-derivatives are generally very stable towards nitrogen 
peroxide. Witrobenzene, m-dinitrobenzene, p-nitrotoluene, and 1 : 5-di- 
nitronaphthalene were all easily soluble in it. The normal rise of boiling 
point of their solutions showed that no reaction had taken place. 
They were also recovered by evaporation and identified. Other nitro- 
derivatives are mentioned under the heading of carboxylic acids and 
hydroxy-compounds. 

(iii) Halogen derivatives are also very stable. Chloroform and 
chlorobenzene were already known to dissolve unchanged. Besides 
these, we haye found ethylene dibromide, acetylene tetrabromide, and 
benzyl chloride to dissolve in all proportions without reaction. 

(iv) Carboaylic Acids.—Of these, a considerable number have been 
examined and have in almost every case been recovered unchanged 
from the solutions. In most cases, the absence of all reaction was 
confirmed by the electric conductivity and other methods. 

Formic, acetic, monochloracetic, trichloracetic, tribromacetic, tri- 
chlorobutyric, tartaric, and benzoic acids were extremely easily 
soluble. 

o-,m-, and p-Witrobenzoic acids, the three bromobenzoic and toluic 
acids, as also succinic and phthalic acids dissolved only with difficulty. 

In all these cases, the pure substances were recovered by evaporation. 
Slightly impure nitrogen peroxide readily attacks tartaric acid. 
Benzoic acid was also attacked to some extent in presence of moisture, 
forming a trace of m-nitrobenzoic acid. 

(v) Hydrowy-compounds.—Alcohols and phenols were less stable 
towards nitrogen peroxide than the above-mentioned compounds. 
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Ethyl alcohol reacted violently with evolution of heat, forming ethy| 
nitrite. 

Came sugar dissolved fairly easily in nitrogen peroxide. It was not 
decomposed by the pure peroxide, but was quickly attacked in 
presence of traces of moisture. 

Phenol also reacted vigorously with eahaiten of heat. When the 
liquid peroxide was added gradually to phenol, the first products of 
the reaction were o- and p-nitrophenol (compare Armstrong and 
Rossiter, Proc., 1891, '7,92). These were, however, only intermediate 
products, and were completely converted into 2: 4-dinitrophenol by 
excess of the peroxide; no picric acid was formed. o- and p-Nitro- 
phenol were both quickly attacked and the product was in both cases 
the same 2: 4-dinitrophenol. 

2:4-Dinitrophenol was easily soluble in liquid nitrogen peroxide and 
was recovered unchanged ; no picric acid was formed. 

Trinitrophenol (picric acid) was very easily soluble in nitrogen per- 
oxide and was unattacked. 

Salicylic acid dissolved at first, but was quickly attacked, crystals 
separating out. The chief product of the reaction was 5-nitrosalicylic 
acid, but a small quantity of picric acid was also found in the residue. 

5-Nitrosalicylic acid was difficultly soluble and was not attacked. 

(vi) Amines were immediately attacked. It has been long known 
that gaseous nitrogen peroxide acts on aniline, forming diazobenzene 
nitrate (Witt, Zagbl. Naturforscher-Vers., 1879, 194). Liquid nitrogen 
peroxide reacts with explosive violence on aniline, but the reaction 
proceeds more quietly when a dilute solution of nitrogen peroxide in 
carbon disulphide is used, and the diazo-compound separates out. The 
action of the liquid peroxide on substituted anilines is less violent, the 
diazo-compound crystallising out from the solution. In this way, o, 
m-, and pitraniline and fB-naphthylamine were converted into the 
corresponding diazo-compounds. 

Pyridine and quinoline were violently attacked by liquid nitrogen 
peroxide, giving dark coloured products which could not be identified. 

(vii) Quinone was easily soluble and anthraquinone sparingly 
so in the liquid peroxide, and were both unattacked by it. 


Il. Electric Conductivity of Solutions in Liquid Nitrogen 
Peroxide. 


On account of the ease with which nitrogen peroxide can be lique- 
fied, the measurement of the electric conductivity of its solutions 
presented no great (fficulties. A temperature of 0° was sufficiently 
low to prevent any considerable evaporation of the solvent and the 
following experiments were all carried out at this temperature, 
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Measurements of the electrical resistance of pure liquefied nitrogen 
peroxide have already been made by Boguski (/oc. cit.), who sealed up 
liquid nitrogen peroxide in tubes fitted with platinum electrodes and 
then determined the resistance by means of a momentary current and 
a galvanometer. We have confirmed his observation to the effect that 
the conductivity of the pure liquid is exceedingly small, but that a 
trace of water suffices to render it a very good conductor. Thus the 
addition of about 2 per cent. of water gave a solution which conducted 
at least as well as a WV/100 solution of nitric acid. 

Measurements of the electric conductivity of solutions of various 
substances in liquid’ nitrogen peroxide do not appear to have been 
made. The method used in the following experiments was the same 
as that usually applied to the determination of electric conductivity in 
aqueous solution. A Wheatstone bridge with alternating current and 
telephone was used, The electrodes were fixed very close to one 
another, so that very small conductivities could be easily measured. A 
cylindrical glass conductivity vessel of the usual form was used, but it 
was fitted with an asbestos cover, the usual wooden cover being out 
of the question on sccount of the ease with which it is attacked by 
the fumes. A glass stirrer was provided with which to facilitate the 
solution of the compounds. 

In general, the nitrogen peroxide itself showed a slight but measur- 
able conductivity, but this was due to the presence of traces of water. 
When no great precautions were taken to remove all traces of water, 
the liquid generally showed a specific conductivity of 0°1 to 0°2 x 10-6 
units. The quantity of water present was too small to show itself by 
any green tinge in the liquid, but it could be proved that the conduc- 
tivity was to be attributed to this cause by the fact that when a little 
phosphoric oxide was added, the conductivity gradually decreased until 
it became absolutely unmeasurable. We have assured ourselves that, 
with the apparatus used by us, a specific conductivity of 0°02 x 10-6 
could still be detected with certainty. If we compare this with 
the specific conductivity of about 0°65 x 10~°, which is found for water 
which has been purified with great care (Walker and Cormack, Trans., 
1900, ‘77, 5), we see that pure nitrogen peroxide is an almost perfect 
non-conductor of electricity. The following experiments will show 
that its solutions are likewise non-conductors. As above mentioned, — 
the only available compounds for these conductivity measurements 
were acids, all bases being excluded on account of their instability, 
and salts on account of their insolubility, in this solvent. 

A saturated solution of dry hydrogen chloride in liquid nitrogen 
peroxide was first examined, but showed no measurable conductivity. 
The following organic acids were then tested in nitrogen peroxide 
solution: Formic, acetic, monochloracetic, trichloracetic, trichloro- 
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butyric, malonic, succinic, benzoic, o-toluic, m-nitrobenzoic, phthalic, 
and picric acids. 

Fairly concentrated solutions were employed, in most cases about 
1/5 normal. These solutions were found, without exception, to be 
practically absolute non-conductors. It may therefore be safely con- 
cluded that substances dissolved in liquid nitrogen peroxide are not 
electrolytically dissociated. 


IIL Molecular We ght Determinations in Liquid Nitrogen 
Peroxide. 


Having shown by measurements of the electric conductivity that no 
dissociation occurs in nitrogen peroxide solution, we thought it would 
be of interest to examine the state of molecular aggregation more 
fully by a series of molecular weight determinations. 

Ramsay has already determined the lowering of the freezing point 
of nitrogen peroxide by a few dissolved substances (oc. cit,), but found 
the measurements difficult to carry out, Experiments on the raising 
of the boiling point do not appear to have been made, and this method 
was chosen for the following determinations. The experiments do not 
present any unusual difficulties; a freezing mixture of ice and salt 
suffices to condense the nitrogen peroxide vapour with practically no 
loss. 

The ordinary Beckmann apparatus was employed. In the outer 
jacket, acetaldehyde was used, as it is naturally preferable to employ 
a liquid which does not attack rubber and cork. Its boiling point 
(20°8°) is almost the same as that of nitrogen peroxide (216°). The 
nitrogen peroxide in the inner tube was caused to boil evenly by 
means of glass beads and platinum foil. 

The connection between the inner vessel and the spiral condenser 
was made as shown in the diagram (p. 1367). The condenser tube fitted 
loosely into the side tube of the boiling vessel, and the joint, A, was 
made tight by means of asbestos paper bound round with wire and 
coated with vaseline, the latter being frequently renewed during the 
experiment. In order to introduce the substance without making an 
open passage for the peroxide to escape into the air, the glass piston, 
C, was temporarily removed and the cylindrical lumps of substance, 
previously weighed, were introduced into the tube B. The piston, 
C, was then replaced and the whole condenser raised so as to make 
an open connection between B and the boiling vessel. By means 
of the rod, C, the substance was quickly pushed down so that it 
fell into the boiling vessel, and the condenser lowered into its 
original position. Thus, the escape of nitrogen peroxide during the 
experiment was reduced to a minimum, 
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The thermometer, D, was held in place by a stopper, E, made 
by rolling asbestos paper into a solid plug, and heating this for 
some time in molten paraffin wax. This was found somewhat pre- 
ferable to a stopper of plaster of Paris, which was originally em- 
ployed. In either case, the 
joints were made tight with 
vaseline, A number of 
preliminary experiments 
showed that the loss of 
liquid was inconsiderable, 
even when the boiling was 
protracted for many hours. 

In order to give satis- 
factory results, the nitro- 
gen peroxide must be com- 
pletely freed from lower 
oxides by previously pass- 
ing a current of oxygen 
through it for a consider- 
able time at about — 10°. 
After each experiment, the 
peroxide was recovered by 
distillation and the residue 
examined to make sure 
that no decomposition had 
occurred. In most cases, 
the redistilled liquid was 
resaturated with oxygen 
before being used again, 
as the prolonged boiling 
necessary in the determina- 
tions sometimes brought 
about a slight reaction be- 
tween the solvent and the 
dissolved substances, by 
which traces of lower oxides 
of nitrogen were formed. 

The constant for the 
raising of the boiling point was first ascertained with a number 
of indifferent substances, for which there was no likelihood of the 
formation of complex molecules in solution. 

The following tables show the constants found for 1 gram-molecule 
of substance in 100 grams of solvent : , 


FRANKLAND AND FARMER: 


Grams of 
Grams of Grams of Rise of substance in 
solvent. substance. boiling point. 100 grams of 
. solvent. 


Constant. 


Nitrobenzene, C,H,*NO,. Mol. wt. 123. 


53°6 1°012 0°215 
53°6 1°591 0°317 
53°6 2°352 0°464 
53°6 3°108 0°612 
53°6 4°227 0°841 
53°6 5°569 1°105 
53°6 7°250 1°457 
53°6 11°792 2°394 


m-Dinitrobenzene, C,H,(NO,),. Mol. wt. 168. 


0°601 0°110 1°36 
1°447 0°250 3°27 
2°238 0°392 5°06 
3°296 0°581 7°46 
4°170 0°743 9°44 
5°045 0°902 11°42 
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0449 0-085 111 
1:098 0:216 2°75 
1:707 0°342 4°37 
2331 | 0°490 6°07 
2959 |  0°625 7°87 
3413 | 0-717 9°25 
4410 | 0949 
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p-Vitrotoluene, CH,*C,H,*NO,. Mol. wt. 137. 


0°337 0°077 
1°037 0°247 
2°904 0°691 
4°106 0°990 


Toluene, C,H,*CH,. Mol. wt. 92. 


| 1°234 0:379 

2°661 0°830 
| 8989 1-233 
| 5875 1°637 
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Grams of 

Grams of Grams of Rise of substance in 

solvent. substance. boiling point. 100 grams of Constant. 
solvent. 


Benzyl chloride, C,H,*CH,Cl. Mol. wt. 126°. 


61°0 0°750 0°139 1°23 
61°0 2°538 0°476 4°16 
61°0 3°558 0°662 5°83 
61°0 4°944 0°916 8°11 
61°0 7°052 1°289 11°56 
61°0 9°010 1°627 14°78 
61°0 10°811 1°926 17°72 


Acetylene tetrabromide, C,H,Br, Mol. wt. 346. 


1°336 0.101 2°54 


14°57 
18°85 


7°663 0°607 
9°915 0°743 


| 
| 
4°190 0°340 7°97 


Ethylene dibromide, C,H,Br,. Mol. wt. 188. 


| 
50°9 0°880 0°134 
50°9 2°487 '0°387 
50°9 3°976 0°620 
50°9 5°340 0°824 
50°9 7°417 1°102 
50°9 11°575 1°650 
50°9 15°503 2°127 


Quinone, O:0,H,:O. Mol. wt. 108. 


6° 
6° 1°199 0°328 
6° 


0°687 | 0-181 
1675 | 0-462 
| 


Acetophenone, C,H,,*CO*CHsg. 


1°902 
2°741 
3°972 
5°094 
6°161 
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The following is a list of the mean constants found in the above 
experiments : 
Substance. Mean constant. 
Nitrobenzene ..........006. peeesacacedcacesess 13°2 
Dinitrobenzene (1st series) 
» (2nd series) 
p-Nitrotoluene  ...........6+ pdatonesenbaeases 
Toluene 
Benzyl chloride 
Acetylene tetrabromide 
Ethylene dibromide 
Quinone 
Acetophenone 


Mean 13°7 


‘The fifty-five observations comprised in these ten series rarely 
deviated by more than 5 per cent. from this mean value. The number 
13°7 may therefore be safely concluded to be a close approximation to 
the constant for 1 gram-molecule of substance dissolved in 100 grams 
of liquid nitrogen peroxide, 

Our attention was next turned to the examination of. the acids 
the electric conductivity of which we had previously investigated. The 
results of our experiments show that many acids are associated in 
nitrogen peroxide solution and exist in the form of double molecules. 
Association is well known to take place in certain other solvents 
(benzene, &c.). 

At the lowest concentration taken, namely, 2°45 per cent., benzoic 
acid was not quite completely associated to double molecules. At a 
concentration of 5 per cent., however, the association was practically 
complete and remained nearly constant at the higher concentrations. 


Benzoic Acid. 


C,H,°CO,H ; mol. wt. 122. (C,H,;°CO,H), ; mol. wt. 244. 


Weight of Weight of | Grams of Molecular 


Rise in substance in - 
boiling point. 100 grams of Pen 
solvent. ‘ 


solvent in substance in 
grams. grams. 


1°049 ; 209 
2°048 7 236 
2°952 , 229 
3973 , 228 


——, 
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In dealing with the substituted benzoic acids, we were met with 
the difficulty that most of the acids in question were sparingly soluble 
in nitrogen peroxide, as in other solvents. Even at the highest con- 
centration taken, the association to double molecules was incomplete. 
It will be seen, nevertheless, from the following figures that the acids 
are strongly associated and we may assume that they would exist in 
the form of double molecules in more concentrated solutions. o-Toluic 
acid was the most easily soluble of those tried, but its association was 
still somewhat incomplete at the highest concentrations employed. 


Toluic Acids. 
CH,*C,H,°CO,H ; mol. wt. 136. (CH,°C,H,°CO,H), ; mol. wt. 272. 


i : ' Grams of 
Weight of Weight of ist ; 
solvent in substance in Rise in substance in Molecular 


boiling point. 100 grams of | weight (found). 
grams. grams. | solvent. 


0-Toluic acid. 


0°030 
0°086 
0°141 
0°211 
0°279 
0°353 
0°463 


OArWNHO 
HK NaOdaaAs 
OAOBOWS 


m-TZoluic acid. 


0°036 
0°085 
0°120 
0°160 


p-Toluic acid. 


0°581 0°071 ; 194 
1°074 0°129 : 197 


Experiments with the nitrobenzoic acids failed to give satisfactory 
values, the acids being very sparingly soluble in nitrogen peroxide. 
The measurements taken in dilute solution pointed, however, to a con- 
siderable association. Experiments were also commenced with the 
bromobenzoic acids, but were discontinued for the same reason. 

A similar association was found for the acids of the aliphatic series. 


1372 LIQUID NITROGEN PEROXIDE AS A SOLVENT. 


For acetic acid, only the first of a series of measurements is given, the 
others having been rendered inaccurate by a slight decomposition 
which the nitrogen peroxide underwent. It is sufficient to show that 
a complete association to double molecules had taken place. 


Grams of 
Rise in substance in Molecular 
boiling point. 100 grams of | weight (found), 
solvent. 


Weight of | Weight of 
solvent in | substance in 
grams. grams. 


Acetic Acid. 
CH,*CO,H ; mol. wt. 60. (CH,°CO,H), ; mol. wt. 120. 


1°608 | 0°313 2°78 | 122 


Tribromacetic Acid. 
CBr,°CO,H ; mol. wt. 297. (CBr,*CO,H), ; mol. wt. 594. 


1°192 : 573 
2°126 4 606 


Trichlorobutyric Acid. 
0,H,Cl,°CO,H ; mol. wt. 191°5. (C,H,Cl,*CO,H), ; mol. wt. 383. 


} 


54°5 0°464 0°050 
54°5 0°839 0°085 
54°5 1°378 0°133 
54°5 1°943 0°185 
54°5 2°602 0°245 
54°5 3°350 0°308 
54°5 3°797 0°340 


233 
248 
260 
264 
267 
273 
281 
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The association will be seen to be much less complete in the case of 
trichlorobutyric acid. 

Since acids showed a tendency to form complex molecules in nitrogen 
peroxide, an examination of the phenols seemed desirable. As men- 
tioned above, most phenols are readily attacked by nitrogen peroxide. 
~ The choice of available phenols was therefore limited. In the following 
cases, the normal molecular weights were found : 
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; . Grams of — 

—— of Bee tee Rise in substance in Molecular 

seevens = boiling point. | 100 grams of | weight (found). 
grams. grams. solvent. 


2: 4-Dinitrophenol, OH*C,H,(NO,),. Mol. wt. 184. 
| | 


2:4:6-Trinitrophenol, OH:C,H,(NO,),. Mol. wt. 229. 


0°939 0°143 2°29 
1°675 0°243 4°15 
2°405 0°350 6°04 
3°151 0°448 8°02 
4°061 0°559 10°50 


IV. Summary of Results. 


1, Nitrogen peroxide does not dissolve inorganic salts. On the 
other hand, it is a good solvent for certain non-metallic elements and 
readily dissolves many organic compounds. 

2. The perfectly anhydrous liquid is comparatively inert as a 
chemical reagent ; many organic compounds can be recovered unchanged 
from their solutions in nitric peroxide. 

3. Measurements of the electric conductivity show that it is not an 
“ionising solvent.” 

4. Molecular weight determinations show that many substances are 
associated to double molecules in this solvent. 


Uriversity OF BIRMINGHAM. 


CXLV.—The Action of Aluminium Chloride on 
Camphoric Anhydride. Part II. 


By W. H. Perry, jun., and J. Yarss. 


In the first part of this paper, published a short time ago (Lees and 
Perkin, this vol., 332), it was shown that when camphoric anhydride, 
dissolved in chloroform, is treated in the cold with aluminium chloride, 
the camphor molecule undergoes a series of remarkable molecular 
changes, 
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The substances formed during this decomposition and described in 
the first paper were solauronolic acid, 


CMe 
Me,0% \o-00,H 
H,—CH, 


and a mixture of isomeric lactones, which, since they are readily con- 


verted into xylic acid on oxidation with sulphuric acid, were recognised 
as stereoisomeric modifications of the lactone of hydroxyhexahydro-xylic 
acid, 
CMe 
OH, poe 


CH, ont 
v 


H 


By hydrolysing the mixed lactones we succeeded, in a way described 
in detail in that paper, in isolating two well characterised stable 
hydroxyhexahydro-xylic acids melting at 160° and 113° respectively, 
which we called simply A and B, since we had no means of determin- 
ing their configurations. When distilled, these acids were converted 
into the corresponding lactones with elimination of water, the lactone 
of the A-acid melted at 55°,* and that of the B-acid at 44°. 

We have since further examined these two hydroxy-acids and their 
lactones and find that the A-acid or its lactone, when treated with 
fuming hydrobromic acid, is converted into A-bromohexahydro-aylic 
acid, 

CBrMe 


OH, ‘OH 
Oe 
SH-CO,H 


which melts at 133°, whereas the B-hydroxy-acid and its lactone, 
under similar conditions, yield B-bromohexahydro-xylic acid melting at 
126°. 


In our earlier experiments, several results were obtained which seemed 
to indicate that the lactone mixture obtained by the action of aluminium 
chloride on camphoric anhydride did not consist entirely of the two 
lactones of A- and B-hydroxyhexahydro-xylic acid, but contained 
other isomeric lactones, which we were at that time unable to isolate. 
Since then, by experi-nenting with large quantities of material, this 


* This lactone was described as an oil, but it subsequently solidified. 
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suspicion has been confirmed and we have now been able to identify 
all the constituents of the mixture. 

The two hydroxy-acids, A and B, are characterised by remarkable 
stability, since, although they contain the hydroxyl and carboxyl 
groups in the 6-position, they are not converted into their lactones 
even by prolonged boiling with water, and it was found necessary, in 
order to prepare these lactones, to submit the acids to dry distillation.* 

In order to explain this remarkable stability, we suggested in the 
earlier paper that the two hydroxy-acids, A and B, were probably the 
trans-modifications, 


The corresponding cis-modifications, 


Me FO 


a 


\ 
H™00, 


might be expected to exhibit much less stability, and be converted 
into their lactones when their salts are acidified, as is the case with 
the 6-hydroxy-acids in the fatty series. 


* Somewhat similar cases of stable ring hydroxy-acids have already been ob- 
served. Thus, the hydroxycyclohexanecarboxylic acid of the formula 


CH, 


UH, \CH-0H 
CH, is ; 
CH*CO,H 


which Einhorn (Annalen, 1896, 291, 298) prepared by reducing m-hydroxybenzoic 
acid, is quite stable although it is a y-hydroxy-acid. Again, Tiemann and Semmler 
(Ber., 1895, 28, 2148) describe as stable the y-hydroxyhexahydro-p-toluic acid of 
the formula : 


CHMe 
C \\cH-0# 
CHy\ Sf ls 
CH°CO,H 
Both these acids are probably ¢rans-modifications. 
The existence of cis- and trans-isomerism in the case of ring-acids containing th e 


5 B2 
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By making use of these differences in stability we have now suc- 
ceeded in showing that the mixed lactones obtained by the action of 
aluminium chloride on camphoric anhydride contain, not only the 
lactones of the trans-A- and B-hydroxyhexahydro-xylic acids, but also 
the corresponding cis-lactones. The process employed in separating 
the latter is briefly as follows: 

The mixed lactones are first converted into the hydroxy-acids by 
hydrolysis and these then submitted to distillation in steam ; in this 
way, the cis-hydroxy-acids are converted into lactones which pass over 
with the steam, whereas the ¢rans-acids remain for the most part un- 
changed in the distilling flask, so {that by repeating this process an 
almost complete separation is possible. The last traces of trans-acids 
are removed by hydrolysing the lactones and allowing the hydroxy- 
acids to stand for a few days, when the cis-modifications are spon- 
taneously converted into lactones, which are separated from any traces 
of trans-hydroxy-acids by treatment with sodium carbonate. In this way, 
more than 100 grams of oil were obtained, which distilled constantly at 
145° under 25 mm. pressure, and, like the trans-lactones, yielded xylic 
acid when treated with sulphuric acid; there can therefore be no 
doubt that it consisted of the cis-lactones of hydroxyhexahydro-xylic acid. 

Further examination showed that this oil contains two lactones 
(one, however, only in extremely small quantity), since when treated 
with fuming hydrobromic acid the oil yields a solid product which, 
when ¢rystallised from light petroleum, may be separated into a small 
quantity of a very sparingly soluble O-bromohexahydro-xylic acid 
melting at 137° and a large quantity of the more soluble D-bromo. 
hexahydro-xylic acid, which melts-at 130°. At first it was thought 
that the two bromo-acids, A and C, melting at 133° and 137°, and the 
two B, and D, melting at 128° and 130° were identical, but investiga- 
tion showed that this is not the case. 

If, for example, the first two are intimately mixed, the mixture 
melts at about 100° and a mixture of the two latter was found to 
melt at about 105°, and again, the four bromo-acids differ in their 
behaviour with sodium carbonate: a point which will be discussed at 
a later stage. 
groups CHMe and CH’CO,H has already been observed. _Thus, hexahydro-o-toluic 


acid, 
CH, 


CH, CH, 
CH, CHMe 
H°CO,H 
exists in well-defined cis- and ¢rans-modifications (Goodwin and Perkin, Trans., 
1895, 67, 121). 


= Se - ee 2c 
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It is therefore evident that there are four distinct bromo-acids, 
C,H,,0,Br, two cis and two trans, and this agrees with the assump- 
tion that the hydroxy-acids, C,H,,0,°OH, from which they are derived, 
are stereoisomeric modifications of hydroxyhexahydro-xylic acid, and 
that the bromo-acids are therefore stereoisomeric bromohexahydro- 
xylic acids: this will be evident from the following considerations. 

If the formula of camphoric acid is compared with that of hydroxy- 


hexahydro-xylic acid, 


CMe:CO,.H (a) OMe:0H (a) 
; ie * 
CH,’ CMe OH, SCH 
cH, _lon-60,H (b) OH, JcHMe (c) , 


GH-0O,H (b) 


Camphoric acid. Hydroxyhexahydro-xylic acid. 


it will be seen that not only are the two asymmetric carbon atoms in 
the camphoric acid (marked a, b) present in the hydroxyhexahydro- 
xylic acid, although in a somewhat altered form, but that in the 
formation of the latter acid from the former a new asymmetric carbon 
(marked c) has been created: in other words, hydroxyhexahydro-xylic 
acid contains three asymmetric carbon atoms. In order to discuss this 
point, we may conveniently select the four bromo-acids A, B, C, and D, 
and it may be stated at once that experiment has shown that these are 
all inactive and that, therefore, racemisation must have taken place in 
their formation from the strongly dextrorotatory camphoric anhydride. 
In the case of a substance containing three asymmetric carbon atoms, 
a, b, c, the possible combinations, using the signs + and — are: 


+a-a +a-a +a-a -at+a 
+ce-c¢ -c+e -c+ec —-ce+ec 
+b—b +b-b -b+b +b-b 

1 2 3 4 5 6 7 8 


that is to say, there are four possible externally compensated combina- 
ations, 1:2, 3:4,5:6, and 7:8, and it is highly probable that the four 
bromo-acids, A, B, C, and D, and their corresponding hydroxy-acids, 
are these combinations. Unfortunately, it is not possible at this stage 
to assign to each modification its particular configuration. We may, 
however, select the combination [+a—c—b, —a+c+b] for O, in 
which case D will be [-a-—c+b, +a+c-—b], and the acids A and B 
will be represented by [+a+c+b, -—a-—c—b] and [+a-—c+b, 
~a+c~—b], but which of these symbols belongs to A, and which to B, 
must be left an open question. 

In connection with this question of the introduction of a new asym- 
metric carbon atom into a molecule containing already one or more u 
carbon atoms, we may perhaps be allowed to call attention 
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folowing very interesting aspect of the subject, since it arises directly 
from our experimental work. 

It has already been stated that the results briefly described above 
leave little room for doubting that during the conversion of d-cam- 
phoric acid the change proceeds in such a way as to yield the four 
externally compensated hydroxyhexahydro-xylic acids, to which only 
the configurations given on page 1377 can be assigned. It thus follows 
that the camphor residue has, during the treatment with aluminium 
chloride, undergone racemisation in a manner similar to, although 
probably more complete than, that observed by Kipping and Pope 
(Trans., 1897, '71, 956) to occur on sulphonating camphor ; and whilst 
in the latter case the complex +a+b became converted into -a—b, 
in the case now described the other two complexes, +a—b and —a+hb, 
are also produced at some stage during the series of reactions. The 
formation of a third asymmetric carbon atom in addition to the two 
already present results in the ultimate production of all eight possible 
configurations of the substance containing three dissimilar asymmetric 
carbon atoms. 

Quite recently (Cohen and Whiteley, Proc., 1900, 16, 212; Kipping, 
ibid., 226), the question has again been opened as to whether in con- 
verting an optically active substance containing n-asymmetric carbon 
atoms into one containing n+1 such atoms, the configuration of the 
m-asymmetric carbon atoms originally present exercises a directive 
influence on the configuration of the new asymmetric carbon atom. 
This question seems to have been answered in the affirmative by 
Fischer’s work, and more especially by his observation that d-mannose, 
which contains four asymmetric carbon atoms, gives an almost quanti- 
tative yield of d-mannoheptonic acid (Ber., 1889, 22, 370), which 
contains five asymmetric carbon atoms in the molecule. A number of 
well-known facts leading to the same conclusion are available and 
the work now described also points in the same direction. Thus, it is 
‘well known that on brominating succinic acid two optically inactive 
dibromosuccinic acids are obtained in different quantities, the 
isomeride (isodibromosuccinic acid) produced in much the smaller 
amount having the configuration [+a+a,—a-—a], whilst ordinary 
dibromosuccinic acid is the internally compensated compound having 
the configuration [+ a—a]. Since monobromosuccinic acid containing 
one asymmetric carbon atom is first produced and on further brom- 
ination yields more internally than externally compensated dibromo- 
succinic acid, it follows that the presence of one asymmetric carbon 
atom in this case causes the second to assume, by preference, the 
opposite configuration to the first. The literature concerning the 
tartaric acids reveals similarly convincing proofs of the same pro- 
position. The possibility of drawing, from the behaviour of optically 
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inactive substances, sound conclusions as to the directive influence 
exerted by the configuration of asymmetric carbon atoms already 
existent in the substance upon that of others ultimately produced, 
seems hitherto to have been overlooked. In the formation of the 
hydroxyhexahydro-xylic acids with three asymmetric carbon atoms 
from camphoric acid containing only two, we show that the four 
externally compensated isomerides produced are formed in widely 
different proportions, which may be roughly stated to be as follows: 
A, 12 per cent.; B, 5 per cent.; C, 3 per cent.; D, 80 per cent. 
Although we are unable at present to definitely distribute the four 
pairs of possible configurations amongst these four acids, the fact that 
these acids are formed in different quantities is convincing proof that 
the configurations of the two original asymmetric carbon atoms have 
exercised a directive influence on the configuration of the carbon 
atom, which becomes asymmetric during the action of the aluminium 
chloride. 

When the four bromo-acids, A, B, C, D, are boiled with sodium 
carbonate, they are all decomposed with elimination of hydrogen 
bromide and formation of tetrahydro-xylic acids, 


C,H,,0,Br = 0,H,,0, + HBr, 


and according to theory, four different externally compensated acids 
should be formed in this way, as will be seen at once if the bromo- 
acids are represented graphically and the corresponding tetrahydro- 
xylic acids written underneath. 


Me——Br Me Br Br——Me Br Me 


HY i, H,/ - H, 


| 
+ Me-—H 4H, H—— 
oi, an ay 
c0,H “a co,Ha co,H “a co,H“H 


_ r x 


H,| Me——H 
Me a 7 


2 


trans-Acids, A and B. cis-Acids, C and D. 
Bromohexahydro-xylic acids. 


Me ' ‘Me 

af “se me iy 

H>—Me ma: ae 
CO,H~—H 


C and D. 


Tetrahydro-xylic acids. 
As in this change (elimination of hydrogen bromide), only one of 
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the three asymmetric carbon atoms in the bromohexahydro-xylic acids 
disappears, each of the unsaturated acids formulated above still 
contains two asymmetric carbon atoms and is an externally compen- 
sated compound ; the optical relationship of these four racemic com- 
pounds may therefore be expressed by the same signs as before, 
omitting that given to the >CMeBr-group. The tetrahydro-xylic acid, 
C, will therefore be [—c—b,+e+b], D will be [—c+b,+¢-—b], and 
A and B will be either [ +c+b,-—c—b] or [-—e+b,+ce—b]. 

The actual results of the experiments on the behaviour of the four 
bromo-acids with sodium carbonate show that the three bromo-acids, 
A, B, and D, give three distinct tetrahydro-xylic acids, A, B, and D, 
which melt at 80°, 68°, and 87° respectively, but in the case of the 
bromo-acid, C, the material at our disposal was so small that we were 
unable to purify the acid formed sufficiently to determine its melting 
point accurately ; most probably it is the fourth isomeride indicated 
by theory. 

There is, however, at present no proof of the actual position of the 
double linkings in the tetrahydro-xylic acids, and the formule given 
above are only intended as examples of the direction in which 
elimination of hydrogen bromide may possibly take place. 

It is clear that the relationship, for example, between the cis-bromo- 
acids, C and D, and their corresponding tetrahydro-xylic acids might 
equally well be written thus : 


Me lat 


Me 
HH, a. 


ie 
Lo 


In order, if possible, to obtain some clue as to the constitution of 
these unsaturated acids, experiments (see pp. 1388, 1393) were insti- 
tuted on the oxidation of the tetrahydro-xylic acids, A and D, but the 
results obtained with the small quantities of these acids available were 
not sufficient to throw much light on this point. 

When treated with fuming hydrobromic acid, the three tetrahydro 
xylic acids A, B, and D are quantitatively reconverted into the 
bromo-acids from which they were derived by elimination of hydrogen 
bromide, the bromine atom becoming attached in each case, therefore, 
to the tertiary carbon atom carrying the methyl group. 

Another characteristic of these acids is that when warmed with 
sulphuric acid at 80° they are rapidly oxidised to xylic acid and, indeed, 
this change takes place at the ordinary temperature if the solution 
in sulphuric acid is allowed to stand for some days. 


- 
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During the course of a series of experiments on the reduction of 
xylic acid by means of sodium and ‘isoamyl alcohol, Bentley and 
Perkin (Trans., 1897, '71, 173) obtained a tetrahydro-xylic acid which 
melts at 107° and is isomeric with the tetrahydro-xylic acids, A, B, 
and D, described in the present paper. That this acid is either Al 
or A°-tetrahydro-xylic acid is conclusively proved by the fact that it is 
formed from methyl a-bromohexahydro-xylate by hydrolysis and 
elimination of hydrogen bromide. 


CHMe CHMe 


CH cH, 
CH /ouMe 
CBr°CO,Me 

In order to obtain further evidence in support of the assumption 
that the acids A, B, and D are tetrahydro-xylic acids, we decided to 
further examine this acid of melting point 106°, and as the result of 
our experiments we find in properties and behaviour with reagefits it 
shows a quite striking similarity to the acids A, B, and D. 

Thus, for example, when heated with sulphuric acid, it is readily 
oxidised to xylic acid, and it combines readily with hydrogen bromide, 
yielding a new bromohexahydro-xylic acid which melts at 127° and 
the constitution of which is doubtless represented by one of the 


formule, 
CHMe CHMe 


CH, SCH, : CH, Nou, 
CH, Dope T oHBrl )CHMe ° 
CH-CO,H CH:°CO,H 
It is remarkable that the five bromohexahydro-xylic acids described 
in this paper should all melt between 127° and 137°, and that the 
three tetrahydro-xylic acids, A, B, and D, should all melt close together 
and be so very similar in properties. The impossibility of readily 
distinguishing between these different isomeric modifications has very 
greatly added to the difficulties of this reseach. 


EXPERIMENTAL. 


Separation of the Lactones produced by the action of Aluminium Chloride 
on Camphoric Anhydride. 


In the introduction, it was stated that a new method for separatiag 
these lactones had been worked out, which gives much more satis- 
factory results than that described in the previous paper and is 
especially convenient for the rapid isolation of the cis-lactones. This 


method is as follows: 
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The solution of the camphoric anhydride in chloroform is first 
treated with aluminium chloride exactly as described in the pre. 
vious paper, and after separating the dsolauronolic acid by means 
of potash, the chloroform solution of the lactones is distilled from 
the water-bath until as much chloroform as possible has been removed, 
The dark-brown residue, which often still contains 50 per cent. of its 
weight of chloroform, is fractionated twice under reduced pressure, 
when the whole passes over at 170—180° (80 mm.) as a colourless oil, 
the weight of which from 1 kilo. of camphoric anhydride is usually 
about 130 grams. The mixed lactones from 2 kilos. of camphoric 
anhydride were now treated on the water-bath with sufficient mode- 
rately concentrated barium hydroxide to just dissolve them, the 
solution filtered from a small quantity of a dark-coloured impurity, 
the filtrate acidified, saturated with calcium chloride, and extracted 
at least 20 times with pure ether. The ethereal solution was then 
evaporated and the residual thick oil submitted to distillation in 
a rapid current of steam (a), When oil ceased to come over with 
the condensed water, the distillate was saturated with ammonium 
sulphate, repeatedly extracted with ether, and after evaporating off 
the ether, the oily lactone mixture was again boiled with barium hydr- 
oxide until dissolved: the solution was then cooled to 60°, acidified 
with excess of hydrochloric acid, and kept at 60° for 5 minutes. 

After saturating with calcium chloride, the whole was ex- 
tracted twenty times with ether ; the ethereal solution was then well 
washed with strong sodium carbonate (bd), dried over calcium chloride, 
evaporated, and the residual colourless oil distilled under reduced 
pressure. 

During the first distillation, the whole quantity passed over at 
174—177° (80 mm.) and weighed 120 grams ; on distilling again, more 
than 100 grams passed over between 175° and 176° under the same pres- 
sure. On analysis : 


0:1176 gave 03017 CO, and 0:099 H,O. C=700; H=9°3. 
C,H,,0, requires C=70'1 ; H=9°1 per cent. 


This lactone was slightly levorotatory, the observed rotation in a 
100 mm. tube being only — 4:24°. 

In order to make quite sure that this oil was quite free from even 
traces of the lactones of the trans-acids A and B, it was again dissolved 
in baryta water, and the solution, after standing until quite cold, 
acidified with excess of hydrochloric acid, care being taken that the 
temperature did not rise above 15°. The whole was then allowed to 
stand for 24 hours, when it was noticed that the oily layer, which at 
first was quite thick, had become much more mobile. After extracting 
as usual with ether, the ethereal solution was washed repeatedly with 
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sodium carbonate (c), dried over calcium chloride, and evaporated, 
when 90 grams of a lactone were obtained which distilled constantly 
at 145° under 25 mm., and at 255° under 760 mm. pressure, and had 
a rotation in a 100 mm. tube of —5°3°. Experiment showed that 
further treatment with baryta, exactly as just described, did not alter 
this rotatiou or the other physical constants of the oil. It was there- 
fore clear that it was now quite free from the lactones of the trans- 
A- and B-acids, and consisted of the lactones of the cis-acids only. In 
this condition, it was employed in the experiments described in this 
paper. On analysis, the following numbers were obtained : 


0:1646 gave 0:4237 CO, and 0:1376 H,O. C=70:'2; H=9°3. 
C,H,,0, requires C=70°1 ; H=91 per cent. 


The density and magnetic rotation of this oil were determined by 
W. H. Perkin, sen., with the following results : 


Density determinations: d 10°/10°=1°:0503; d 15°/15°=1:0471 ; 
d 20°/20°=1-0441. 


Magnetic rotation. 


t. Sp. rotation. Mol. rotation. 
15° 10562 8°632 


These numbers differ considerably from the previous determinations 
made with the mixture of cis- and trans-lactones, the density was then 
at 10°/10°= 1-0606 and the magnetic rotation 8°200, and they natur- 
ally differ still more for the values found for the lactone of the trans- 
acid A (see p. 1390), which are as follows : Density, d 10°/10°=1-0640 ; 
magnetic rotation, 8°174. 

Action of Sulphuric Acid on the cis-Lactones. Formation of Xylic 
Acid.—The oily lactone just described dissolves in concentrated sulphuric 
acid with development of a good deal of heat, and if the solution is 
heated at 80° it rapidly darkens and much sulphur dioxide is evolved. 
After heating for 15 minutes, the product was poured into water and 
allowed to stand overnight ; the dark precipitate was then collected, 
dissolved in sodium carbonate, and boiled with purified animal char- 
coal. On acidifying, a rather dark coloured crystalline mass separated, 
and this, after drying, was distilled and the distillate crystallised from 
dilute acetic acid, when almost colourless crystals separated which 
melted at 124—125° and consisted of xylic acid, C,H,(CH,),*CO,H. 
On analysis : 


0°1298 gave 0°3422 CO, and 0:0794 H,O. C=71:9; H=6°8. 
C,H,,0, requires C=72°0; H=6°7 per cent. 
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Separation of the Substances Removed during the Purification of the 
cis-Lactones. 


During the purification of the cis-lactones, as described in the pre- 
vious section, more than half of the original mixture of cis- and trans. 
lactones was removed during the steam distillation and afterwards by 
the repeated extractions with sodium carbonate. The investigation of 
this material was carried out briefly as follows. The sodium carbonate 
extract 6 (p. 1382) was acidified, saturated with calcium chloride, 
and repeatedly extracted with ether ; the ethereal solution, after care. 
fully drying over calcium chloride and evaporating to a small bulk, 
yielded, on standing, 17 grams of colourless crystals, which, after re- 
crystallisation from ether, melted at 158—160° and consisted of pure 
A-hydroxyhexahydro-xylic acid (this vol., p. 345). 

The ethereal mother liquors of these crystals deposited, on spon- 
taneous evaporation, several crops of crystals which, when left in con- 
tact with porous porcelain to remove oily impurity, became hard and 
colourless, and on subsequently recrystallising from ether, yielded 
further quantities of the A-acid. 

The total amount of pure A-acid obtained from this sodium carbonate 
extract was 27 grams. : 

It is rather remarkable that such considerable quantities of the 
A-acid should be found at this place, since its presence here shows 
that it must have been carried over during the steam distillation, yet 
in the previous paper (p. 345) it was shown that the pure A-acid is 
not volatile as such with steam, nor is it converted into its volatile 
lactone under these conditions. It therefore follows that in the pre 
sent case its volatility must be due to the presence of the lactones of 
the cis-acids, which carry it over during the steam distillation. 

The sodium carbonate extract ¢ (p. 1383) was acidified with excess of 
hydrochloric acid, when a thick, heavy oil separated, which on standing 
at the ordinary temperature for 3 weeks became much less dense and 
more mobile. The whole was then saturated with calcium chloride, 
repeatedly extracted with ether, the ethereal solution washed well 
with strong sodium carbonate (d), dried over calcium chloride, and 
evaporated. In this way, about 80 grams of an oil were obtained which 
distilled constantly at 163° (40 mm.), and had a rotation of —4°4° in 
a 100 mm. tube. This was further purified by solution in baryta 
water afid treatment with hydrochloric acid at the ordinary tempera 
ture, as previously described in purifying the main bulk of the cis-lac- 
tones (p. 1382) ; it then yielded more than 70 grams of pure cis-lactones. 
Thus, without allowing for considerable loss during purification, the 
total yield of the cis-lactones from 250 grams of the mixed lactones 


= 
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is at least 170 grams. The sodium carbonate extract d was treated in 
exactly the same way as c, and yielded small quantities of the cis- 
lactones and about 0°5 gram of pure crystalline A-acid. 

The steam distillation flask, a, contained a considerable quantity of 
a thick oil ; this was repeatedly extracted with ether and after drying 
the ethereal solution and evaporating, the residual oil was several 
times carefully distilled. During the first distillation, much water 
was given off and a colourless oil was collected at 160—170° under 
35 mm. pressure, leaving in the flask a slight crystalline residue of 
camphoric anhydride which had escaped the action of the aluminium 
chloride. In order to remove this as far as possible, the oil was care- 
fully dried and several times slowly fractionated under 35 mm. pres- 
sure, when almost the whole passed over at 155—160°. 

When this oil was dissolved in baryta water and, after acidifying, 
the acids extracted with ether, an oil was obtained which, even after 
standing for months, deposited only a very few crystals ; it was there- 
foredistilled under theordinary pressure, when almost the whole\quantity 
came over at 252—255° (750 mm.) The distillate was dissolved in 
ether and repeatedly extracted with dilute potash, and the alkaline 
solution, after freeing from ether, was acidified, when a considerable 
quantity of an oil was precipitated which, on standing, became semi- 
solid. 

In contact with a porous plate, the oily impurity was soon absorbed 
and a crystalline mass resulted, which after crystallising from dilute 
acetic acid melted at 78—80° and consisted of A-tetrahydro-xylic 
acid (p. 1392). 


01481 gave 03802 CO, and 0°1224 H,O. C=700; H=9°2, 
C,H,,0, requires C= 70-1 ; H=9-1 per cent. 


This acid, which weighed about 3 grams, is undoubtedly formed by 
the elimination of water from A-hydroxyhexahydro-xylic acid, during 
the frequent distillations, since it is elsewhere proved (p. 1391) that 
small quantities of A-tetrahydro-xylic acid are always produced when 
the A-hydroxy-acid is distilled. The ethereal solution which had been 
separated from the alkaline extract, gave, on evaporation, a colourless 
oil, and this was converted into the hydroxy-acid by treatment with 
baryta in the usual way. 

On long standing, the thick, oily acid partially crystallised and when 
spread on a porous plate a colourless mass of crystuls was obtained, 
which, after recrystallisation from ether, melted at 158—160° and con- 
sisted of A-hydroxyhexahydro-xylic acid. The porous plate was 
broken up and extracted in a Soxhlet apparatus with ether, and the 
ethereal extract,’after a long series of fractional crystallisations, yielded 
about 2 grams of A-hydroxy-acid and 5 grams of pure B-hydroxy- 
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hexahydro-xylic acid, which melted at 113° and on distillation wag 
decomposed with elimination of water and formation of the pure 
B-lactone melting at 44°. 

It is remarkable that so little of the B-acid should have beep 
obtained on this occasion, because in the previous experiments (Joc. cit,, 
p- 346), a relatively large quantity of it could always be isolated with 
comparative ease. This great difference in yield proves that the rela. 
tive quantity of the lactones formed by the action of aluminium 
chloride on camphoric anhydride varies with unavoidable slight 
alterations in the conditions of the experiment. 


Action of Hydrobromic Acid on the cis-Lactones of Hydroxyhexahydro- 
aylic Acid. Formation of the cis-Modifications (OC and D) of 
Bromohexahydro-xylice Acid, 


Br Me 


HY _\H, 
HA + ithe 


CO,H“ 


When the mixed cis-lactones, in quantities of not more than 5 grams 
are rapidly mixed with four times the volume of fuming hydrobromic acid 
(saturated at 0°), they rapidly and completely dissolve, but in a few 
seconds the solution becomes opaque owing to the separation of oil, 
The oil collects as a clear layer on the surface of the acid and after 
standing for 24 hours solidifies to a colourless, crystalline mass. This 
is powdered, washed with water on the pump, and left in contact with 
porous porcelain until quite dry; it is then ground up with light 
petroleum (b. p. 35—40°), in which it is very sparingly soluble, and 
washed with this solvent on the pump. The latter operation not 
only removes traces of coloured impurity but dissolves asmall quantity 
of unchanged lactone, which always appears to be present, even when 
a large excess of hydrobromic acid is used. The colourless residue is 
rapidly* dissolved in boiling light petroleum (b. p. 80—90°), a pinch of 
purified animal charcoal added, the liquid filtered, and carefully watched 
as it crystallises, A small crop of prismatic crystals of the C-bromo- 
acid quickly forms, then there is a pause in the crystallisation, and if 
the liquid is quickly poured off and well stirred, a mass of needles of 
the D-bromo-acid rapidly separates. By repeating this operation, it is 
quite easy to completely separate these two acids. 

C-Bromohexahydro-cylic Acid crystallises in glistening, prismatic 
needles and melts at about 137—138° if the determination is rapidly 


* Unless this operation is very rapidly performed, the bromo-acids decompose 
with evolution of quantities of hydrogen bromide. 
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carried out, but as it decomposes on heating with evolution of hydrogen 
bromide, a considerably lower melting point will be observed if th 
operation is conducted slowly. On analysis: 


02108 gave 0°1697 AgBr. Br=34:2 
C,H,,0,Br requires Br = 34:0 per cent. 


This C-bromo-acid is very sparingly soluble in light petroleum and 
so similar in its other properties to A-bromohexahydro-xylic acid 
(m. p. 133°, p. 1391) that it was at first thought that the two were 
identical. Carefully purified specimens of each of these two acids were 
therefore intimately mixed, and it was then found that the melting 
point of the mixture was about 100—105°, a conclusive proof that the 
two bromo-acids C and A are not identical. 

So far as could be seen with the small quantity of material at our 
disposal (2 grams dissolved in 100 c.c. of pure ether), C-bromohexahydro- 
xylic acid is inactive ; in dissolves readily in sodium carbonate, and on 
acidifying the solution and heating to boiling, some of the tetrahydro- 
xylic acid formed appears to be converted into the C-lactone ; if this is 
removed by making alkaline with sodium carbonate and extracting with 
ether and the alkaline solution acidified, an oil separates which solidifies 
on standing and probably consists of C-tetrahydro-xylic acid. Fromthis 
small experiment, the C-bromo-acid appears to behave somewhat differ- 
ently from the A-, B-, and D-bromo-acids, which do not yield lactones 
when treated in this way. This difference, however, requires confirm- 
ation before it can be definitely accepted. 

The D-bromohexahydro-aylic acid, after complete separation from the 
C-acid by repeated recrystallisation from light petroleum, melts at 
about 128—130° and separates from light petroleum, in which it is 
sparingly soluble in the cold, as a voluminous mass of needles, which 
completely fill the liquid. It is readily soluble in ether and a solution 
in this solvent containing 5 grams in 100 c.c. was found, on examina- 
tion, to be quite inactive. 

It dissolves readily in dilute sodium carbonate, and on boiling the 
solution elimination of hydrogen bromide takes place with formation 
of D-tetrahydro-xylic acid (see next section). An analysis of D-bromo- 
hexahydro-xylic acid yielded the following results : 


01896 gave 0°1514 AgBr. Br=34:1. 
O,H,,0,Br requires Br = 34°0 per cent. 


It may, at first sight, seem remarkable that the bromo-acids C and 
D should show no signs of activity, although the cis-lactones from 
which they were prepared had a rotation of —5°3° in a 100 mm. tube. 
It has, however, already been pointed out that, in the formation of 
these lactones from camphoric anhydride, racemisation must have taken 
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place, and the fact that the cis-lactones always have a small rotation 
simply shows that it has not been quite complete. 

When the cis-lactones are converted into the bromo-acids and then 
purified by recrystallisation from light petroleum, the externally com. 
pensated modifications being less soluble (as is frequently the case) are 
easily obtained in a pure state, and the traces of the active modifica- 
tions remain in the mother liquor. 

That the light petroleum mother liquor of these inactive bromo. 
acids contains active substances was proved by direct experiment, but 
the solutions were unfortunately too highly coloured to allow of exact 
measurements being made. 


D-Tetrahydro-cylie Acid, O,H,,*CO,H. 


D-Bromohexahydro-xylic acid dissolves readily in sodium carbonate 
solution, and if the solution is heated to boiling for a few seconds and 
then cooled and acidified, an acid separates either at once in the 
crystalline form, or else as an oil which rapidly solidifies. The solid 
mass, after drying on a porous plate, melts at about 80°, and is so 
soluble in organic solvents that it is difficult to purify it by recrystal- 
lisation. 

It crystallises, however, in the form of pearly plates from dilute 
methyl alcohol, but the operation is rather troublesome, since, unless 
exactly the right conditions of concentration and temperature have 
been found, the acid always separates as an oil. 

D-Tetrahydro-xylic acid melts at 87°, and distils without decomposi- 
tion ; it is almost insoluble in water, but readily volatile in a current 
of steam. On analysis : 


0°1571 gave 04020 CO, and 0°1298 H,O. C=69'8; H=9-2. 
O,H,,0, requires C= 70-1 ; H=9°1 per cent. 

When left in contact with fuming hydrobromic acid, this acid is 
rapidly converted into the D-bromohexahydro-xylic acid from which it 
had been prepared. 

Oxidation of D-Tetrahydro-xylie Acid.—When this unsaturated acid 
is dissolved in dilute sodium carbonate and mixed with potassium 
permanganate, the latter is instantaneously reduced, and as it seemed 
probable that results throwing light on the position of the double 
linking in this acid (p. 1380) might be obtained by studying this 
oxidation, the following experiment was carried out. 

The pure acid (5 grams) was dissolved in dilute sodium carbonate 
mixed with a quantity of powdered ice and oxidised, in a porcelain 
dish fitted with a turbine, with small quantities of permanganate 
until the colour remained permanent for 3 minutes. Sodium 
sulphite was then added to destroy the excess of permanganate, the 
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liquid heated to boiling, and the filtrate and washings of the manganese 
precipitate evaporated to a small bulk. The concentrated solution, 
after acidifying with acetic acid, gave no precipitate with calcium 
sulphate, showing that no oxalic acid had been formed. The whole » 
was then acidified with hydrochloric acid and distilled in steam to 
remove a very small quantity of a volatile substance which appeared to 
be present. The residue in the steam distillation flask was saturated 
with ammonium sulphate, and repeatedly extracted with ether, the 
ethereal solution was dried over calcium chloride and evaporated, when 
a pale yellow oil was obtained which, after standing over sulphuric 
acid in a vacuum desiccator for some days, showed no signs of crystal- 
lising. It was analysed with the following result : 


01571 gave 0°3290 CO, and 0°1105 H,O. C=57:1; H=7°'8, 
C,H, ,0, requires C= 58:0 ; H=7°5 per cent. 


This acid is very readily soluble in water and is monobasic, since 0-207 
gram was found, on titration with decinormal caustic soda, to neutralise 
0045 NaOH, whereas this amount of a monobasic acid, C,H,,0,, 
should have neutralised 0:044 NaOH. 

The remainder of the acid was dissolved in water and oxidised with 
a slight excess of potassium dichromate and dilute sulphuric acid on 


the water-bath, the product was then saturated with ammonium 
sulphate and extracted 20 times with ether. After drying over 
calcium chloride and evaporating, an oil was obtained which on stand- 
ing over sulphuric acid became semi-solid ; when this was spread on a 
porous plate, the oily impurity was soon completely absorbed, leaving 
a hard, crystalline mass which melted roughly at 140°. 

This crude acid is very soluble in water, but a concentrated solution 
on standing deposits colourless plates like sugar crystals which, after 
recrystallisation, melt at 167° with slight previous softening. On 
analysis : 


0°1121 gave 0:2206-CO, and 0:0704 H,O. C=53°6; H=7°0. 
C,H,,0, requires C=53°5 ; H=6°9 per cent. 


The new acid is dibasic, since 0°1076 gram required for neutralisa- 
tion 0:0420 NaOH, whereas this quantity of a dibasic acid, C)H,,0,, 
should neutralise 0-0426 NaOH. It shows all the reactions of a 
ketonic acid, and when treated with potassium hydroxide and bromine 
it yields bromoform ; it therefore probably contains the group Me*CO ; 
unfortunately, the amount of material at our disposal was too small to 
allow of the isolation and identification of the acid which is formed 
during this oxidation. These results seem, nevertheless, to indicate 
the probability of the oxidation of D-tetrahydro-xylic acid proceeding 
somewhat in the following way 

VOL, LXXIX. 5 Cc 
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OMe ©Me:0H COMe 
oH7 ‘cH, co’ \oH Post NG, 
CH cue CH, JCHMe H, CHMe 

GH-CO,H GH-CO,H 5a oi 
Y-00,8 
D-Tetrahydro-xylic Acid, C,H,,0,. Acid, CyH,,0, 

acid. (m. p. 167°). 


The position of the double-bond in D-tetrahydro-xylic acid has, of 
course, not been definitely ascertained, and the formula given here has 
simply been selected to serve as an illustration of the possible 
mechanism of the oxidation. 


The Lactone of A-Hydroxyhexahydro-xylic Acid and its Conversion 
into A-Bromohexahydro-xylic Acid and into A-Tetrahydro-xylic Acid. 


Twenty grams of pure A-hydroxyhexahydro-xylic acid (m. p. 160°) 
were distilled and the distillate dissolved in ether and extracted three 
times with carbonate of soda to remove traces of an acid which was 
present (see below). The ethereal solution was then dried over 
calcium chloride, evaporated and the residual lactone twice fractionated, 
when practically the whole quantity distilled at 263—265° under 
748 mm. pressure the fraction boiling constantly at 264° being 
collected separately and forwarded to W.-H. Perkin, sen., in order 
that its specific gravity and magnetic rotation might be determined. 
This specimen had a permanent rotation of + 1-96° ina 100 mm. tube. 
The density and magnetic rotation determinations gave the following 
results : 


Density. d 10°/10°=1-0640 ; d 15°/15° = 1-0606 ; d 20°/20° = 1-0575. 


Magnetic rotation. 
t. Sp. rotation. Mol. rotation. 
15°4° 10131 8°174. 

This trans-lactone has therefore a higher sp. gr. and lower magnetic 
rotation than the cis-lactones (p. 1383). During its journey by train, 
it solidified to a hard mass of crystals which although very soluble in 
light petroleum (b. p. 30—35°), crystallised from this solvent in 
colourless needles melting at about 55°. On analysis: 


0°1963 gave 05034 CO, and 0°1641H,0. C=69°9; H=9°2. 
C,H,,0, requires C=70°1 ; H=9°1 per cent. 


In order to prove that this solid lactone was really the lactone of 
A-hydroxyhydro-aylic acid, it was warmed with a little baryta water, 
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in which it very readily dissolved with formation of the barium salt 
of the hydroxy-acid. The solution was acidified, extracted repeatedly 
with ether, and the ethereal solution, after drying over calcium chloride, 
evaporated to a small bulk, when crystalline crusts were deposited which 
melted at 160° and consisted of pure A-hydroxyhexahydro-xylicacid. The 
lactone of this acid was previously described (this vol., 345) as an oil 
boiling at 261—264° under 748 mm. pressure, and this specimen 
showed no signs of crystallising either after standing for 6 months or on 
cooling in a mixture of ice and salt ; when, however, a crystal of the 
lactone melting at 55° was put into the liquid, crystallisation started 
at once and the whole soon solidified to a hard mass of crystals. 

The sodium carbonate solution which had been employed in purify- 
ing the lactone (see above) gave, on acidifying, no precipitate, but it 
was noticed that after standing for some days a small quantity of needle- 
shaped crystals had separated. These. were collected and dried on a 
porous plate at the ordinary temperature; they then melted at 80°, 
and were found to consist of pure A-tetrahydro-xylic acid (see below). 
It is therefore evident that A-hydroxyhexahydro-xylic acid on 
distillation is almost quantitatively converted into its lactone, but 
that a very small amount of the acid is decomposed in another direc- 
tion with elimination of water and formation of A-tetrahydro-xylic 
acid. 

A-Bromohexahydro-axylic Acid.—The lactone of A-hydroxyhexahydro- 
xylic acid dissolves rapidly and completely in fuming hydrobromic 
acid (saturated at 0°), but the solution soon becomes cloudy and an 
oily layer separates which becomes crystalline in afew minutes. After 
standing for about an hour, the hard, crystalline mass was ground up 
with water, washed well on the pump, dried on a porous plate at the 
ordinary temperature, and then rapidly recrystallised from boiling 
light petroleum (b. p. 60—70°). The minute, glistening prisms which 
rapidly separated were analysed, with the following results : 


01511 gave 0°1121 AgBr. Br=33°9. 
C,H, ,0,Br requires Br = 34:0 per cent. 


A-Bromohexahydro-xylic Acid melts at about 133° almost without 
decomposition ; it is readily soluble in most organic solvents, but only 
very sparingly so in cold light petroleum ; its solution in ether is in- 
active. In appearance and melting point it is so similar to C-bromo- 
hexahydro-xylic acid that we were at first inclined to believe in the 
identity of the two. We therefore mixed equal quantities of the pure 
substances, and found that the melting point of the mixture was about 
100—105° ; it is therefore clear that the acids are not identical. 

Considerable quantities of A-bromohexahydro-xylic acid were also 
prepared by grinding up A-hydroxyhexahydro-xylic acid with fuming 
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hydrobromic acid. The crystals of the acid become converted into a 
gummy mass, but this soon solidifies, and after washing well on the 
pump and drying on a plate, a mass of colourless crystals is obtained 
which consists of the almost pure A-bromo-acid. 
A-Chlorohexahydro-xylic Acid. — When A-hydroxyhexahydro-xylic 
acid is boiled for a few seconds with concentrated hydrochloric acid, 
it does not yield the corresponding lactone, but is converted into an 
oil which, on cooling, solidifies. 'This was collected, washed well with 
water, and, after drying over sulphuric acid, rubbed on a porous plate 
with light petroleum (b. p. 35—40°) until free from traces of oil. The 
colourless, crystalline residue, which was not sufficient for recrystalli- 
sation, melted at about 92°, and, on analysis, gave numbers which 
showed that it evidently consisted of A-chlorohexahydro-xylic acid : 


0°1547 gave 0°1146 AgCl. Cl=18°3. 
C,H,,0,Cl requires Cl=18°5 per cent. 


A-Tetrahydro-xylic Acid.—This acid is readily obtained by dissolving 
A-bromohexahydro-xylic acid in excess of sodium carbonate and boil- 
ing the solution for a few minutes ; it separates on acidifying in an 
almost pure condition as a colourless, crystalline precipitate, For 
analysis, it was recrystallised from dilute acetic acid, and thus obtained 


in the form of colourless groups of needles, which melt at 80°: 


0°1587 gave 0°4066 CO, and 01321 H,O. C=69°9; H=9°2. 
©,H,,0, requires C=70°1 ; H=9:1 per cent. 


The acid is almost insoluble in cold water ; if, however, it is boiled 
with water, a small quantity dissolves, and on cooling separates in 
four-sided plates which melt at 80°; it is readily volatile in steam. 
Most organic solvents dissolve it freely, but it is comparatively 
sparingly soluble in cold light petroleum (b. p. 35—40°). The acid 
seems to have no tendency to yield a lactone on boiling with dilute 
acids ; it separates, for example, unchanged from 20 per cent. sulphuric 
acid, even after boiling for 5 minutes. When mixed with fuming 
hydrobromic acid, it becomes soft, but does not dissolve, and from the 
mixture, after standing for 3 hours, water precipitates a mass of 
colourless crystals which, after washing with water, drying on a porous 
plate, and recrystallising from light petroleum, melts at 133°, and 
consists of pure A-bromohexahydro-xylic acid. 

Oxidation of A-Tetrahydro-xylic Acid.—This acid, when dissolved in 
sodium carbonate, instantly decolorises permanganate, even at tem- 
peratures considerably below 0°, and it therefore seemed possible that, 
by studying this oxidation, results might be obtained which would 
throw some light on the position of the double bond in the molecule 
(see p. 1380). 
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Six grams of the pure acid were therefore dissolved in dilute sodium 
carbonate, mixed with powdered ice, and treated with a 3 per cent. 
solution of permanganate until the pink colour remained permanent 
for at least 2 minutes. 

The slight excess was then removed with sodium sulphite, the whole 
heated to boiling, filtered, and the filtrate and washings of the man- 
ganese precipitate evaporated to a small bulk and tested for oxalic 
acid, but no trace of this acid could be detected. After acidifying and 
extracting repeatedly with pure ether, the ethereal solution was dried 
over calcium chloride and evaporated, when a thick, brownish, oily 
acid was obtained, which was left over sulphuric acid in a vacuum 
desiccator for 4 days and then analysed, with the following result: 


0'1254 gave 0°2622 CO, and 0:0887 H,O. C=57:0; H=7°9. 
C,H, ,0, requires C= 58:0 ; H=7'5 per cent. 


This acid is readily soluble in water, and is evidently ketonic in 
character, since its aqueous solution gives at once a yellow, oily pre- 
cipitate with phenylhydrazine acetate. That it is monobasic is shown 
by the results of the titration with decinormal sodium hydroxide, 
when 0°2366 gram required for neutralisation 0°0508 gram NaOH, 
whereas this quantity of a monobasic acid, C,H,,0,, should neutralise 
0:0509 gram NaOH. 

We next oxidised this acid with potassium dichromate and dilute 
sulphuric acid, exactly as described in the case of the isomeric acid 
from D-tetrahydro-xylic acid (p. 1389), and on extracting the product 
with ether, an oily acid was obtained which did not crystallise even 
after standing over sulphuric acid in a vacuum desiccator for some 
weeks. This oil gives an oily precipitate with phenylhydrazine acetate, 
and yields bromoform in considerable quantity when treated with 
bromine and potassium hydroxide ; it is, therefore, evidently a ketonic 
acid, but as it did not solidify it was not further investigated. 


Formation of B-Bromohexahydro-xylic Acid and of B-Tetrahydro-xylic 
Acid from the Lactone of B-Hydroxyhexahydro-xylic Acid, 


The lactone used in these experiments was prepared by distilling the 
pure B-hydroxy-acid as described in the previous communication, it 
boiled at 258—260° under 745 mm. pressure and melted at 44°; it 
was particularly noticed that even after repeated distillation there was 
no appreciable alteration in the melting point, clearly proving that 
even at the high temperature of the distillation, no change into a cis- 
modification takes place. When this lactone is melted and mixed 
with three times its volume of fuming hydrobromic acid (saturated at 
0°), it dissolves, but the solution suddenly becomes opaque and an oil 
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separates which begins to crystallise at once, the change from B-lactone 
to crystalline bromo-acid being apparently even more rapid than when 
the A-lactone is similarly treated (p. 1391). The product was mixed with 
water, the crystals collected, allowed to dry on a porous plate at the 
ordinary temperature, and then crystallised from light petroleum 
(b. p. 60—70°). On analysis : 


0°1520 gave 0°1212 AgBr. Br=33'8. 
C,H,,0,Br requires Br = 340 per cent. 


B-Bromohexahydro-aylic Acid melts at about 128° with decomposition, 
and is more readily soluble in light petroleum than the corresponding 
A-acid. It dissolves easily in sodium carbonate, and if the solution 
is boiled for a few minutes, then cooled and acidified, a crystalline pre- 
cipitate separates which, after crystallising from dilute acetic acid, melts 
at about 68° and consists of B-tetrahydro-xylic acid. 


0:1592 gave 0°4078 CO, and 0°1303 H,O. C=69'9; H=9°l. 
CH, ,0, requires C=70°1 ; H=9°1 per cent. 


B-Tetvahydro-xylic Acid is very sparingly soluble in cold water, but 
it may be crystallised from large quantities of boiling water ; its solu- 
tion in sodium carbonate instantly decolorises permanganate. 

When left in contact with fuming hydrobromic acid, it becomes soft 
but does not dissolve, and if after 2 hours water is added, a white, 
crystalline precipitate separates which crystallises from light petroleum 
in woolly needles melting at 128° and consisting of pure B-bromohexa- 
hydro-xylic acid. 


CHMe 


Al-Tetrahydro-xylic Acid,  Jottire and its conversion into 


Xo, H 
CHMe 


2-Bromohexahydro-xylic Acid,* Ci oe , and into Xylic Acid. 


CH-CO,H 


A!-Tetrahydro-xylic acid is structurally isomeric with the tetra- 
hydro-xylic acids, A, B, and D, and is the acid which is formed when 


* The only other formule possible for these acids are : 
CHMe CHMe 
CH Hy cH, te \cu, 


HA 70Me 7 \ enter: ! 
0°CO,H pp Senem 


CHLORIDE ON CAMPHORIC ANHYDRIDE. PART Il. 1395 


xylic acid is reduced with sodium and isoamyl alcohol, and when 
methyl a-bromohexahydro-xylate is hydrolysed with alcoholic potash 
(Bentley and Perkin, Trans., 1897, '71, 173; Lees and Perkin, this 
vol., 338), it melts at 107°. When it is mixed with fuming hydro- 
bromic acid, it does not readily dissolve, but the crystals are seen to 
undergo gradually a change in appearance. In order to ensure the 
reaction being complete, the mixture was sealed up in a tube and 
shaken from time to time, and after two days water was added, the 
crystals collected on the pump, and allowed to dry on a porous plate 
in contact with air. The substance then melted at about 124—125°, 
but after crystallising from light petroleum (b. p. 50—60°), colourless, 
glistening prisms were obtained which melted at 127° without decom- 
position. On analysis : 


0152 gave 0:1208 AgBr. Br=33°8. 
C,H,,0,Br requires Br = 34-0 per cent. 


When treated with sodium carbonate, 2-bromohexahydro-xylic acid 
shows quite a different behaviour from that observed in the case of the 
A, B, and D-bromohexahydro-xylic acids (pp. 1388, 1392, 1394). It 
dissolves at first in the sodium carbonate, forming a clear solution 
which then rapidly becomes cloudy, and an oil separates which is very 


readily volatile in steam, smells like a hydrocarbon, and is evidently 
tetrahydro-m-xylene. 


After boiling until the hydrocarbon was expelled, the clear solution 
gave on acidifying a colourless, crystalline precipitate which, when 
drained on a tile and dried at 90°, melted sharply at 107—108°, and 
evidently consisted of A!-tetrahydro-xylic acid. 

Action of Sulphuric Acid on A'-Tetrahydro-xylic Acid.—This acid 
dissolves in concentrated sulphuric acid, and when the solution is 
heated at 100° for 10 minutes, sulphur dioxide is rapidly evolved and 
the dark coloured liquid, on dilution with water, deposits a yellow, 
crystalline precipitate. This was collected, distilled, and recrystallised 
from dilute acetic acid, when colourless crystals were obtained which 
melted at 124° and consisted of xylic acid. It is therefore evident 
that, in its behaviour with hydrobromic acid and with sulphuric acid 
Al-tetrahydro-xylic acid shows the greatest similarity to the A, B, and 
D tetrahydro-xylic acids described in this paper. 


In conclusion we wish to express our thanks to Professors F. S. 
Kipping and W. J. Pope for many valuable suggestions that they 
were good enough to make during the course of this research. 
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We also wish to state that the cost of the large amount of material 
which was required in this research has been to a large extent 
defrayed by repeated grants from the Government Grant Fund of 
the Royal Society. 
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CXLVL—Brazilin and Hematoxylin. Part 1. 
By A. W. Ginzopy, W. H, Perkin, jun., and J. Yates. 


Brazit-woop, or Red-wood, which was originally imported from the 
East Indies, has been used in Europe for dyeing purposes from very 
early times and certainly before the discovery of America. 

Thus, about the year 1190, the Spanish writer Kimichi mentions dye- 
woods called Bresil or Brasil (from braza, fiery-red), and when the 
Spaniards discovered South America in 1500, it is probable that they 
named the northerly portion Brazil, after the dye-wood which is found 
there in such immense quantities. The Brazil-wood tree belongs to 
the Leguminose, species Cesalpinia, and is widely distributed in the 
Tropics, in the East Indies, South and Central America, the Antilles, 
and Africa. The most valued Brazil-wood (Fernambukholz, bois de 
Fernambouc) is obtained from Cesalpinia Crista and C. brasiliensis, large 
crooked trees, with knotty stems, which occur in great numbers in the 
forests of Brazil and Jamaica. 

The wood, which comes into the market in round blocks, is very 
hard and of a deep red colour ; when freshly cut, the colour is light 
yellow, but this rapidly changes to red in contact with the air. The 
crude material is rasped and extracted, either by simply boiling with 
water, or by heating with water under pressure, the liquid is then con- 
centrated in vacuum pans, the actual extract sent into the market 
varying very much in strength. 

Brazil-wood extract is still used in dyeing, but to a comparatively 
limited extent, owing to the fugitive character of the colours which it 
yields. It is fixed on the fibre usually in the form of its aluminium or 
tin lakes, which, although less brilliant and fast than the correspond- 
ing alizarine lakes, are somewhat similar to these in appearance. 

Brazilin, the actual colouring matter of Brazil-wood, often separates 
from the commercial extracts in the form of dark brown, crystalline 
crusts, and pure brazilin is comparatively easily obtained from this 
crude material by repeated recrystallisation from water containing @ 
small quantity of sulphurous acid, from which solution it separates in 
pale yellow prisms. ‘he first chemist to isolate brazilin in a crystal- 
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line form appears to have been Chevreul (Ann. Chim., 1808, [i], 68, 
225), but no attempt was made to determine its constitution until 
Bolley (Schweiz. polyt. Zeitsch., 1864, 9, 267) suggested the formula 
C..H90,, as the result of several analyses ; Kopp (Ber., 1873, 6, 446) 
subsequently repeated the analyses and considered the formula 
C,.H,,0, as more probable. It was, however, left to Liebermann and 
Burg (Ber., 1876, 9, 1883) to determine accurately the composition of 
brazilin, and the formula, C,,H,,0,, which they proposed is that 
which is used at the present day. The first important step which 
afforded any evidence of the constitution of brazilin is due to Kopp 
(loc. cit.), who showed that when submitted to dry distillation, this sub- 
stance yields, besides tar, considerable quantities of resorcinol and, 
indeed, the yield is so good that this method was for a long time used 
for its preparation. Before this, Bolley (/oc. cit.) had treated brazilin 
with nitric acid and obtained a yellow substance which he imagined to 
be picric acid, but which Reim (Ber., 1871, 4, 334) subsequently 
showed was trinitroresorcinol or styphnic acid, C,H(NO,),(OH),. 

At a somewhat later date, Liebermann and Burg (oc. cit.) showed 
that resorcinol is also produced in quantity when brazilin is fused 
with potash, and thus it was early recognised that brazilin is a deriv- 
ative of resorcinol. The same chemists also proved that brazilin 
contains four hydroxy-groups, since when treated with acetic anhydride 
it is converted into a crystalline, colourless, tetracetyl derivative, 
C,,H,,O(OAc),. This was subsequently confirmed by Dralle (Ber., 
1884, 1'7, 375) who, by treating brazilin with sodium methoxide 
and methyl iodide, obtained trimethylbrazilin, C,,H,,O(OMe),°OH, a 
substance which still contains a hydroxyl group, since it yields an 
acetyl compound and when heated in benzene solution with sodium 
and methyl iodide at 120° is converted into tetramethylbrazilin, 
C,gH,,0(OMe),. Of the four hydroxy-groups in brazilin, three are 
therefore easily methylated, whereas the fourth is not; for this 
reason it was assumed that whereas the three are aromatic or phen- 
olic, the fourth is alcoholic, and a further examination of the properties 
of brazilin has shown that this assumption is correct. 

When brazilin is oxidised, it loses two atoms of hydrogen and is 
converted into braztlein, 


C,,H,,0; + O = C,,H,,0, + H,0. 


This change takes place under various conditions; thus Liebermann 
and Burg (loc. cit.) obtained crude brazilein by exposing an alkaline 
solution of brazilin to the air and by treating an alcoholic solution of 
brazilin with iodine. Hummel and A. G. Perkin (Ber., 1882, 15, 
2343) prepared pure crystalline brazilein by passing air through a 
solution of brazilin in ammonia. Buckha and Erck (Ber., 1884, 17 
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685 ; 1885, 18, 1140) obtained brazilein by oxidising brazilin with 
small quantities of nitric acid, and Schall and Dralle (Ber., 1890, 23, 
1433) by treating its solution in glacial acetic acid with sodium 
nitrite. 

If air is passed through a solution of braziJin in dilute alkali for a 
considerable time, the purple colour of the solution gradually changes 
to a reddish-brown and the brazilein which is first produced is com- 
pletely oxidised. Schall and Dralle (Ber., 1888, 21, 3017 ; 1889, 22, 
1559 ; 1892, 25, 19), who first studied this oxidation, isolated from 
the product 8-resorcylic acid, 


and a substance, C,H,O,, which crystallised in needles melting at 
271° and contained two hydroxyl groups, since it yielded a diacetyl 
compound, O,H,0,(OAc),, and a dimethyl ether, C,H,O,(OMe),. 

This dimethyl ether, on treatment with acetic acid and perman- 
ganate, is oxidised to p-methoxysalicylic acid, C,H,(OMe)(OH)-CO,H, 
and on this account and also because the substance C,H,O, does not 
combine with hydroxylamine or phenylhydrazine, they first assigned to 


it the constitution 
oH NOH 9F79->0 
m foe 
Schall (Ber., 1894, 27, 528) afterwards suggested that this sub- 
stance, C,H,O,, might possibly be a phenyl-y-pyrone derivative of the 
formula 


and this view was subsequently proved by Feuerstein and Kostanecki 
(Ber., 1899, 32, 1025) to be correct. 

These chemists showed that when the dimethyl ether of this sub- 
stance is boiled with sodium ethoxide it is converted into fisetol 
dimethyl ether (Herzig, Monatsh., 1891, 12, 187) with elimination of 
formic acid, a decomposition which is evidently represented thus : 


. OH 
OMe CH or 9 OMe 


| tei, t | + H°CO,H. 


Dimethyl] ether of C,H,O,. Fisetol dimethyl ether. 
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‘This proof of the constitution of the substance O,H,O,, taken in 
connection with the results which had been obtained by Herzig 
(Monatsh., 1898, 19, 738) and by us (see below) led Feuerstein and 
Kostanecki (/oc. cit., p. 1028) to suggest the formula 


as probably representing the constitution of brazilin. 


Oxidation of Trimethylbrazilin with Potassium Permanganate. 


During the course of a long series of experiments on the con- 
stitution of brazilin and hematoxylin which have been in progress 
since 1883 and some of the results of which have lately been published 
as abstracts in the Proceedings (1899, 15, 27, 75, and 241 ; 1900, 16, 
105 and 107), we have carefully studied the behaviour of trimethy]- 
brazilin, C,,H,,O,(OMe),, with permanganate under very varied con- 
ditions. We obtained in this way, besides oxalic, acetic, and formic 
acids, the following important oxidation products, the investigation of 
which has thrown much light on the problem of the constitution of 
brazilin. 


A. An acid of the formula C,,H,,0,, m. 
\ ” C 
C. 9 C 
,ore 


In the present paper, the description and determination of the con- 
stitution of the acids B and C are given in detail, the investigation of 
the acids A and D, called brazilinic and brazilic acids respectively, and 
their decomposition products is not yet complete and will form the 
subject of a future communication. 

Examination of the Acid B of the Formula ©,)H,,0, and Melting 
Point 174°.—This acid crystallises from water in long needles; it is 
dibasic, since it yields a silver salt, C,,H,O,Ag,, it contains one 
methoxy-group, and when fused with potash is decomposed with 
formation of a substance which, since it gives with ferric chloride an 
intense violet coloration, is probably a derivative of resorcinol. 

When the aqueous solution of this acid is heated with water at 
200°, carbon dioxide is eliminated and a monobasic acid, O,H,,0, 
(m. p. 118°), is produced, and this behaviour, taken in conjunction 
with the fact that brazilin under various conditions yields p-methoxy- 
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salicylic acid, suggested to us that the constitutions of the two acids, 
C,,H,,0, and C,H,,0,, are very probably represented by the formula, 
OMe 0°CH,°CO,H OMef \O0°CH,°CO,H 
| CO.H 3 and : 
ken” shies 


2-Carboxy-5-methoxyphenoxy- m-Methoxyphenoxy- 
acetic acid. acetic acid. 


In order to prove these formule, we determined to attempt the 
synthesis of the acid C)H,,0, and ultimately succeeded in doing this 


by treating the sodium compound of resorcinol monomethy] ether with 
ethyl bromoacetate. ; 


OMe” 


ONa + BrCH,CO,Et = ne ae 


The m-methoxyphenoxyacetic acid, which was obtained by hydrolysing 
the product, melted at 118° and was identical with the acid C,H,,0, 
produced by heating the acid C,)H,,O,. There can therefore be no 
doubt that the latter is 2-carboxy-5-methoxyphenoxyacetic acid and has 
the constitution represented by the formula given above. 

Examination of the Acid C of the Formula C,)H,,O, and of Melting 
- Point about 195°.—This acid crystallised from its dilute aqueous solu- 
tion in flat prisms containing 2 mols. of water of crystallisation and 
from concentrated solutions it separated in long, thin needles which 
were anhydrous. It is a dibasic acid, yielding a silver salt, C,,H,O,Ag,, 
and an anhydride melting at 175°. When heated with hydrochloric 
acid at 180°, it was completely decomposed into carbon dioxide and 
catechol, and since it contains two methoxy-groups, its constitution 
must be represented by one of the formule 


CO,H 
OMe/ \00,H OMe’ \CO,H 
ome OMe )cO,H’ 

Hemipinic acid. m-Hemipinic acid. 


Since the melting points, or rather the decomposing points, of these 
two acids depend so much on the rapidity with which the determina- 
tion is made and the anhydrides melt at approximately the same tem- 
peratures, advantage was taken of the wide difference in the melting 
points of their ethylimides, (OMe),C,H,(CO),NEt, in order to dis- 
tinguish between them. Goldschmiedt (Monatsh., 1888, 9, 339) first 
showed that whereas the ethylimide of hemipinic acid melts at 98°, 
the corresponding derivative of m-hemipinic acid does not melt until 
230°. Experiment showed that the ethylimide of the acid from iti- 


ids, 


alee, 


he 
1is 
th 
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methylbrazilin melted at 230° and therefore there can be no doubt 
that this acid is m-hemipinic acid. 

The isolation of m-hemipinic acid and of catechol from the products 
of the oxidation of trimethylbrazilin is a result of great importance, 
since it proves that brazilin, besides being a resorcinol derivative, also 
contains a catechol nucleus. 

It should be mentioned, however, that shortly before the publication 
of this result (Proc., 1899, 15, 27), Herzig (Monatsh., 1898, 19, 738) 
had shown that when brazilin is fused with potassium bydroxide it 
yields a small quantity of an acid which he identified by its melting 
point and colour reaction with ferric chloride as protocatechuic acid, 
so that he was actually the first to discover that brazilin is a derivative 


of catechol. 


The Constitution of Brazilin. 


The isolation of 2-carboxy-5-methoxyphenoxyacetic acid and m-hemi- 
pinic acid from the products of the oxidation of trimethylbrazilin not 
only proves that brazilin contains both resorcinol and catechol nuclei, 
but the structure of these acids also affords most valuable evidence as 
to the way in which these two nuclei are linked together. If the formule 
of the two acids are written side by side without their methyl groups, 


0-CH,C0,H CO,H 
we siti (oH 
\ JB’ 
CO,H CO,H” 


eS 

VN 
it is clear that in the formula of brazilin these two nuclei must be 
united in the positions indicated by the dark lines. If now the 


skeleton formule of these two acids be written thus, 
O 

oH/ No 
\Ag¢ A 

it is at once evident that in constructing a constitutional formula for 
brazilin, C,,H,,0,, these two residues, which contain C,,, must be 
fused together in such a way that one carbon atom is common to both. 
Since it is known that in the centre portion, between the two nuclei, 
brazilin contains an alcoholic hydroxy-group, it seems to us that there 


can hardly be a doubt that one of the two following formule repre- 
sents the a oe of this substance, 
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It is obvious that neither formula ITI, first proposed by Gilbody and 
Perkin (Proc., 1899, 15, 75), nor formula IV, suggested by Feuerstein 
and Kostanecki (Ber., 1899, 32, 1028), 


OH 
on/\/\p—cn,/ or 


aCe: on \ “OU 2 oo 


"THT. 


can possibly represent brazilin, since neither of these gives any 
explanation of the formation of 2-carboxy-5-methoxyphenoxyacetic 
acid or of m-hemipinic acid by the oxidation of trimethylbrazilin, 
On the other hand, both formule I and II not only account in a satis- 
factory manner for the formation of these acids, but they are also in 
agreement with all the other ‘properties of brazilin which are known 
at the present time. 

The new formule, I and II, represent brazilin as a derivative of 
a tetrahydropheno-y-pyrone of the formula 


a group of atoms that does not appear to have been met with in any 
of the natural colouring matters hitherto investigated. These formule 
for brazilin are, nevertheless, very similar to those of some of the 
natural colouring matters and bear considerable resemblance especially 
to that of fisetin which Herzig (Monatsh., 1894, 15, 688) and 
Kostanecki (Ber., 1895, 28, v— have shown to have the constitution 


| 
LA OH 


“COkeOH: 

Herzig (Monatsh., 1901, 22, 209) has lately expressed the opinion 
that although the formation of 2-carboxy-5-methoxyphenoxyacetic 
acid and m-hemipinic acid from trimethylbrazilin practically proves the 
position of all the carbon atoms in the molecule, there is still no actual 
proof of the existence of a y-pyrone ring in brazilin. Since, however, 
Feuerstein and Kostanecki (/oc. cit.) have conclusively proved that the 
substance C,H,O, obtained by Schall (Zoc. cit.) by passing air, through 
an alkaline brazilin solution is a pheno-y-pyrone derivative of the 
formula 


gab’ -sos Ss > a ht 


oO 
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it appears to us that there can scarcely be a doubt that brazilin itself 
also contains a y-pyrone ring. 

As soon as it has been decided which of the formule I or II is to be 
accepted as representing brazilin, C,,H,,O,, the probable constitution of 
brazilein, C,,H,,O0,, may be deduced by assuming that the two hydrogen 
atoms which are removed in the conversion of the former into the 
latter are derived from the CH‘OH group and the hydroxy] group of the 
resorcinol nucleus. If formula I be taken as an example, the formula 


of brazilein deduced in this way would be 


O 
0:/ a 3 \oH-/ Nox 


CH | OH - 
oe clo 


This relationship between brazilin and brazilein can, however, not 
be considered proved until it has been found possible to reconvert the 
latter into the former by reduction. 


Preparation of Trimethylbrazilin, C,,.H,,0,(OMe),. 


The trimethylbrazilin required for this research was prepared by 
Schall and Dralle’s method (Ber., 1888, 21, 3009), but during the 
course of the preparation of several kilos. of the substance we found it 
advantageous to introduce slight modifications into the process, which 
we now conduct as follows. 

Brazilin (143 grams) is dissolved in the smallest possible quantity 
of hot absolute methyl alcohol, and mixed in a large flask connected 
with a reflux apparatus, with a solution of sodium (35 grams) in 
methyl alcohol, an operation which causes the separation of a mass of 
crystals, consisting probably of the trisodium compound of brazilin. 
A slight excess of methy! iodide (250 grams) is then added and after 
well mixing, the flask is immersed in a large water-bath and heated at 
60—65° day and night for 50 hours, the temperature being kept constant 
by a regulator and access of air avoided as far as possible by inserting 
a stopper of cotton wool into the open end of the condenser. The 
product is poured into about 6 litres of water, allowed to stand for 24 
hours, and the precipitate, after collecting on the pump and washing 
with water, is transferred to large flasks and extracted with warm 
ether until all the trimethylbrazilin has been dissolved. The ethereal 
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extract is shaken repeatedly with sodium hydroxide, dried over calcium 
chloride and evaporated to a small bulk, when on standing and even 
during the concentration, the trimethylbrazilin separates as a pale 
yellow, crystalline mass, which after washing on the pump with ether 
is almost pure and in this condition was used in all our experiments, 

During the extraction of the crude trimethylbrazilin with ether, 
the impurities first dissolve, the mass becomes more and more 
sparingly soluble, and ultimately a peculiar, brownish-violet residue 
is obtained, which closely resembles amorphous phosphorus in appear- 
ance and is*sapparently quite insoluble in ether. 

Although somewhat tedious, the purification with ether is much to 
be preferred, as the alternative method, namely, crystallisation from 
alcohol, is more wasteful and frequently does not give at once so 
pure a product. The yields we obtained usually from 1 kilo. of 
brazilin were 950 grams of crude product, which on extraction with 
ether yielded about 700 grams of trimethylbrazilin and 60 grams of 
the brownish-violet, insoluble residue, the remainder consists largely of 
dimethylbrazilin which is dissolved out during the treatment of the 
ether extract with sodium hydroxide, and partly of uncrystallisable resins 
remaining in the ethereal mother liquors of the trimethylbrazilin. 

A specimen of trimethylbrazilin which had been purified by recrys- 
tallisation from ether was analysed with the following results : 


0°1612 gave 0°4102 CO, and 0°0888 H,O. C=69°4; H=6'l. 
C,,H,,0,(O0Me), requires C=69°5 ; H=6:1 per cent. 


A methoxyl determination by Zeisel’s method gave the following 
result :— 


0°2121 gave 04631 AgIl. OCH,=29°1. 
C,,H,,0,(0Me), requires OH, = 28:2 per cent. 


Oxidation of Trimethylbrazilin with Potassium Permanganate. 


When ground up into a fine paste with water, trimethylbrazilin is 
slowly attacked at the ordinary temperature by permanganate and in 
our earlier experiments much material was oxidised in this way. A long 
series of comparative trials showed, however, that there was not much 
difference in the yield of acids produced at 15° and at 90°, and as oxida- 
tion is much more rapid at 90°, we have during the last two years 
worked almost entirely at this temperature. The oxidation is now 
carried out as follows. Trimethylbrazilin (10 grams) is ground up 
into an exceedingly fine paste with a little water, washed into a 4-litre 
flask with about 500 c.c. of hot water, and a cold saturated solution of 
potassium permanganate added in small quantities at a time, with re- 
peated shaking, the flask being heated during the whole operation on 
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the water-bath. As soon as the colour of the permanganate remains 
permanent for several minutes (which is the case after about 14 hours), 
the excess is destroyed by the addition of a little sodium sutphite, and 
the whole filtered on the pump by means of a Buchner funnel. 

The manganese precipitate is ground up with hot water and filtered 
again, and, after repeating this operation, the washings are added to 
the original filtrate, the whole nearly neutralised with hydrochloric 
acid and evaporated to a small bulk, first in an enamelled basin over 
the free flame and then on the water-bath. 

During this operation, a small quantity of a crystalline precipitate 
is usually deposited ; this was collected and found to consist of un- 
changed trimethylbrazilin. On acidifying the cold, slightly brownish- 
coloured liquid with hydrochloric acid, it becomes pink and deposits a 
red, resinous precipitate. This is extracted repeatedly with small 
quantities of chloroform. The chloroform solution is then dried over 
calcium chloride and evaporated, and the reddish-brown, resinous resi- 
due, which contains brazilinic acid and brazilic acid, treated as described 
on p. 1410. The aqueous solution, which had been extracted with 
chloroform, is saturated with ammonium sulphate and extracted at 
least 20 times with ether. The ethereal solution is then dried over 
calcium chloride and evaporated to a small bulk, when, on standing, it 
deposits a yellow, crystalline precipitate, which consists almost en- 
tirely of m-hemipinic acid and 2-carboxy-5-methoxyphenoxyacetic acid. 


22. 427 OMe/ \O0,H 
-Hemipinic Acid, 2 
ee OMe, //CO,H 


The crude mixture of m-hemipinic acid and 2-carboxy-5-methoxy- 
phenoxyacetic acid, obtained as just described, was recrystallised once 
from water with the aid of animal charcoal and then distilled under 
55 mm. pressure, when almost the whole quantity passed over at 172° 
as a yellow oil, which, on cooling, solidified and consisted of a mix- 
ture of m-hemipinic anhydride and 2-carboxy-5-methoxyphenoxyacetic 
acid. It was dissolved in the smallest possible quantity of boiling 
toluene and the crystals which separated on cooling and those ob- 
tained by concentrating the toluene filtrate, were finely powdered 
and extracted repeatedly with small quantities of dilute sodium 
carbonate. The insoluble m-hemipinic anhydride was then crystallised 
from toluene, from which it separated in pale yellow crystals melting 
at 175°, On analysis : 


01661 gave 0°3521 CO, and 0:0607 H,O. C=57'8; H=4-0. 
C,,H,O, requires C=57'7 ; H=3'8 per cent. 


This anhydride dissolves readily in dilute methyl alcoholic potash, 
VOL, LXXIX, 5 D 
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and if the solution is evaporated until free from the alcohol and then 
acidified, a woolly mass of needles separates, which, after washing with 
a little water on the pump, consists of pure m-hemipinic acid. On 
analysis : 

0°1168 gave 0°2272 CO, and 0°0481 H,O. C=53:0; H=45. 

C,)H,,0, requires C=53°1; H=4°4 per cent. 

A methoxyl determination by Zeisel’s method furnished the follow- 

ing result : 


0°3457 gave 0°6890 AgIl. OCH, =26°3. 
(OCH,),C,H,(CO,H), requires OCH, = 27°4 per cent. 


The pure m-hemipinic acid obtained in this way, when moderately 
rapidly heated, softens at 190° and decomposes quite sharply at 
194—195° into water and the anhydride, but other specimens pre- 
pared during this research, which had not been purified by conversion 
into the anhydride, showed a lower and much less sharp melting or de- 
composing point ; according to Goldschmiedt (Monatsh., 1885, 6, 380), 
m-hemipinic acid melts when rapidly heated at 179—182°, and as 
there is thus a slight discrepancy in the melting points, it became 
necessary to sharply characterise the acid from brazilin. 

In the first place, it was repeatedly noticed that the latter acid has 


the property of crystallising in two entirely different ways, thus, when 
it separates rapidly from a strong solution in hot water, it is obtained 
in needles which are anhydrous, but if its saturated aqueous solution 
is allowed to evaporate at the ordinary temperature, glistening prisms 
are deposited which contain 2 mols. of water of crystallisation, as the 
following determination shows : 


0°4371, at 100°, lost 00596 H,O H,O=13'8. 
C,,H,,0;,2H,O requires H,O = 13-7 per cent. 


This capability of crystallising in two such distinct forms is one of 
the characteristics of m-hemipinic acid. 

m-Hemipinethylimide, (OMe),C,H,(CO),NEt.—In order tobe quite 
certain that the acid was m-hemipinic acid, a small quantity was dis- 
solved in water, made strongly alkaline with ethylamine, evaporated to 
dryness, and the residue distilled from a small retort. The yellow, 
crystalline distillate separated from alcohol, in which it is very 
sparingly soluble, in yellow needles melting at 230° and consisted of 
pure m-hemipinethylimide. On analysis: 


0°2241 gave 11°9 c.c. nitrogen at 19° and 757 mm. N=6'l. 
C,,H,,0,N requires N =5-9 per cent. 


Goldschmiedt gives 230° as the melting point of the ethylimide of 
the m-hemipinic acid which he obtained from papaverine. 
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Formation of Catechol from m-Lemipinic Acid by the Action of 
Hydrochloric Acid.—This experiment was carried out before it was 
known that the acid obtained from trimethylbrazilin was m-hemipinic 
acid, The pure acid (2 grams) was heated in a sealed tube with con- 
centrated hydrochloric acid at 185° for an hour, when on opening the 
tube there was considerable pressure, and the gas which escaped burnt 
with a green edged fame and was doubtless methyl chloride. This 
gas also contained carbon dioxide, as was shown by leading it through 
baryta water. The contents of the tube were filtered from a few black 
specks, the filtrate extracted 10 times with ether, and the ether evapo- 
rated, when an oily residue was obtained, which on standing over 
sulphuric acid crystallised in large plates. The crystals were left in 
contact with a porous tile until quite dry and recrystallised from 
benzene with the aid of animal charcoal ; the colourless prisms thus 
obtained were analysed : 


0'1671 gave 0°4012 CO, and 0:0830 H,O. C=655; H=5°. 
C,H,O, requires C= 65°5 ; H=5'5 per cent. 


This substance melted at 104—105° and its solution in water gave 
with ferric chloride an intense green coloration, which on the 
addition of ammonium carbonate became first violet and then red. 
There can be no doubt that it is catechol, since a small quantity mixed 
intimately with an equal weight of a pure sample of catechol melted 
at 104°. It is therefore clear that m-hemipinic acid, when heated 
with hydrochloric acid at 185°, is decomposed according to the 
equation 


(OMe),C,H,(CO,H), + 2HCl = C,H,(OH), + 200, + 2MeCl. 


This decomposition had not previously been observed, and it is 
certainly remarkable that the two carboxyl groups attached to the 
benzene nucleus should be so easily and completely removed at this 
comparatively low temperature. When hemipinic acid is heated with 
hydrochloric acid at 170°, it behaves differently, protocatechuic acid 
being produced by the elimination of only one carboxyl group. 


OMe” 0:CH,*CO,H 


2-Carboxy-5-methoxyphenoxyacetic Acid, | 
yy 
The sodium carbonate solution, which had been separated from the 
m-hemipinic anhydride as described on p. 1405, gave, on acidifying, a 
crystalline precipitate, which was collected and purified by recrys- 
tallisation from water, from which it separated in long needles. On 
analysis : 


CO,H 
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0:1469 gave 0:2863 CO, and 0:0603 H,O. C=53:1; H=4'5. 
01912 ,, 03736 CO, ,, 00777 H,O. C=53:1; H=4-4, 
C,)H,,0, requires C=53°1; H= 4-4 per cent. 


2-Carboay-5-methoxyphenoxyacetic acid melts at about 174° and seems 
to have no tendency to form an anhydride, as is shown by the fact 
that even on distillation it passes over unchanged. It is very sparingly 
soluble in cold water, but dissolves readily on boiling; it is also 
sparingly soluble in ether, benzene, or light petroleum, but readily 
so in methyl alcohol, acetone, or warm acetic acid; from the last 
of these solvents, it separates on cooling in beautiful, colourless needles, 
When fused with potassium hydroxide, a product is obtained which, 
on acidifying and extracting with ether, yields a substance which gives 
the resorcinol reaction with ferric chloride, and this experiment was 
the first which afforded us any clue to the constitution of the acid. 
A determination of the methoxyl group by Zeisel’s method was made, 
with the following result : 


0°3784 gave 0°4133 AgIl. OCH, =14:40. 
CH,°0-C,H,(O°CH,°CO,H)-CO,H requires OCH, = 13°72 per cent. 


That this acid is dibasic was shown by titration with decinormal 
sodium hydroxide, when 0°2005 gram of the pure acid required for 
neutralisation 0°0708 gram NaOH, whereas this amount of an acid, 
C,)H 04, if dibasic, should neutralise 0-0709 gram NaOH. 

The salts of 2-carboxy-5-methoxyphenoxyacetic acid are sufficiently 
characteristic to be described in some detail. 

The silver salt, C,)H,O,Ag,, is obtained as a white, gelatinous pre- 
cipitate on adding silver nitrate to a slightly alkaline solution of the 
ammonium salt. On analysis: 


0°2565 gave 0°2538 CO,, 0°0455 H,O, and 0°1252 Ag. C=27°0; 
H=1:9; Ag=48'8. 
C,,H,O,Ag, requires C=27'°3; H=1°8; Ag=49-1 per cent. 


A slightly alkaline solution of the ammonium salt showed the fol- 
lowing characteristic behaviour with reagents : 

Calcium Chloride gives, in a moderately concentrated solution, a 
white, amorphous precipitate, which dissolves in warm water, but on 
boiling separates out again as a very sparingly soluble, amorphous 
substance. In weaker solutions, calcium chloride gives no precipitate 
in the cold, but the amorphous calcium ‘salt separates on boiling. 

Bariwm Chloride gives a white, amorphous precipitate which, on 
warming with water, dissolves, but when the solution is boiled, a very 
sparingly soluble salt separates in microscopic groups of needles. 

Copper Sulphate gives no immediate precipitate in the cold, but, on 
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standing, an insoluble copper salt slowly separates in pale blue needles ; 
the separation takes place at once on boiling the solution. 

Zinc Sulphate.—W hen this reagent is added to a moderately strong 
solution of the ammonium salt, the solution remains clear for a few 
seconds and then suddenly becomes cloudy, owing to the separation of 
an amorphous zinc salt. If a weak solution is mixed with zinc sul- 
phate and allowed to stand, the zinc salt separates slowly in groups of 
spherical individuals, which, seen under the microscope, closely 
resemble yeast cells, 

Magnesium Chloride gives no precipitate in the cold, but on boil- 
ing, a sparingly soluble salt gradually separates in four-sided plates. 


Me0/ 0-CH,"CO,H 
\4 


m-Methoxyphenoxyacetic Acid, 


When 2-carboxy-5-methoxyphenoxyacetic acid is heated in a sealed 
tube with water at 200—210° for 2 hours, decomposition takes 
place and on opening the tube carbon dioxide escapes. The solu- 
tion, which is nearly colourless, but contains carbonaceous specks 
in suspension, is filtered, concentrated, and allowed to stand, when 
crystals gradually separate, which are purified by recrystallisation 


from water. On analysis : 


0'1192 gave 0°2589 CO, and 0:0584 H,O. C=59'2; H=5r4. 
0187 , 0405900, , 00917 H,O. C=59'2; H=5°5. 
C,H, ,0, requires C=59°3 ; H=5'5 per cent. 


m-Methoxyphenoxyacetic acid softens at 115° and melts at 118°; 
it is only sparingly soluble in cold, but dissolves readily in hot, 
water. It has a great tendency to separate from its hot aqueous 
solution, on cooling, in oily drops, which take some time to solidify, 
but this may be avoided by keeping the solution moderately dilute 
and stirring continually with a glass rod on the sides of the beaker 
during cooling ; it is then obtained in the form of slender needles. 

Synthesis of m-Methoxyphenoxyacetic Acid.—In carrying out this 
synthesis, 25 grams of resorcinol monomethyl ether, OMe-C,H,°OH, 
which had been carefully freed from all traces of resorcinol by repeated 
fractional distillation, were dissolved in alcoholic sodium ethoxide (con- 
taining 5 grams of sodium), and the solution mixed with 35 grams of 
ethylic bromoacetate. On heating this mixture in a reflux apparatus on 
the water-bath, decomposition set in at once, and, after heating for 
2 hours, water was added, the whole extracted with ether, and the 
ethereal solution well washed until free from alcohol, dried over calcium 
chloride, and evaporated. The oily residue, after twice fractionating 
under reduced pressure, boiled constantly at 170° (24 mm.), and gave, 
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on analysis, numbers which show that it consisted of pure ethyl 
m-methoxyphenoxyacetate, OMe*C,H,°O-CH,°CO,Et. 


01545 gave 0°3545 CO, and 0°0946 H,O. C626; H=6'8. 
C,,H,,0, requires C=62°8 ; H=6°7 per cent. 


Hydrolysis. —When this ester (21 grams) was mixed with a filtered 
solution of 10 grams of potassium hydroxide in methyl alcohol, a good 
deal of heat was developed, and in a short time the mass became semi- 
solid, owing to the separation of a white, crystalline potassium salt, 
This was collected on the pump, washed well with methyl alcohol, and 
recrystallised from this solvent; it was thus obtained in colourless 
needles, which are very sparingly soluble in cold methyl alcohol, 
but readily soluble in water. The aqueous solution of this salt 
gave, on acidifying, an oily precipitate which rapidly solidified, and 
by carefully crystallising from water, colourless needles were obtained, 
which were analysed, with the following results : 


0°1840 gave 0°3998 CO, and 0°0932 H,O. C=59°3; H=5-6. 
C,H,,0, requires C=59°3 ; H=5°5 per cent. 


The m-methoxyphenoxyacetic acid thus obtained softened at 116° and 
melted at 118—119°; it is identical with the acid obtained from 
the 2-carboxy-5-methoxyphenoxyacetic acid from brazilin (see above), 
since an intimate mixture of the two preparations melted at the 
same temperature as the constituents. 


Brazilinic Acid, C,,H,,0,, and Brazilie Acid, C,,H,,0,. 


When the chloroform extract of the acidified. oxidation product of 
trimethylbrazilin (see p. 1405) is left for some days, it usually solidifies, 
but it was found impossible to obtain any crystalline products directly 
from it by treatment with organic solvents on account of the consider- 
able quantity of resinous matter which it contains; it may, however, 
be purified in the following way. 

The resinous mass obtained from each 10 grams of trimethylbrazilin 
is boiled with half a litre of water, filtered from a varying quantity of 
insoluble tarry matter, the filtrate evaporated to about 100 c.c., and 
allowed to stand for 2 or 3 days. The crystals which have then 
separated are collected on the pump, washed with water, and dissolved 
in a little glacial acetic acid, from which solution the brazilinic acid 
slowly separates in hard, colourless crystals. After recrystallisation, 
this acid melts at 208° and gives numbers on analysis agreeing with 
those required for the formula ©,,H,,0,. It therefore contains the 
same number of carbon atoms as trimethylbrazilin. 


or 
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0'1722 gave 0°3698 CO, and 0°0715 H,O. C=586; H=4°6. 
01928 ,, 0411200, ,, 0°0789H,O. C=582; H=4°6. 
C,,H,,0, requires C=58°5 ; H=4°6 per cent. 

The aqueous filtrate from the crude brazilinic acid is made slightly 
alkaline with sodium carbonate and evaporated to a small bulk, when, 
on standing, crystals of the sparingly soluble sodium salt of brazilic 
acid gradually separate. This salt is collected on the pump and 
recrystallised twice from water, from which it separates in 
satiny plates. It is then dissolved in water and acidified and the 
voluminous, needle-shaped crystals of the free acid are collected on the 
pump and purified by crystallisation from water. Brazilic acid melts 
at 129° and is readily soluble in hot, but only sparingly so in cold, 
water. On analysis : 

0'1337 gave 02788 CO, and 0°0640 H,O. C=569; H=5:3. 

01431 ,, 03003 CO, , 0°0623 H,O. C=572; H=4%. 

C,,H,,0, requires C=57'2; H=4°8 per cent. 
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The amount of brazilinic acid obtained by the oxidation of trimethyl- 
brazilin is considerable, 1 kilo. yielding about 50 grams of the pure 
acid. On the other hand, brazilic acid is only produced in very small 
quantities, the average yield being about 7 grams from this quantity 
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of trimethylbrazilin. Both these acids are, at the present time, being 
subjected to a careful examination, and it is hoped that the results 
which are being obtained will throw much further light on the ques- 
tion of the constitution of brazilin. 


We wish at this stage to express our thanks to the Government 
Grant Committee of the Royal Society for the repeated grants which 
they have given us in aid of this work. 
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—— —— n-decanedicarboxylic acid, T., 
1197 ; P., 1901, 188. 

Wechsler, Eikan. See Raphael Mel- 
dola. 

Wharton, Frederick Malcolm. See Percy 
Faraday Frankland. 

Whiteley, C. £. See Julius Berend 
Cohen. 


Wilkinson, Z. J. See Arthur George 
Perkin. 


Wilson, Leonard Philip. See Henry 
Edward Armstrong. 
Wragg, Lrnest. See Siegfried Ruhe- 


mann. 
Wynne, William Palmer, the chlorina- 
tion of toluene, P., 1901, 116. 


Y. 


Yates, J. See William Henry Perkin, 
jun.,and Alexander William Gilbody. 

Young, George, and William Eyre, oxid- 
ation of benzalthiosemicarbazone, T., 
54; P., 1900, 188. 

Young, George, and William Henry 
Oates, contribution to the chemistry of 
the triazoles; 1-methyl-5-hydroxytri- 
azoles, T., 659; P., 1901, 86; discus- 
sion, P., 87. 
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TRANSACTIONS. 


1901. 


(Marked T.); and to Proceedings of the Session 1900—1901; 
Nos. 227 to 240, Nov., 1900—June, 1901 (marked P.). 


A. 


Absorption of oxygen by yeast (HARDEN 
and RowLanp), T., 1231 ; P., 1901,189. 
Absorptive power of dilute solutions of 


salts of the alkali metals for am- | 
monia (DAWson and McCragz), T., | 


493; P., 1901, 5. 

of dilute solutions of salts of the 
alkaline earth metals for ammonia 
(Dawson and McCrag), T., 1069 ; 
P., 1901, 177. 

Acetaldoxime, action of alkyl iodides on 
(DuNsTAN and GouLpinc), T., 635; 
P,, 1901, 84. 

Acetamide, action of acetic and benzoic 

chlorides on (TITHERLEY), T., 411; 
P., 1901, 31. 

sodium, action of alkyl iodides, acid 
chlorides and bromoamides on 


(TITHERLEY), T., 392; P., 1901, | 


29. 
sodium bromide and iodide (TirHER- 
LEY), T., 413; P., 1901, 31. 
Acetamides, alkyl substituted, and their 
hydrochlorides and sodium derivatives, 
preparation of (TITHERLEY), T., 400 ; 
P., 1901, 30. 
Acetanilide, alkylation of (LANDER), T., 
691; P., 1901, 60. 
chlorination of (CHATTAWAY and Or- 
TON), T., 469; P., 1901, 39. 
Acetanilide, isomeric chlorobromo-de- 


Aceto-a- and -8-naphthalides, alkylation 
of (LANDER), T., 697; P., 1901, 59. 
Acetonylacetone, physical constants of, 

and action of mineral acids and 
alkalis on (Gray), T., 681; P., 
1901, 89. 

condensation of, with hydrazine hydr- 
ate (Gray), T., 682; P., 1901, 90. 

Acetophenoneoxime, action of alkyl 
iodides on (DUNSTAN and GOULDING), 
T., 637; P., 1901, 84. 

Aceto-o- and -p-toluidides, alkylation of 
(LANDER), T., 693; P., 1901, 59. 

Acetoxime, action of alkyl iodides on, in 
presence of sodium methoxide (Dun- 
STAN and Gounpine), T., 630; P., 
1901, 84. 

1-Acetoxy-2-benzoylcamphene (For- 
STER), T., 1002. 

Acetoxymethylfurfural (FENTON and 
GosTLInG), T., 810; P., 1901, 119. 

2-Acetylaminophenol, 4:6-dinitro- (MEL- 
DOLA and WECHSLER), P., 1900, 180. 

Acetylation ofarylamines (SUDBOROUGH), 
T., 583; P., 1901, 45. 

Acetylbromoaminochlorobenzenes 
(CHATTAWAY and Orton), T., 819; 
P., 1901, 124. 

Acetyl-bromo- and -chloro-amino-2:4-di- 
chlorobenzenes, action of, of amines 
and phenylhydrazine (CHATTAWAY 
and Orton), T., 461; P., 1901, 38. 


| Acetyl-bromo- and -chloro-aminochloro- 


rivatives of (CHATTAWAY and Or- | 


TON), T., 816; P., 1901, 124. 

2:5- and 4:3-chlorobromo- (CHATTA- 
way and Orton), T., 466; P., 
1901, 39. 


bromobenzenes (CHATTAWAY and 
Orton), T., 816; P., 1901, 124. 

Acetylchloroaminobenzene, Le ey 
of (CuaTraway and Orton), T., 277 ; 
P., 1900, 231. 


chlorodibromo- and dichlorobromo- | Acetylchloroaminobromobenzenes 
derivatives of (HuRTLEY), T., 1295; | 


P., 1901, 192. 


| 
\ 


(CHATTAWAY and Onrron), T., 820; 
P., 1901, 124. 
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Acetylchloroamino-2:4-dichlorobenzene, 
preparation of (CHATTAWAY and 
Orton), T., 280; P., 1900, 231. 

Acetylchlorogalactose, preparation of 
(Ryan and Mitts), T., 704; P., 1901, 
90. 

Acetylene, production of (Bone and 

JERDAN), T., 1042; P., 1901, 162. 
decomposition of, at high temperatures 
(BonE and JerRDAN), P., 1901, 165. 

Acetylmethylanilide, 4-chloro- (CHart- 
TAWAY and Orton), T., 465; P., 
1901, 39. 

Acid, C,H,O,, from Coriaria angustissima 
(EASTERFIELD and Aston), T., 
123; P., 1900, 211. 

CyH,,0,, and C,H,,0;, from the 
oxidation of tetrahydro-xylic acids 
(PERKIN and YATEs), T., 1389. 

CigH 03, and C,gH;,0;, from the 
action of fused potash on dihydr- 
oxystearic acid, and the diamide, 
amicacid,and acetyl anhydride, salts 
and ethyl ester of the latter acid 
(LE Sueur), T., 1314: P., 1900, 91. 

Acids, soluble in dilute alcohol, from 
gum tragacanth (O’SULLIVAN), T., 
1176; P., 1901, 156. 

method! of determining the relative 
affinities of (FENTON and JoNEs), 
T., 92; P., 1900, 205; 1901, 24. 

fatty, benzoylation of, in presence of 
ammonia (Orton), T., 1351; P., 
1901, 200. 

Acylarylamines, alkylation of (LANDER), 
T., 690; P., 1901, 59. 

Address to His Majesty the King and 

his reply ; P., 1901, 20, 53. 
congratulatory, to Glasgow University, 
P., 1901, 161. 
to Professor Markownikoff and his 
reply, P., 1901, 1, 83. 

presidential (THorPE), T., 871; P., 
1901, 70. 

Adipic acid (butanedicarboxylic acid), 
preparation of (MELLoR), T., 130; 
P., 1900, 215. 

Affinity, change of position of free, in 
dissociated groups (LAPwWorRTH), T., 
1266; P., 1901, 93. 

of acids, method of determination of 
the relative (FENTON and JoNgss), 
T., 92; P., 1900, 205; 1901, 24. 

Aldehydes, formation of amides from 
(PICKARD and Carrer), T., 520; P., 
1901, 45. 

Aldoximes, action of alkyl haloids on 
(DuNnsTAN and Gounpine), T., 628; 
P., 1901, 84. 

Alkyl haloids, action of, on aldoximes 
and ketoximes (DunsTAN and GouLp- 
ING), T., 628; P., 1901, 84. 
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Alkylation of acylarylamines (LANDER), 
T., 690; P., 1901, 59. 

—— sodium, action of, on benzo- 
phenone chloride and on benzylidene 
chloride (MACKENZIE), T., 1206; P., 
1901, 150. 

Alkyls, displacement of, from phenols 
by nitration (LARTER), P., 1901, 183. 

Alloys, action of ammonia on, at high 
temperatures (BEILBY and HENDER- 
son), T., 1245; P., 1901, 190. 

Allylphenylcarbamide, B-chloro- 
(Drxon), T., 558; P., 1901, 49. 

Allylthiocarbimide, 8-chloro-, action of 
ammonia, aniline, benzylamine, benzyl- 
aniline, phenylhydrazine, piperidine, 
and o- and p-toluidine on (Drxon), 
T., 554; P., 1901, 49. 

Allylthiohydantoin, chloro- (Drxon),T., 
556; P., 1901, 49. 

Alpinia officinarwm, colouring matter 
from (PERKIN), P., 1901, 87. 

Aluminium mercury couple, use of, as a 
halogen carrier (COHEN and DakIN), 
T., 1111; P., 1901, 91. 

Aluminium chloride, action of, on cam- 
phoric anhydride (LzEs and Prr- 
KIN), T., 332; P., 1898, 111; 1899, 
23; 1900, 18 ; (PERKIN and YarzEs), 
T., 1373. 

action of, on zsolauronolic acid (LEEs 
and PERKIN), T., 356. 
Amides, formation of (Orron), T., 1351; 
P., 1901, 200. 
formation of, from aldehydes (Pick ARD 
and CarTER), T., 520; P., 1901, 45. 
substituted, preparation of, from the 
corresponding sodamides (TITHER- 
LEY), T., 391; P., 1901, 29. 

Amines, preparation of, from sodamides, 
by means of potassium alkyl sul- 
phates (TIrTHERLEY), T., 399; P., 
1901, 30. 

action of acetylbromo- and acetyl- 
chloro-amino-2:4-dichlorobenzenes 
on (CHATTAWAY and Orton), T., 
461; P., 1901, 38. 

secondary, formation of (DUNSTAN 
and GouLDING), T., 639 ; P., 1901, 84. 

Amino-compounds, optical inversion of 
(Pope and Harvey), T., 85; P., 
1900, 206. 

Ammonia, vapour pressure of aqueous 
solutions of (PErMAN), T., 718; P., 
1901, 46. 

influence of sodium sulphate on the 
vapour pressure of aqueous solutions 
of (PERMAN), T., 725 ; P., 1901, 47. 

distribution of, between chloroform 
and water, effect of alkali salts on 
the (Dawson and McCrae), T., 
493; P., 1901, 5. 
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Ammonia, distribution of, between 
chloroform and aqueous solutions of 
the salts of the alkaline earths 
(Dawson and McCraz), T., 1069 ; 
P., 1901, 177. 

distribution of, between chloroform 
and water, and aqueous copper 
sulphate and chloroform at varying 
temperatures (Dawson - and 
McCrRAE), T., 1072; P., 1901, 178. 

action of, on alloys and on metals at 
high temperatures (BEILBY and 
HENDERSON), T., 1245; P., 1901, 
190. 

action of, on B-chloroallylthiocarbimide 
(Dixon), T., 554; P., 1901, 49. 

action of, on oxalacetic acid (FENTON 
and JonEs), T., 96; P., 1900, 205. 
Ammonium salts, combination of, with 
ammonia in aqueous solution (DAw- 
son and McCrag), T., 501; P., 
1901, 6. 
Ammonium bromide, equivalent of 
(Scorr), T., 147 ; P., 1900, 204. 
chloride, equivalent of (Scorr), T., 
154; P., 1900, 205. 

nitrilosulphate (Divers and Haga), 
T., 1094; P., 1901, 164. 

and ammonium barium imidosulphites 
(Divers and Ogawa), T., 1099; P., 
1900, 113; 1901, 163. 

Amyl alcohol, esterification of, by 
nitrophthalic acid and anhydride 
(McKEnzIE), T., 1139; P., 1901, 
186 


Amy] ethers and esters, rotation of certain 
(Guyk), T., 475; P., 1901, 48. 
nitrite, action of, on o- and p-nitro- 
toluenes, in presence of sodium 
ethoxide, and on ethyl crotonate 
ea T., 1274; P., 1900, 
09. 


a-Amylanhydracetonebenzil (Japp and 
MELDRUM), T., 1041; P., 1901, 176. 
2-d-Amyl- and  2-isoAmyl-3-nitro- 
phthalic acids (McKENzi1z), T., 1137 ; 
P., 1901, 186. 
Anhydracetonebenzil, homologues of 
(Japp and Metprum), T., 1024; P., 
1901, 174. 
Anhydrodimethyltetramethylenetri- 
— acid (PERKIN and THORPE), 
-» 770. 
Aniline, acetylation of (SuDBOROUGH), 

T., 536; P., 1901, 45. 

and its mono-, di-, and tri-substituted 
derivatives, action of acetylchloro- 
amino-2:4-dichlorobenzene on 
(CHaTtraway and Orton), T., 464 ; 
P., 1901, 38. 

action of, on B-chloroallylthiocarbimide 
(Dixon), T., 557; P., 1901, 49. 
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Aniline, action of, on oxalacetic acid 
(FenTON and Jongs), T., 97; P., 
1900, 205. 

interaction of, with p-tolylurethane 
(Drxon), T., 104; P., 1900, 208. 
Aniline, 2:6-dibromo-, acetylation of 
(SupBoRovGB),T., 541; P., 1901,'45. 
o-chloro-, preparation of (CHATTAWAY 
and Orton), T., 469; P., 1901, 39. 
isomeric chlorobromo-derivatives of 
(CHaTTAWAY and Orton), T., 
816; P., 1901, 124. 
formation of (CHATTAWAY and OR- 
TON), T., 822; P., 1901, 125. 
chlorodibromo- and dichlorobromo- 
derivatives of (HuURTLEY), T., 1295 ; 
P., 1901, 192. 

Anilines, replacement of bromine by 
chlorine in (CHATTAWAY and 
Orton), T., 822; P., 1901, 125. 

Anilinophenylthiodiazole and its silver 
derivative (Youne and Eyre), T., 60 ; 
P., 1900, 189. 

Anilinophosphoryl chloride 
P., 1901, 27. 

Anilino-p-toluido-phosphoric acid, ethyl 
ester, and -phosphoryl chloride 
(CAVEN), P., 1901, 26. 

o-Anisidine, nitro-derivatives and their 
benzoyl derivatives, constitution of 
(MELDOLA and Eyre), P., 1901, 133. 

4:5-dinitro-, constitution and diazotisa- 
tion of (MeLpoLa and Eyre), T., 
1076; P., 1901, 131, 185. 

Anisole, 3:4:6-triamino-, and its acetyl 
derivative, and the diphenylazines 
from (MELDOLA and Eyre), T., 1076; 
P., 1901, 131, 185. 

Anniversary dinner, P., 1901, 75. 

Annual General Meeting, T., 871; P., 
1901, 70. 

l-Arabinose, action of Bacillus coli com- 
munis on (HARDEN), T., 624; P., 
1901, 58. 

Arsenic, modification of Gutzeit’s test for 
(Dowzarn), T., 715; P., 1901, 92. 
Arylamines, acetylation of (Sup- 

BoRoUGH), T., 533; P., 1901, 45. 

Asparaginic acid, reduction of, by 
Bacillus coli communis, in presence 
of glucose and mannitol (HARDEN), 
T., 623; P., 1901, 58. 

Atomic weight of lanthanum (BRAUNER 

and PAVLicEeK), P., 1901, 63. 
of neodymium) (BRAUNER), P., 1901, 
66 


(CAVEN), 


of nitrogen (Scorr), T., 147; P., 1900, 
204. 

of praseodymium (BRAUNER), P.,1901, 
65 


Atoms, theory of the behaviour of 
(MARTIN), P., 1901, 169. 
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Autofermentation. See under Ferment- 
ation. 

Azelaic acid (heptanedicarboxylic acid) 
(LE SuEuR), T., 1814; P., 1900, 91. 
Azobenzene, _2:4:6:2':4’:6’-hewachloro- 
(CHATTAWAY and Orton), T., 467; 

P., 1901, 39. 


Bacillus coli communis, action, of, on 
carbohydrates and on formates and 
lactates (HARDEN), T., 610; P., 
1901, 57. 

pyocyaneus, gases produced by (PAKES 
and JoLLYMAN), T., 325; P., 1900, 
189. 

typhosus, action of, on carbohydrates 
(HARDEN), T., 610; P., 1901, 57. 

Bacteria, action of, on carbohydrates 

(HARDEN), T., 610; P., 1901, 57. 

decomposition of formic acid by (PAKES 
and JOLLYMAN), T., 386; P., 1901, 
29. 

action of, on formates in presence of 
nitrates (PAKES and JOLLYMAN), 
T., 459; P., 1901, 39. 

gases produced by, from certain media 
(PAKES and JOLLYMAN), T.; 322; 
P., 1900, 189. 

Balance Sheet of the Chemical Society, 
March, 1901, and of the Research 
Fund, March, 1901. See Annual 
General Meeting, T., 885. 

Barium bromide and chloride, combina- 
tion of, with ammonia in aqueous 
solution (DAwson and McCraz), 
T., 1070; P., 1001, 177. 

nitrilosulphate (Divers and Haga), 
T., 1099; P., 1901, 164. 

ammonium imidosulphite (Divers and 
Ocawa), T., 1102; P., 1901, 164. 

Bases, in Scottish shale oil (GARRETT 
and SmyTHE), P., 1900, 190. 

Bassoric acid and Bassorin (O’SULLI- 
vAN), T., 1177; P., 1901, 156. 

Benzal-. Sce Benzylidene-. 

Benzaldehyde, condensation of, with 
phenyl ethyl ketone (Ase), T., 
928; P., 1901, 128. 

nitrotolylhydrazone (Porr and Hrirp), 
T., 1143; P., 1901, 186. 

Benzamide, sodium, action of alkyl 
iodides, acid chlorides, halogen deriv- 
atives of esters and bromoamides on 
(TITHERLEY), T., 393; P., 1901, 29. 

Benzamides, alkyl substituted, and their 
hydrochlorides, and sodium deriv- 
atives, preparation of (TITHERLEY), 
T., 403 ; P., 1901, 30. 

Benzanilide, alkylation of (LANDER), T., 
698; P., 1901, 59. 
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Benzene, chlorination of, in presence 
of the mercury aluminium couple 
(COHEN rag Sere T., 1118; 
P., 1901, 91. 

chlorodibromo- and dichlorobromo- 
derivatives of (HURTLEY), T., 1293; 
P., 1901, 191. 

trinitro-, additive compounds of, with 
a- and 8-naphthylamine, and their 
acetyl derivatives (SupBoRovGH), 
T., 525; P., 1901, 44. 

Benzeneazo-o-bromo-p-cresol, and _ its 
acetyl and benzoyl derivatives (Hzw- 
Itt and Puruips), T., 160; P., 1900, 
223. 

Benzeneazo-p-cresol and o-, m- and p- 
bromo-, and their acetyl and benzoyl 
derivatives (HEWITT and PHILLIPs), 
T., 160; P., 1900, 223. 

Benzeneazo-o-nitrophenyl ethyl ether 
(Hewitt and LINDFIELD), T., 159; 
P., 1900, 222. 

Benzeneazo-o-nitrosalicylic acid, and its 
methyl and ethyl esters (HEWITT and 
Fox), T., 50; P., 1900, 189. 

Benzeneazosalicylic acid, nitration of, 
and the ethyl ester of the p-nitro- 
derivative ‘eis and Fox), T., 49; 


P., 1900, 189. 
Benzene-1:3;5-tricarboxylic acid. See 


Trimesic acid. 
Benzenoid amines and their acetyl and 
formy] derivatives, relation between 
hysical constants and constitution 
in (GorRDAN and Limpaca), T., 
1080; P., 1901, 154. 
isomeric change and meta-substitution 
in (LAPworTH), P., 1901, 2. 
primary, interaction of, with urethanes 
(Drxon), T., 102; P., 1900, 207. 

Benzil, condensation of, with dibenzyl 
ketone (HENDERSON and CorsToR- 
PHINE), T., 1256; P., 1901, 190. 

Benzoic acid, 2:3:5-trichloro-, and its 

amide, chloride, nitrile, salts, ethyl 
ester and mono- and di-nitro-deriva- 
tives (Matruews), T., 48; P., 
1900, 187. 

trinitro-, ethyl ester, additive com- 
pounds of, with a- and 8-naphthyl- 
amine (SuDBoRovUGH), T., 531; P., 
1901, 44. 

Benzonitrile hexachloride, interaction of, 
with alcoholic soda and with quinoline 
(Matruews), T., 44; P. 1900, 187. 

Benzophenone, action of ethyl alcohol 

and of alcoholic hydrogen chloride 
on (MACKENZIE), T., 1210; P., 
1901, 150. 

chloride, action of sodium alkyloxides 
on (MACKENzIE), T,, 1206; P., 1901, 
150, 
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Benzo-y-pyronecarboxylic acid and 
its ethyl ester and the action of am- 
monia on (RUHEMANN and BaAvsor), 
T., 471; P., 1901, 40. 

1-Benzoxy-2-benzoyleamphene and the 
action of aniline, phenylhydrazine, 


sulphuric acid and of alcoholic potash | 
on (ForsTER), T., 991; P., 1901, | 


167. 

Benzoxymethylfurfural (FENTON 
GosTLING), T., 811; P., 
119. 

p-Benzoxyphenylacetamide (Orton), T., 
1354; P., 1901, 200. 

Benzoylacetic acid, esters, action of ethyl 
iodide and dry silver oxide on (LAN- 
DER), P., 1901, 59. 

p-Benzoylaminophenylacetic acid and 
its amide (OrToN), T., 1353; P., 
1901, 200. 

Benzoylation of fatty acids in presence 
of ammonia (ORTON), T., 1351; P., 
1901, 200. 

a-Benzoyleamphor and its isomeride 
(ForsTER), T., 987; P., 1901, 167. 

Benzoylchloroaminobenzene, preparation 
of (CHATTAWAY and Orton), T., 279; 
P., 1900, 231. 

Benzoylmandel-amide and -methylamide 
(Orton), T., 1354; P., 1901, 200. 

Benzoyl-4-methylsemithiocarbazide 
(Youne and OarTeEs), T., 667; P., 
1901, 86. 

Benzyl cyanide. See Phenylacetonitrile. 

Benzylamine, action of, on 8-chloroally]- 
thiocarbimide (Dixon), T., 559; P., 
1901, 49. 

Benzylaniline, action of, on §-chloro- 
allylthiocarbimide (Dixon), T., 558; 
P., 1901, 49. 

Benzylhydrindamine and its isomeric 
bromocamphorsulphonates and picrate 
(Kippinc and Hatt), T., 484; P., 
1901, 37. 

Benzylidene chloride, action of sodium 
alkyloxides and of phenol on (Mac- 
KENZIE), T., 1212; P., 1901, 150. 

Benzylidene-a-methyl-, -a-ethyl-, -a- 
propyl-, and -a-amyl-anhydracetone- 
benzils (JApp and MeEtprum), T., 
1030; P., 1901, 175. 

Benzylidene-2-methylsemicarbazone and 
m-nitro- (YOUNG and Oars), T., 662; 
P., 1901, 86. 

Benzylidene-4-methylsemithiocarb- 
azone, oxidation of, with ferric chloride 
re and Eyre), T., 59; P., 1900, 

8. 

Benzylidene-4-phenylsemithiocarb- 
azone, oxidation of, with ferric chloride 
— and Eyre), T., 60; P., 1900, 


and 


1901, 


| Benzylphenyl-. 
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Benzylidenepropiophenone and its di- 
bromide and phenylhydrazone and its 
condensation with phenyl ethyl ketone 
(ABELL), T., 932; P., 1901, 128. 

Benzylidenesemicarbazide (HoLroyp), 
T., 1326; P., 1901, 197. 

Benzylidenesemithiocarbazone, oxida- 
tion of, by ferric chloride (Youne and 
Eyre), T., 54; P., 1900, 188. 

See Phenylbenzyl-. 

Bignonia Tecoma, colouring matter of 
(LEE), T., 284; P., 1901, 4. 


| Blowpipe, a kerosene oil (RICHARDSON), 


| Borides, 


P., 1901, 151. 
metallic, new (TUCKER and 
Moopy), P., 1901, 129. 


| Boron hydrides (RaAMsAy and Har- 


FIELD), P., 1901, 152. 

n-Brassylic acid, synthesis of (WALKER 
and LumspDEN), T., 1196. 

Brazilic and Brazilinic acids (GILBopy, 
PERKIN, and Yarss), T., 1899; P., 
1899, 27, 75, 241 ; 1900, 105. 

Brazilin, constitution of (GrLBopy, 
Perkin, and Yates), T., 1896; P., 
1899, 27, 75, 241; 1900, 105. 

Bridged rings, synthetical formation of 
(PERKIN and THoRPE), T., 729; P., 
1900, 149 ; 1901, 110. 

Butanedicarboxylic acids. 
Adipic acid. 
Dimethylsuccinic acid. 
Ethylsuccinic acid. 
Methylglutaric acid. 
Propylmalonie acid. 

isoButyl alcohol, influence of, as 
solvent, on the rotation of ethyl 
tartrate (Parrerson), T., 478; P., 
1901, 40. 


See :— 


C. 
Calcium chlorate, decomposition of 
(SopEAU), T., 247; P., 1900, 209. 
chloride, combination of, with ammonia 
in aqueous solution (DAWson and 
McCragz), T., 1069 ; P., 1901, 177. 

Callitrolic acid and its lactone (HENRY), 
T., 1158; P., 1901, 187. 

Camphanamic acid and the action of 
sodium hypobromite and sodium 
hydroxide on (LAPwortH and LEn- 
TON), T., 1290; P., 1901, 38. 

Camphanamide, preparation of, and 
action of dehydrating agents on (Lap- 
worTH and LENTON), T., 1289; P., 
1901, 38. 

Camphane, 1-bromo-1-nitro-, hydroxyl- 
amine derivative of, its salts and 
carbamide and benzoyl derivatives, 
and the action of caustic and 
of nitrous acid on, and oxidation 
of (ForsTER), T., 654; P., 1901, 88. 
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Camphane, 2-bromo-1-nitro-, 1:2-di- 
bromo-l-nitro-, and 2-iodo-1-nitro- 
(ForsTER), T., 647; P., 1901, 85. 

Camphane anhydride, 1:1-chloronitro-, 
and its isomeride and benzoyl and 
nitro-derivatives, and hydroxylamino- 
derivative and its benzoyl compound 
(ForsTER and Ropertson), T., 1006; 
P., 1901, 169. 

Camphanic acid, constitution of (Lap- 
wortH and LENTON), T., 1284; P., 
1901, 37. 

Camphanonitrile, and the action of 
alkalis on (LAPWORTH and LENTON), 
T., 1291; P., 1901, 38. 

Camphene, l-amino-, and its salts and 
benzoyl, benzylidene, and _ phenyl- 
carbamide derivatives, and 1-nitro- 
(Forster), T., 646; P., 1901, 85. 

Campherol (PERKIN and WILKINSON), 
P., 1900, 182; (PERKIN), P., 1901, 87. 

Campholytic acid, constitution of (Fors- 
TER), T., 110. 

Camphonic acid, formula of (LAPWORTH 
and Lenton), P., 1901, 148. 

Camphononic acid, formation of (Lap- 
WoRTH and LENTON), T., 1287; P., 
1901, 38. 

formula of (LAPWoRTH and LENTON), 
P., 1901, 149. 

Camphor, a-bromo-, racemisation of 

(Krprrna), T., 370; P., 1901, 32. 

a-dibromo-, constitution of the acids 
from, and the action of moist silver 
compounds on (LAPWoRTH and 
LENTON), P., 1901, 148. 

Camphorenic acid, bromo-, formula of 
(LarwortHand LENTOoN), P.,1901,148. 

Camphoric anhydride, action of alu- 
minium chloride on (LEEs and 
PERKIN), T., 332; P., 1898, 111; 
1899, 23; 1900, 18; (PERKIN and 
YatEs), T., 1373. 

bromo-, constitution of (LAPWoRTH 

and LENTON), T., 1284; P., 1901, 38. 

isoCamphoronic acid, synthesis of (PER- 
KIN), P., 1900, 214. 

Camphorquinone, preparation of, and its 
p-bromophenylhydrazone and semi- 
carbazone (LAPWORTH and CHAPMAN), 
T., 380; P., 1901, 28. 

Camphor-a- and -a’-sulphonic acids and 
their amides, anilides, bromides, chlor- 
ides, and piperidides, and bromo- and 
chloro-derivatives (ARMSTRONG and 
Lowry), P., 1901, 182. 

Cane-sugar. See Sucrose. 

Carbamide, o-tion of, on oxalacetic acid 
(FENTON and Jonzs), T., 96; P., 
1900, 205. 

nitro-, electrolytic reduction of (HoL- 
royp), T., 1326; P., 1901,197. 


grt sys gp ee 

diamine (SENIER and Goopwiy), T., 
260 ; P., 1900, 229. 

Carbazoles, formation of (Japp and 
MAITLAND), P., 1901, 176. 

Carbohydrates, action of various Bacteria 
on (HARDEN), T., 610 ; P., 1901, 57. 

action of hydrogen bromide on 
(FENTON and GosTLINe), T., 361; 
P., 1901, 22. 

Carbon, direct union of, with hydrogen 
(Bong and JERDAN), T., 1042; P., 
1901,- 162. 

Carbon dioxide (carbonic anhydride), 
latent heat of evaporation of (Cromp- 
TON), P., 1901, 62. 

decomposition of, under electrical 
strain (COLLIE), T., 1063; P., 1901, 
168. 


produced by Bacillus  pyocyaneus 


(PakEs and JoLLYMAN), T., 325; 
P., 1900, 189. 

evolution of, from the bacterial de- 
composition of formic acid (PAKEs 
and JOLLYMAN), T., 386; P., 1901, 
29 


evolution of, by yeast (HARDEN and 
Row.anD), T., 1228; P., 1901, 189. 

Carbon compounds, asymmetric, rotation 
of substituted (GuyE), T., 476; P., 
1901, 48. 

Carbonic diethyl ether, imino-, prepara- 
tion of (LANDER), T., 702; P., 1901, 
61. 

Carbonyl chloride (phosgene), action of 
lead thiocyanate on (Drxon), T., 552; 
P., 1901, 52. 

Carbonyl-dicarbamide, -di-a- and -A- 
naphthylcarbamides, -diphenylearb- 
amide, and -di-y-tolylcarbamide (Pick- 
ARD and CARTER), '., 842; P., 1901, 
123. 

ab-Carboxyamyl-phenyl- and -o-tolyl- 
thiocarbamide (Doran), T., 914; P., 
1901, 130. 

Carboxyamylthiocarbimide and __its 
derivatives (Doran), T., 906; P., 
1901, 130. 

2-Carboxy-5-methoxyphenoxyacetic acid 
and its salts (GiLBopy, PERKIN, and 
Yates), T., 1400; P., 1899, 27, 75, 
241 ; 1900, 105. 

Carboxymethylphenylsemithiocarbazide 
(Doran), T., 911; P., 1901, 130. 

Carboxymethylthiocarbamic acid, esters 
(Doran), T., 912; P., 1901, 130. | 

ab-Carboxymethylthiocarbamide and its 
aromatic and fatty alkyl derivatives 
(Doran), T., 908; P., 1901, 130. 

Carboxymethylthiocarbimide and _ its 
derivatives (Doran), T., 906; P., 
1991, 130. 


Co 
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Carboxymethylthiourea and Carboxy- 
methylpiperidylthiourea (Doray), T., 
910; P., 1901, 130. 

Carpinic acid, bromo-, attempts to pre- 
pare (JowETT), T., 598; P., 1901, 57. 

Carvacrol, sodium derivative, action of 
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isoCodeine and its methiodide, pre 
tion of, and the action of ae 
hydroxide on the methiodide (Scury- 
VER and Legs), T., 574; P., 1901, 55. 


| Colouring matter, C,,H,,O,, from the 


ethyl chlorofumarate on (RUHEMANN), | 
| 


T., 919; P., 1901, 155. 

Carvacroxyfumaric acid and its ethyl 
ester (RUHEMANN), T., 920; P., 1901, 
155. 

Carvacrylglucoside, preparation of (RYAN 
and Mitts), T., 706; P., 1901, 90. 
Cellulose, ketonic constitution of (FEN- 

Ton and GosTLINnG), T., 365; P., 
1901, 22 ; (Cross and BrEvAy), T., 
366; P., 1901, 22. 
sugars from (FENTON), P., 1901, 166. 
Chemical combination, theory of (Mar- 
TIN), P., 1901, 169. 
equilibrium between ethyl alcohol and 


hydrochloric acid (PRICE), T., 805; | 


P., 1900, 185. 
Chlorates, decomposition of (SoDEAU), 
T., 247, 939; P., 1900, 209; 1901, 149. 
Chlorine, evolution of, from the decom- 
position of chlorates (SopEAv), T., 
247; P., 1900, 209. 
solubility of, in aqueous hydrochloric 
acid (MELLOoR), T., 225; P., 1900, 
221. 
union of, with hydrogen (MELLOR), 
T., 216; P., 1900, 221. 


origin of combined, in moorland waters | 


(AcKROoyYD), T., 673; P., 1901, 87. 

estimation of, in benzyl and benzyl- 
idene chlorides (MACKENZIE), '., 
1220. 


decomposition of robinin, and its 
sulphate and tetracetyl derivative 
(PERKIN), P., 1901, 87. 

C,5H 90,4, of the flowers of Delphiniwm 
Consolida, and, its hydriodide, sulph- 
ate, and tetracetyl derivative (PER- 
KIN and WILKINSON), P., 1900, 
182. 

Colpoon compressum (Osyris compressa), 
constituents,of (PERKIN), P., 1901, 88. 

Copper, action of ammonia on, at high 

temperatures (BEILBY and HENDER- 
son), T., 1252; P., 1901, 190. 

nitride (BrILBy and HenpgERson), T., 
1253; P., 1901,-190. 

Copper-ammonia sulphate, influence of 
temperature on the dissociation of 
(Dawson and McCrag), T., 1072; 
P., 1901, 178. 

Coriamyrtin and tutin, comparison of 
the properties of (EASTERFIELD and 
Aston), T., 125; P., 1900, 212. 

Coriaria angustissima, C. ruscifolia, and 
C. thymifolia (‘‘tutu”), constituents 
of (EASTERFIELD and Aston), T., 120; 
P., 1900, 211. 

Corybulbine, formula of, and conversion 
of, into corydaline ; its hydriodide and 
acetyl derivative (DopBIz, LAUDER, 
and PA.LiaATsEAs), T., 87; P., 1900, 
205. 


Corydaline, preparation of, from cory- 


Chlorocarbonates, action of lead thio- | 
cyanate on (Doran), T., 906; P., | 


1901, 130. 

Chromium boride (TUCKER and Moopy), 
P., 1901, 129. 

Cinnamic acid (8-phenylacrylic acid), 
amyl and menthyl esters and their 
dibromo-derivatives (CoHEN and 
WHiITELEY), T., 1307 ; P., 1900, 213. 

Cinnamic methylamide and dibromo- 
(Orton), T., 1855; P., 1901, 200. 

Cinnamylidene-2-methylsemicarbazone 
(Youne and Oarss), T., 666; P., 
1901, 86. 

Claisen reaction, the (Lapworts), T., 
1269 ; P., 1900, 109 ; 1901, 95. 

Cobalt, action of ammonia on, at high 

temperatures (BEILBY and HENDER- 
80n), T., 1251; P., 1901, 190. 
nitride (BrerBy and HENDERSON), 
T., 1251; P., 1901, 190. 
Cocaine, and its hydriodide periodide, 


bulbine, its formula, and ethyl sul- 
phate, hydriodide and platinichloride 
(Dossirz, LAUDER, and PALIATSEAS), 
T., 87; P., 1900, 205. 


| Coumalin-6-carboxylic acid and its ethyl 


| 
| 


estimation of (GARSED and CoLuiz), | 


T., 675; P., 1901, 89. 


ester (LAPWORTH), T., 1280; P., 1901, 
96. 
Cresoxy-. See Tolyloxy-. 
m-Cresylglucoside, preparation of (RYAN 
and Mitts), T., 705; P., 1901, 90. 
Crotonic acid, ethyl ester, condensation 
of, with ethyl oxalate, and action of 
amyl formate and nitrite on (Lap- 
worTH), T., 1272; P., 1900, 109, 
132. 
y-Cumidine, acetylation of (SUDBOROUGH), 
T., 588; P., 1901, 45. 
action of ethylene dibromide on 
(SENIER and Goopwin), T., 254; 
P., 1900, 228. 
Current, apparatus for alternating a 
direct (HoLRoyp), T., 1330. 
Cyanic acid, potassium salt, absorption 
spectra of (HarTiEy, Dopsre, and 
LAUDER), T., 855; P. 1901, 125, 
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Cyanuric acid and chloride and methyl 
ester, absorption spectra of (HARTLEY, 
Dossiz, and LAuDER), T., 849; P., 
1901, 125. 

Cyanurtriamide. See Melamine. 

p-Cymene, 2-bromo- and 2-chloro-, from 
1:1-bromonitro- and 1:1-chloronitro- 
camphane (ForsTER and ROBERTSON), 
T., 1003 ; P., 1901, 169. 


D. 


Datura Stramoniwm grown in Egypt, 
amount of hyoscamine in (DUNSTAN 
and Brown), T., 71; P., 1900, 207. 

Day and hour of meeting, <liscussion on 
the, P., 1901, 20, 54, 117. 

n-Decanedicarboxylic acid and its salts 
(WALKER and LuMspDEN), T., 1197; 
P., 1901, 188. 

Delphinium Consolida, colouring matter 
of the flowers of (PERKIN and WILKIN- 
son), P., 1900, 182. 

Density of tetramethylenecarbinol (PER- 
KIN), T., 330; P., 1901, 33. 

Deoxybenzoin, action of dry silver oxide 
and ethyl iodide on (LANDER), P., 
1901, 59. 

Desylene-methyl and -ethyl ethyl ke- 
tones and their isomerides (JApp and 
MeE.tprRvM), T., 1031; P., 1901, 174. 

Dextrose (d-glucose, grape sugar), and 

its glucosazone from cellulose (FEN- 
TON), P., 1901, 166. 

action of Bacteria on (HARDEN), T., 
610; P., 1901, 57. 

Diacetamide, preparation of (TITHER- 
LEY), T., 396, 411; P., 1901, 29, 
31. 

Diacetyl-o-aminophenol, nitration of 
(MELDOLA and WECHSLER), P., 1900, 
180. 

Diamyloxydiphenylmethane, attempt to 
prepare (MACKENZIE), T., 1208. 

Diastase and yeast, combined action 
of, on starch granules (Morris), T., 
1085; P., 1901, 178. 

Diazobenzenephloroglucinol methyl 
ether (PERKIN and ALLison), P., 
1900, 181. 

Diazotisation of dinitro-o-anisidine (MEL- 
DOLA and Eyre), T., 1077; P., 1901, 
131, 185. 

Diazoxide from the action of a nitrite on 
dinitro-o-anisidine, and its compound 
with 8-naphthol (MELDOLA and Eyre), 
T., 1078 ; P., 1901, 132, 185. 

Dibenzamide, preparation of (TITHER- 
LEY), T., 395; P., 1901, 29. 

ay-Dibenzoylpropane and Dibenzoyldi- 
phenylbutadiene, reduction of (JAPP 
and Micuig), T., 1010; P., 1901, 173. 
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(Orrox), TT, 


Dibenzoyltyrosinamide 
1355; P., 1901, 200. 

= 2:2’-dinitro- (LAPWoRTH), T., 
1275. 

Dibenzylamine, action of acetylbromo. 
and acetylchloro-amino-2:4-dichloro- 
benzenes on (CHATTAWAY and OrTon) 
T., 464; P., 1901, 38. 

Dibenzyl ketone, condensation of, with 
benzil (HENDERSON and CorsTor- 
PHINE), T., 1256; P., 1901, 190. 

Diisobutyloxydiphenylmethane (Mac. 
KENZIE), T., 1207; P., 1901, 150. 

Dicarbanilinodi-)-cumylethylenedi- 
amine (SENIER and GoopwIy), T., 
260 ; P., 1900, 228. 

Dicarbanilinodiphenylethylenediamine 


(ethylenedicarbanilide) (SENIER and 
Goopwin), T., 259; P., 1900, 
228. 


Dicarbanilinodi-o-, -m-, and -p-tolyl- 
‘ethylenediamines (SENIER and Goop- 
win), T., 259; P., 1900, 228. 

Dicarbanilinodixylylethylenediamine 
(SENIER and Goopwiy), T., 260; P., 
1900, 229. 

ay yr er pera /n m r 
acid, ethylester (PERKIN and THORPE), 
T., 763; P., 1900, 150; 1901, 
111. 

Dicarboxydimethyltrimethylene -bromo- 
and -ethyl-malonic acids, ethyl! esters 
(PERKIN and THORPE), T., 769. 

Dicinnamyltartaric acid, ¢etrabromo- 
(CoHEN and WHITELEY), T., 1308; 
P., 1900, 213. 

Di-y-cumylethylenediamine and _its 
nitrate, mercurichloride and platini- 
chloride, and its dinitro-derivatives 
(SENIER and Goopwin), T., 256; 
P., 1900, 228. 
action of phenylearbimide on (SENIER 
and GoopwIn), T., 260; P., 1900, 
228. 
Di-y-cumylpiperar‘ne (SENIER and 
Goopwin), T., 257; P., 1900, 228. 
Diethoxybenzylidene (MAcKENZzIE), T., 
1213 ; P., 1901, 150. 

af8-Diethylanhydracetonebenzil (JArP 
and MELDRUM), T., 1041; P., 1901, 
176. : 

Difurfurylethanedialdehyde and its 
oxidation, and the action of phenyl- 
hydrazine and of hydroxylamine on 
(FENTON and Gosr.Lin@), T., 812; P., 
1901, 119. 

Difarfurylethanedicarboxylic acid and 
its barium salt (FENTON and GosT- 
LING), T., 814; P., 1901, 119. 

Dihydroinfracampholenic acid, di- and 
tri-bromo- (ForstER) T. 114; P., 
1900, 211. 


or 
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aa-Dihydroxy-88-dimethylglutaric acid 
and its salts, and condensation of, 
with o-tolylenediamine (PERKIN and 
THoRPE), T., 757; P., 1901, 113; 
(PERKIN, THORPE, and WALKER), 
T., 781. 
lactone of (PERKIN and THorpE), T., 
756; P., 1901, 112. 
s-Dihydroxyoxamide and its diacetate 
(PickARD and CARTER), T., 846; P., 
1901, 123. 
2:6-Dihydroxy-4-isopropyldihydro- 
resorcinol. See 2:6-Diketo-4-csopropyl- 
hexamethylene. 

Dihydroxystearic acid, preparation, 
melting point, and calcium salt of, 
and the action of fused potash on (LE 
Sueur), T., 1815; P., 1901, 91. 

4:4’-Dihydroxytetraphenylmethane and 
its diacetyl compound (MACKENZIE), 
T., 1209; P., 1901, 150. 

2:6-Dihydroxy-3:4:4-trimethyldihydro- 
resorcinol. See * 2:6-Diketo-3:4:4- 
trimethylhexamethylene. 

Dihydroxytriphenylmethane and _ its 
diacetyl derivative (MACKENZIE), T., 
1216. 

2:6-Diketo-4-‘sopropylhexamethylene 
and its dioxime and $-carboxylic acid, 
ethyl ester (CRossLEy), P., 1901, 
172. 

2:6-Diketo-3:4:4-trimethylhexamethyl- 
ene (2:6-dihydrowy-3:4:4-trimethyl- 
dihydroresorcinol), aud its silver salt, 


dioxime, and ethyl ester, and action of | 


bromine, phosphorus pentachloride 
and sodium hypobromite on (Cross- 
LEY), T., 141; P., 1900, 90. 
2:6-Diketo-3:4:4-trimethylhexamethyl- 
ene (2:6-dihydroxy-3:4:4-trimethyl- 
dihydroresorcinol), 1-mono- and 1:1-di- 
bromo- (CRossLEY), T., 145 ; P., 1900, 
91. 
2:6-Diketo-3:4:4-trimethylhexamethyl- 
ene-3-carboxylic acid, ethyl ester and 
its hydrolysis (CRossLEY), T., 141; 
P., 1900, 90. 
0-Dimethoxybenzoin and its methyl 
ether, preparation of (IrviNE), T., 
671; P., 1901, 88. 
Dimethoxybenzylidene (MACKENZIE), 
T., 1212; P.; 1901, 150. 
Dimethoxydiphenylmethane, action of 
nitric acid on (MAcKENzIE), T., 
1211; P., 1901, 150. 
d-Dimethoxysuccinic acid and its esters, 
salts, and amide (PurpDIE and 
ee ao, (OTs) Fi, TO, 


esters, influence of solvents on the 
rotation of (PuRDIE and BARBOUR), 
T., 971; P., 1901, 158. 
LXXIX, 
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Dimethylanhydracetonebenzils, a8- and 
BB-, and their isomeride (Japp and 
Metprum), T., 10386; P., 1901, 175. 

2:4-Dimethylbenzoic acid (xylic acid), 
formation of (LEEs and PErkry), T., 
347 ; (PERKIN and Yarkss), T., 1383. 

6:8-Dimethyl-1:4-benzopyrone and its 
2-carboxylic acid (RUHEMANN and 
Wrace), T., 1189; P., 1901, 187. 

Dimethylethylethoxyketopentamethyl- 
enedicarboxylic acid (PERKIN and 
THoRPE), T., 771; P., 1901, 112. 

Dimethylethylhydroxybutanetetracarb- 
oxylic acid, lactone of (PERKIN and 
THORPE), T., 772; P., 1901, 112. 

Dimethylethylhydroxybutanetricarb- 
oxylic acids, lactones of (PERKIN and 
THORPE), T., 773; P., 1901, 112, 

Dimethylglutaconic acid and its ethyl 
ester (PERKIN), P., 1900, 214. 

aa-Dimethylglutaricacid (pentanedicarb- 
oxylic acid), bromo-, ethyl ester 
(PERKIN), P., 1900, 214. - 

AB-Dimethylglutaric acid (pentanedi- 
carboxylic acid) and anhydride, pre- 
paration and bromination of (PERKIN 
and THoRPE), T., 753; P., 1901, 112; 
(PERKIN, THORPE, and WALKER), T., 
785. 

Dimethylcyc/ohexanecarboxylic acid 
(hexahydro-xylie acid); mono- and di- 
bromo-, methyl esters (LEES and 
PERKIN), T., 350; P., 1900, 20. 

Dimethyleyclohexanecarboxylic acids, 
cis- and trans-, formation of (LEES 
and PerKIN), T., 356; P., 1900, 
20. ' 

Dimethylceyc/ohexanecarboxylic acids, 
bromo-, stereoisomeric (PERKIN and 
Yates), T., 1379. 

Dimethylhydroxypentamethylenecarb- 
oxylic acid (PERKIN, THeRPE, and 
WALKER), T., 783. 

Dimethylketodicyclopentanecarboxylic 
acid (PERKIN, THORPE, and WALKER), 
T., F7Ri 

Dimethylketodicyc/opentanedicarboxylic 
acids (PERKIN, THORPE, and -WALK- 
ER), T., 777. 

5:5-Dimethyl-3-ketodicyc/opentane- 
1:2:4-tricarboxylic acid, ethyl ester, 
yellow sodium compound of, prepara- 
tion and properties of (PERKIN and 
TuHorPE), T., 768; P., 1901, 110; 
(PERKIN, THORPE, and WALKER), 
T., 776; P., 1900, 150. 

Dimethylketopentamethylenecarboxylic 
acid and its oxime and semicarbazone 
(PERKIN, THORPE, and WALKER), T., 
782. 

2:4-Dimethylpyridine, 6-amino-3-cyano- 
(Morr), P., 1901, 69. 

5 F 
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Dimethylpyridines, 2:3- and 2:5-, from 
Scottish shale oil (GARRErr and 
SmyTHE), P., 1900, 190. 

aa-Dimethylsuccinic acid (butanedi- 
carboxylic acid) (PERKIN and THORPE), 
T., 762; (Perkin, TuHorPE, and 
WALKER), T., 781 ; P., 1900, 149. 

Di-a-naphthylearbamide, formation of 
(Dixon), 'I’., 106; P., 1900, 208. 

Di-a-naphthylethylenediamine, action 
of phenylearbimide on (SenrER and 
Goopwin), T., 260; P., 1900, 228. 

Dicyclopentane, derivatives of (PERKIN 
and THorPg), T., 729 ; P., 1900, 149 ; 
1901, 110. 

Diphenoxy-isopropyl chloride and -iso- 
propylphosphorous acid (boyy), T., 
1223; P., 1901, 188. 

Diphenylazines from 
anisole (MELDOLA and 
1076; P., 1901, 131, 185 

1:2-Diphenyl-1:2-dihydroxycyc/opentane 
and ae-Diphenyl-ae-dihydroxypentane 
(Japp and Micuik£), T., 1010; P., 
1901, 173. 

Diphenylethylenediamine, action of 
phenylearbimide on (SENIER and 
Goopwin), T., 259; P., 1900, 228. 

Diphenylmethyleneanilide (MACKEN- 
ZIE), T., 1212; P., 1901, 150. 

3:5-Diphenyl-4-methylpyrazole (ABELL), 
T., 931; P., 1901, 128. 

1:3-Diphenyl-2-methyltrimethylene 
glycol and its diacetyl derivative 
(ABELL), T., 930; P., 1901, 128. 


3:4:6-¢riamino- 
Eyre), T., 


1;2-Diphenylceyc/opentane, oxidation of | 


(JApP and Micuie), T., 1023; P., 
1901, 173. 
Diphenyleyclopentenolone. See Anhydr- 
acetonebenzil. 
Diphenylsilicone (Kirrinc and Luoyp), 
T., 455; P., 1901, 32. 
Dipropyloxydiphenylmethane (MACKEN- 
zig), T., 1206; P., 1901, 150. 
Dipyromucyltartaric acid, methyl and 
ethyl esters, preparation and rotation 
of (FRANKLAND and Aston), T., 518 ; 
P., 1901, 41. 
Dispersion. See Photochemistry. 
Dissociated groups, formation and break- 
ing down of complex, and change of 
position of free affinity in (LAPWoRTH), 
T., 1266; P., 1901, 93. 
Dissociation between} univalent groups 
as an explanation of isomeric change 
and interaction (LArwortH), T., 
1265; P., 1901, 93. 
of copper-ammonia sulphate, influence 
of temperature on the (DAwson and 
McCrae), T., 1072; P., 1901, 178. 
of polyhaloid salts in aqueous solution 
(Dawson), T., 238; P., 1900, 215. 
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Dissociation constant of a-alkyl sub. 
stitution derivatives of adipic, glutaric, 
and pimelic acids (MELLOR), T., 128 ; 
P., 1900, 215. 

Di-o- and -p- tolylearbamides, formation 
of (Dixon), T., 102; P., 1900, 208. 
Ditolylethylenediamines, o-, m- and p., 
action of phenylcarbimide on (SENIEK 
and Goopwin), T., 259; P., 1900, 228. 

Di-p-tolyloxy-isopropyl] chloride and -iso- 
propylphosphorous acid (Boyp), T., 
1226; P., 1901, 189. 

Ditriphenylsilicyl ether (Ktrrine and 
Luioyp), T., 455; P., 1901, 32. 

Dixylylethylenediamine and its nitrate, 

mercurichloride and platinichloride, 
and its nitro-derivatives, (SENIEr 
and Goopwin), T., 254; P., 1900, 
228. 

action of phenylcarbimide on (SENIER 
and Goopwin), T., 260; P., 1900, 
228. 

Dixylylpiperazine (SENIER and Goop- 
win), T., 256; P., 1900, 228. 


E. 


Earths, rare, error of the ‘‘sulphate 
method” for the determination of the 
equivalents of the (BRAUNER and 
PAviitex), P., 1901, 63. 

Electrical conductivity of solutions of 
potassium chloride, hydrogen chloride, 
and potassium hydroxide, influence of 
cane sugar on (MARTIN and Masson), 
T., 707; P., 1901, 91. 

Electrolysis of hydrochloric acid (MEL- 
Lor), T., 219; P., 1900, 221. 

Electrolytic reduction of nitrourea (HoL- 
2oyD), T., 1326; P., 1901, 197. 

synthesis of n-decanedicarboxylic acid 
(WALKER and LuMmsDEn), T., 1199; 
P., 1901, 188. 

Equivalent alteration of the distribu- 
tion coefficient of ammonia be- 
tween chloroform and water for 
the alkali salts (Dawson and 
McCrae), T., 493; P., 1901, 5. 

of the distribution coefficient of 
ammonia between chloroform and 
water for the alkaline earth salts 
(Dawson and McCrasg), T., 1069; 
P., 1901, 177. 

Equivalents of the rare earths, error of 
the ‘‘sulphate method ” for the deter- 
mination of the (BRAUNER and 
PaviiceK), P., 1901, 63. 

Esterification, new automatic method of 


(FRANKLAND and Aston), T., 517; 


P., 1901, 41. 
of amyl and methyl alcohols (Mc- 
KEnzIE), T., 1139 ; P., 1901, 186. 


INDEX OF SUBJECTS. 


Esterification of 3-nitrophthalic acid 
(McKenzig), T., 1135; P., 1901, 186. 
Esters, preparation of, from other esters 


of the same acid (PATTERSON and | 


Dickrnson), T., 280; P., 1901, 4. 
acid, of as-dicarboxylic acids, nomen- 


| 
| 
| 


clature of (SuDBOROUGH), P., 1901, | 


43. 
Ethane, production of (BonE and JEx- 
pAN), T., 1042; P., 1901, 162. 
Ethanedicarboxylic acid. See :— 
Methylmalonic acid. 
Ethoxyanilinophosphoryl chloride (Ca- 
VEN), P., 1901, 26. 
Ethoxycaronic acid, and ethyl ester, 


| 
| 
| 
| 
| 
| 


and anhydride, formation of (PERKIN | 


and THorPE), T., 759; P., 


149. 


1900, | 
| ¢-Ethylidenelactic acid. 


p-Ethoxyphenylsuccinamie acid and its | 


alkyl derivatives (GILBODY 
SPRANKLING), P., 1900, 224. 


and | 


p-Ethoxyphenylsuccinimide (pyrantin) | 


and its alkyl derivatives, stability of 
(GILBoDY and SPRANKLING), P., 1900, 
224. 
Ethoxy-p-toluidinophosphoryl 
(CAVEN), P., 1901, 26. 
Ethyl alcohol, reaction between hydro- 
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Ethylene, laboratory method for the 
preparation of (NgewrnH), T., 915 ; 
P., 1901, 147. 
dibromide, action of, on w-cumidine 
and xylidine (SENIER and Goop- 
win), T., 254; P., 1900, 228. 
action of sodium ethoxide on, under 
pressure (MACKENZIE), T., 1221 ; 
P., 1901, 150. 
Ethylenedicarbanilide. See Dicarbanil- 
inodiphenylethylenediamine. 
Ethylenedicarboxylic acid. See Fum- 
aric acid. 
a-Ethylglutaric acid (pentanedicarb- 
oxylic acid), preparation and dis- 
sociation constants of (MELLOR), T., 
126; P., 1900, 215. 
See Lactic 


acid, 
Ethylpentanetricarboxylic acid, ethyl 
ester (MELLOR), T., 132. 
a-Ethylpimelic acid, preparation of 
(MELLOoR), T., 181; P., 1900, 215. 


| B-Ethylsuccinic acid (bulanedicarboxylic 


chloride | 


chloric acid and (Pricer), T., 303; 


P., 1900, 185. 


influence of, as solvent, on the rotation | 


of ethyl tartrate (PArrERsoN), T., 
174; P., 1900, 176. 

Ethyl iodide and dry silver oxide, action 
of, on benzoylacetic ester, deoxy- 
benzoin, and benzyl cyanide (LAN- 
DER), P., 1901, 59. 

hydrogen sulphate, action of heat on 
ye and Ruporr), P., 1900, 
177. 


Ethyl-acetaldoxime and 


acid), a-cyano-, ethyl ester (JOWE1T), 
T., 1347; P., 1901, 199. 
a-Ethyltricarballylic acid, formation of 
(JowEtt), T., 1343; P., 1901, 199. 
synthesis of, and its triethyl ester, 
salts, anhydro-acid, and 8-cyano- 
derivative (JowErr), T., 1346; P., 
1901, 199. 

Ethyltricarbimide (e/hyl isocyanurate), 
absorption spectra of (HARTLEY, 
Dossiz, and LAupER), T., 860; P., 
1901, 125. 


| Eugenoxyfumaric acid and its ethyl 


-isoacetald- 


oxime, and thehydrolysisand reduction | 


of the iso-compound (DuNsTaNn and 
Gou.pin@), T., 686; P., 1901, 84. 
Ethyl-acetophenoxime and _ -iscaceto- 


ester (RUHEMANN and Wrace), T., 
1186; P., 1901, 187. 


F. 


| Fermentation of sugars by Bacillus coli 


phenoxime, and the hydrolysis and | 


reduction of the tso-compound (Dun- | 


STAN and GouLpine), T., 638; P., 
1901, 85. 

Ethyl-acetoxime and -isoacetoxime and 
the hydrolysis and reduction of the 
tso-compound (DuNsTAN and GouLD- 
ING), T., 633; P., 1901, 84. 

a-Ethyladipic acid (hexanedicarboxrylic 
acid), preparation and dissociation con- 
stants of (Mrettor), T., 130; P., 
1900, 215. 


a-Ethylanhydracetonebenzil (Japp and | 


MELDRUM), T., 1038 ; P., 1901, 175. 
Ethylearbimide (ethyl isocyanate), absorp- 

tion spectra of (HARTLEY, Dossig, and 

LaupEr), T., 856; P., 1901, 125. 


communis and allied organisms 
(HARDEN), T., 610; P., 1901, 57. 

auto-, of pressed yeast (HARDEN and 
RowLANnD), T., 1227; P., 1901, 
189. 

Formic acid, action of Bacillus coli 
communis on (PAKES and JOLLY- 
MAN), T., 387; P., 1901, 29; (Har- 
DEN), T., 624; P., 1901, 58. 

bacterial decomposition of (PAKEs and 
JOLLYMAN), T., 886; P., 1901, 
29. 
bacterial oxidation of, by nitrates 
(PAKES and JoLLYMAN), T., 459; 
P., 1901, 39. 
Formic acid, amyl ester, action of, on 
ethyl crotonate (LAPwoRTH), T., 1282. 
d-Fructose. See Leevulose. 
5F2 
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Fumaric acid (cthylenedicarboxylic acid), 
chloro-, ethyl ester, action of, 
on carvacrol and on thymol 
(RUHEMANN), T., 919; P., 
1901, 155. 

action of, on the sodium deriva- 
tives of eugenol and m-xylenol 
(RUHEMANN and Wraace), T., 
1186; P., 1901, 187. 
Furfuraldehyde, 
(Pore and Hirp), T., 
1901, 186. 


1148; -P., 
G. 


d-Galactose, action of Bacillus coli 
communis on (HARDEN), T., 624; P., 
1901, 58. 

Gases produced by Bacteria, apparatus 
for the collection and examination 
of (PAKES and JOLLYMAN), T., 322; 
P., 1900, 189. 

d-Glucose. Sce Dextrose. 

Glucoside, from the flowers of Delphiniwm 
Consolida (PERKIN and WILKINSON), 
P., 1900, 182; (PERKIN), P., 1901, 88. 

Glucosides, preparation of synthetical 
(RYAN and Mitus), T., 704; P., 1901, 
90. 

Glutaconic acid (propylencdicarboxylic 
acid), ethyl ester, and its derivatives, 
formation of aromatic compounds from 
(LAWRENCE and PERKIN), P., 1901,47. 

Glyceric acid, amide, anilide, and o- and 
p-toluidides, preparation and rotation 
of, and preparation of the inactive 
compounds (FRANKLAND, WHARTON, 
and Aston), T., 266; P., 1901, 6. 

Glycerol (glycerin), influence of, as 

solvent, on the rotation of ethyl 
tartrate (PATTERSON), T., 178; P., 
1900, 177. 

diaryl ethers, action of phosphorus 
chlorides on (Boyp), T., 1221; P., 
1901, 188. 

Glycogen of yeast, alcohol and carbon 
dioxide produced by the autofermenta- 
tion of (HARDEN and RowLanp), T., 
1228 ; P., 1901, 189. 

Gold, action of ammonia on, at high tem- 
peratures (BEILBY and HENDERSON), 
T., 1253; P., 1901, 190. 


Groups, non-occurrence of direct inter- 
change of, in a molecule (LAPWORTH), 
T., 1265; P., 1901, 93. 

Gum tragacanth, constituents of (O’SUL- 
LIVAN), T., 1164; P., 1901, 156. 


H. 


m-Hemipinic acid and its ethylimide 
(GILBopY, PERKIN, and Yarss), T., 
1400; P., 1899, 28, 75, 241; 1900, 107. 


| Heptanedicarboxylic acids. 


nitrotolylhydrazone | 
| Hexahydro-m-xylene and iodo- (Lzzs 


INDEX OF SUBJECTS. 


Hentriacontane and Heptacosane from 
tobacco leaf (THoRPE and HoLmzs), 

T., 982; P., 1901, 170. 

See :— 
Azelaic acid. 
a-Propyladipic acid. 

Heptanetricarboxylic acids. See :— 
Ethylpentanetricarboxylic acid. 
a-Propylbutanetricarboxylic acid. 
Trimethylbutanetricarboxylic acid, 


and PERKIN), T., 349. 

Hexahydro-xylic acid. See Dimethy)- 

cyclohexanecarboxylic acid. 

Hexanedicarboxylic acids. See :— 

a-Ethyladipic acid. 
a-Methylpimelic acid. 
a-Propylglutaric acid. 
isoPropylglutaric acid. 
Trimethylglutaric acid. 

Hexanetricarboxylic acid. See :— 

a-Propylpropanetricarboxylic acid. 
Hexenoic acid (n-pentenecarboxylic acid) 
(WALKER and LumspDEn), T., 1200. 

Homopilopic acid, constitution of, and 
its ethyl] ester and barium salt (JoweEr’), 
T., 1338; P., 1901, 198. 

Hydrazine, action of, on oxalacetic acid 
(FENTON and JonzEs), T., 93; P., 
1900, 205. 

hydrate, condensation of, with acetonyl- 
acetone (GRAY), T., 682; P., 1901, 
90. 

Hydrindamine bromocamphorsulphonate 
and cis-r-camphanates (KIpPING 
and Hatt), T., 439; P., 1901, 37. 

cam oe aE isomeric 
(Krppina), T., 370 ; P., 1901, 32. 
mandelates, isomeric (Kippinc and 
Hatt), T., 444; P., 1901, 36. 
di-Hydrindamine camphor-a-sulphonate 
and d-hydroxy-cis-r-camphanate (Kip- 
" prncand HAL), T., 437; P., 1901, 37. 
Hydrobromic acid (hydrogen bromide), 
action of, on carbohydrates (FENTON 
and GosTLInG), T., 361; P., 1901, 22. 
Hydrocarbon, ©. H3., from sandarac 
resin (HENRY), T., 1156 ; P., 1901, 187. 

Hydrocarbons, formation of, by direct 
union of carbon and hydrogen (Bonz 
and JERDAN), T., 1042; P., 1901, 
162. 

decomposition of, at high temperatures 
(Bone and JERDAN), P., 1901, 164. 

Hydrochloric acid (hydrogen chloride), 
electrolysis of (MELLOR), T., 216; 
P., 1900, 221. 

influence of cane sugar on the condue- 
tivity of solutions of (Martin and 
Masson), T., 707; P., 1901, 91. 

reaction between ethyl alcohol and 
(Price), T., 303; P., 1900, 185. 


INDEX OF SUBJECTS. 


Hydrogen, evolution of, by the bacterial 
decomposition of formic acid (PAKEs 
and JOLLYMAN), T., 386; P., 1901, 
29. 

direct union of, with carbon (BoNE 
and JERDAN), T., 1042; P., 1901, 
162. 

union of, with chlorine (MELLOR), T., 
216; P., 1900, 221. 

Hydrogen bromide. See Hydrobromic 

acid. 
chloride. See Hydrochloric acid. 
triiodide, nature of (DAwson), T., 238 ; 
P., 1900, 215. 
peroxide, higher, non-existence of 
(RamsAyY), T., 1324; P., 1901, 197. 
Hydrolytic dissociation, new method 
for the determination of (FARMER), 
T., 863; P., 1901, 129. 
Hydroxy-acids, C,H,,0;, and ©C,H,,0,, 
and their diamides and barium salts, 
from pilopic and homopilopic acids 
(JOWETT), T., 1837; P., 1901, 198. 
Hydroxyazobenzene, barium salt, hydro- 
lytic dissociation of (FARMER), T., 
866; P., 1901, 129. 
1-Hydroxy-2-benzoyleamphene and its 
isomeride, and acetyl, metallic and 
phenylurethane derivatives ; and crys- 
talline form (ForsTER), T., 994; P., 
1901, 167. 
1-Hydroxycamphene, and the action of 
sulphuric acid on (FoRSTER), T., 651 ; 
P., 1901, 86. 
a-Hydroxycamphorcarboxylic acid, and 
the action of heat on, and its amide 
and acetyl derivative (LAPWORTH and 
CHAPMAN), T., 382; P., 1901, 28. 
8-Hydroxycamphoronic acid (LAPWORTH 
and LENTON), P., 1901, 148. 
a-Hydroxycyanocamphor (LAPWORTH 
and CHAPMAN), T., 381; P., 1901, 
28. 
Hydroxydimethylbutanetricarboxylic 
acids, lactones of (PERKIN and 
THoRPE), T., 764; P., 1900, 150; 
1901, 111. 
a-Hydroxy-88-dimethylglutaric acid, 
lactone of (PERKIN and THORPE), 
T., 758; P., 1901, 113. 
a-bromo-, lactone of, and ethyl ester 
(PERKIN and THorPs), T., 755; P., 
1901, 112° 
6-Hydroxy-2:4-dimethylpyridine, 3- and 
5-cyano- (Morr), P., 1901, 69. 
Hydroxyhexahydro-xylie acids, and 
their lactones (Legs and Perkin), T., 
344; P., 1898, 111; 1900, 18; 
(PERKIN and Yarss), T., 1373. 
6-Hydroxy-2-keto-3:4:4-trimethylhexa- 
methylene, 1:6-dibromo- (CROSSLEY), 
T., 146; P., 1900, 91. 
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Hydroxylamine, action of, on the 
anhydrides of bromonitrocamphane 
(ForsTER), T., 6538; P., 1901, 
88. 

action of, on oxalacetic acid (FENTON 
and Jonss), T., 94; P., 1900, 205. 

Hydroxylamines, 8-substituted, forma- 
tion of (DUNsTAN and GovLpINe), T., 
629 ; P., 1901, 84. 

Hydroxyoxamide, reactions of (PICKARD 
and CARTER), T., 842; P., 1901, 123. 

Hydroxyisophthalic acid (LAWRENCE 
and PERKIN), P., 1901, 47. 

Hydroxypilocarpinic acid, salts of 
(JowEtTt), T., 596; P., 1901, 57. 

a-Hydroxypropionic acid. See Lactic 
acid. 

w-Hydroxyundecylic acid (WALKER and 
LuMspDEN), T., 1193. 

Hyoscyamine from Hyoscyamus muticus 
and Datura Stramoniwm grown in 
Egypt (Dunstan and Brown), T., 
71; P., 1900, 207. , 


I. 


Imidosulphites (DIVERS and OGawa), 
T., 1099 ; P., 1900, 113 ; 1901, 163. 
Imino-ethers, formation of (LANDER), 

T., 690; P., 1901, 59. 
aliphatic, preparation of, from amides 
(LANDER), T., 701; P., 1901, 61. 

Infracampholenamide, its oxidation, 
and dibromide and hydrobromide 
(ForsTER), T., 117 ; P., 1900, 211. 

Infracampholene, amino-, and its salts, 
and benzoyl, carbamide and phenyl- 
carbamide derivatives (ForsTER), T., 
119; P., 1900, 211. 

Infracampholenic acid and its salts and 
dibromide (Forster), T., 108; P., 
1900, 211. 

Inversion of the optically active ac-tetra- 
hydro-8-naphthylamines prepared by 
the aid of d- and /-bromocamphorsulph- 
onic acids (Pork and Harvey), T., 
74; P., 1900, 206. 

Iodic acid, preparation of (ScoTT and 
ARBUCKLE), T., 302; P., 1901, 2. 

Ionic velocities in aqueous solution, new 
method of measuring (STEELE), T., 
414; P., 1901, 5. 

Iron, action of ammonia on, at high tem- 

peratures (BEILBy and HENDERSON), 
T., 1248; P., 1900, 190. 
nitride, preparation, properties and re- 
actions of (FowLER), T., 285 ;- P., 
1900, 209; (BriLBy and HEeEn- 
DERSON), T., 1249 ; P., 1901, 190. 
heat of formation and constitution 
of (FowLErR and Harrtoe), T., 
299 ; P., 1900, 210. 
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Isomeric change (LAPworTH), T., 1265; | 


P., 1901, 2. 
K. 


Karabin from Nerium odorum (Bosg), | 
> 


P., 1901, 92. 


Ketoximes, action of alkyl haloids on 


J} Ss" N J * - ‘ r a 328 * ' “ 
(Dunstan and Gou.pinc), T., 628; | wetal-ammonium compounds, nature of, 


P., 1901, 84. 
a 


Lactic acid, action of Bacillus 


1901, 58. 

Lactic acid, zinc salt, and menthyl ester 
(CoHEN and WHITELEyY), T., 1309; 
P., 1900, 213. 

Levulose (d-fructose), action of Bacillus 
coli communis on (HARDEN), T., 621; 
P., 1901, 57. 

Lanthanum, atomic weight of (BRAUNER 
and PaviicEeK), P., 1901, 63. 

isoLauronolic acid, preparation of (LEEs 

and PERKIN), T., 341; P., 1900, 18. 
constitution of (ForsrErR), T., 110. 
action of aluminium 

(LzreEs and PERKIN), T., 356. 


Lead silicates in pottery manufacture, | 
solubility of (THoRPE and Sim- | 


MONDS), T.,°791 ; P., 1901, 113. 


thiocyanate, action of, on the chloro- 
carbonates (Doran), T., 906; P., 


1901, 130. 


Lemons, oil of, two new substances in 


(BurGEss), P., 1901, 171. 
Liquefaction of pressed yeast (HARDEN 
and RowLAnpD), T., 1227 ; P.,1901,189. 


Liquids, latent heat of evaporation of | 


(Crompton), P., 1901, 61. 

Lithium salts, combination of, with 
ammonia in aqueous solution (DAWSON 
and McCrakg), T., 501; P., 1901, 6. 

y-Lutidostyril and its 3:5-dibromo- and 
3- and 5-nitro-derivatives (Morr), P., 
1901, 69. 

M. 


Magnetic rotation. See Photochemistry. 

Maltose, isolation of, when mixed with 
glucose (Hin), P., 1901, 45. 

Mannitol, action of Bacillus coli com- 
munis on (HARDEN), T., 621; P., 
1901, 58. 

Melamine (cyanurtriamide), absorption 
spectra of (HARTLEY, Dopsrr, and 
LAUDER), T., 860; P., 1901, 125. 

Memorial lecture :Rammelsberg (MrErs), 
T., 1; P., 1900, 219. 

Mercury aluminium couple, use of, asa 

halogen carrier (COHEN and DakIN), 
T., 1111; P., 1901, 91. 

Dimercuriammonium salts (RAy), P., 
1901, 96. 


INDEX OF 


coli | 
communis on (HARDEN), T., 624; P., 


chloride on | ; 
| Methi-isomorphimethine and its meth- 


| m-Methoxyphenoxyacetic 
BODY, PERKIN, and YATEs), T., 1399; 
P., 1899, 27, 75, 241; 1900, 105. 


SUBJECTS. 


Mesaconic acid (propylenedicarboxylic 
acid), menthyl ester (COHEN and 
WuitE.zy), T., 1310; P., 1900,: 213. 

Mesityl oxide (icthyl isobutenyl ketone ; 
isopropylideneacetone), action of, on 
ethyl sodiomethylmalonate (Cross- 
LEY), T., 189; P., 1900, 90. 


in aqueous solution (DAWwson and 
McCrak), T., 493, 1069, 1072; P., 
1901, 5, 177, 178. 

Meta law, the (LAPwortnH), T., 1270; 
P., 1900, 108, 132; 1901, 2. 

Metals, action of ammonia on, at high 
temperatures (BEILBY and HENDER- 
son), T., 1245; P., 1901, 190. 

Meta-substitution outside the nucleus 

(Lapwortn), T., 1272; P., 1900, 
108 ; 1901, 2. 

in benzenoid amines (LAP worTR), P., 
1901, 2. 

Methane, production of (BoNE and 

JERDAN), T., 1042 ; P., 1901, 162. 

decomposition of, at high temperatures 
(BonE and JERDAN), P., 1901, 165. 


iodide, and the action of heat on the 
methohydroxide (ScHRYVER and 
Legs), T., 577; P., 1901, 55. 
Methoxycaronic . acid and anhydride 
(PERKIN and THorps), T., 761. 
Methoxyethoxy-silicon dichloride and 
-isobutyloxysilicon chloride (Kippine 
and Luoyp), T., 458; P., 1901, 32. 
acid (GIL- 


Methyl alcohol, esterification of, by 
nitrophthalic anhydride (McKeEn- 
ziz), T., 1140; P., 1901, 186. 

influence of, as solvent, on the rotation 
of ethyl tartrate (PATTERSON), T., 
173 ; P.,-1900, 176. 
Methyl ether, preparation of (NEWwTH), 
T., 917; P., 1901, 147. 
Methyl-acetaldoxime and -isoacetald- 
oxime and the hydrolysis and reduction 
of the iso-compound (DuNnsTAN and 
Govu.pine@), T., 635; P., 1901, 84. 
Methyl-acetophenoxime and -isoaceto- 
phenoxime and the hydrolysis and re- 
duction of the iso-compound (DuUNSTAN 
and GouLpDINe), T., 637; P., 1901, 84. 
Methyl-acetoxime and -isoacetoxime and 
the hydrolysis and reduction of the iso- 
compound (DuNsTAN and GouLDIN6), 
T., 630; P., 1901, 84. 
a-Methylacrylicacid, ethyl ester, action of 
ethyl oxalate on (LAPWoRTH), T., 1282. 
a-Methyladipic ecid, preparation and 
dissociation constants of (MELLOR), 
T., 130; P., 1900, 215. 


INDEX OF 


Methylaminophenylthiodiazole and its 
hydrochloride and platinichloride, and 
acetyl derivative (YounG and Eyre), 
T., 56; P., 1900, 188. 

Methylanhydracetonebenzils, a- and B-, 
and a-Methylanhydracetonedibenzil 
and its potassium salt (JApP and MEL- 
prum), T., 1028; P., 1901, 175. 

Methylaniline, action of acetylchloro- 

amino-2:4-dichlorobenzene on 
(CHATTAWAY and Orton), T., 465 ; 
P., 1901, 39. 

o-chloro- (CHATTAWAY and Orton), 
T., 465; P., 1901, 39. 

Methyl isobutenyl ketone. 
oxide. 

Methylearbimide (methyl isocyanate), 
absorption spectra of (HARTLEY, 
Dossiz, and LAupEr), T., 856; P., 
1901, 125. 

a-Methylcinnamic acid, menthyl ester, 
and the reduction of its fatty 
esters (COHEN and WHITELEY), T., 
1311. 

Methyldibenzoylmethane (ABELL), T., 
931; P., 1901, 128. 

Methyldiphenylcyclopentenone and its 
phenylhydrazone and 1-Methyl-2:3- 
diphenyleyclopentane (JArP and 
MEtpRUM), T., 1032; P., 1901, 


See Mesityl 


Methylethylamine, formation of (Dun- 
STAN and GOULDING), T., 639. 
d-Methylethylthetine platinichloride, d- 
camphorsulphonate, and d-bromo- 
camphorsulphonate (PopE and PEACH- 
EY), P., 1900, 163. 
Methylfurfuraldehyde (methylfurfural), 
preparation of, and its w-bromo- 
and w-chloro-derivatives (FENTON 
and GostTLine), T., 361, 807; P., 
1901, 22, 119. 
a-Methylglutaric acid (butanedicarb- 
oxylie acid), preparation and dissocia- 


tion constants of (MELLOR), T., 126; | 


P., 1900, 215. 

Methylhexylcarbinol. 
alcohol, 

8-Methylhydrindene, a-amino-, and its 
hydrochlorides, and their platinichlor- 
ides and benzoyl derivatives (Krp- 
PING and CLARKE), P., 1901, 181. 

8-Methylhydrindone and its oxime 
(KippIng and CLARKE), P., 1901, 
181. 

Methylmalonic acid (isoswccinic acid ; 
ethanedicarboxylic acid), sodium de- 
rivative, action of, on mesityl oxide 
(CrosstEy), T., 189; P., 1900, 90. 

Methylnapthiminazole, Gallinek’s (MEL- 
— and STREATFRILD), P., 1900, 

83, 


See sec. Octyl 
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a-Methylpimelic acid (hexanedicarboxylic 
acid), dissociation constants of (MEL- 
LOR), T., 1381; P., 1900, 215. 

Methylisopropylamine and its salts 
(DunsTAN and Govu.pIne), T., 640. 

8-Methyl-5-propyl-1:4-benzopyrone 
(RUHEMANN), T., 921; P., 1901, 155. 

5-Methyl-8-propyl- and 8-Methyl-5- 
propy1-1:4-benzopyrone-2-carboxylic 
acids (RUHEMANN), T., 920; P., 1901, 
155. 

Methylsemicarbazide, v. Briining’s, 
action of benzaldehyde on (Youne and 
OatEs), T., 665; P., 1901, 86. 

Methylsuccinic acid, menthyl ester 
(CoHEN and WHITELEY), T.,1310; P., 
1900, 213. 

Methyltricarbimide (methyl isocyan- 
wrate), absorption spectraof (HARTLEY, 
Dopsiz, and LAupDER),-T., 859; P., 
1901, 125. 

Migration, successive, of groups (LAP- 
wortH), T., 1265; P., 1901, 2, 93. 
Minerals, simple method for the spectro- 
graphic analysis of (HARTLEY and 

RAMAGE), T., 61 ; P., 1900, 191. 

Molecular-solution-volume of ethyl 
tartrate (PATTERSON), T., 214, 482; 
P., 1900, 177 ; 1901, 41. 

Molybdenum boride (‘TUCKER 
Moopy), P., 1901, 129. 

Moorland waters, the origin of the 
combined chlorine in (ACKRoyD), 
T., 673; P., 1901, 87. 

Morphenol methyl ether (ScHRYVER 
and Less), T., 578; P., 1901, 55. 

Morphide, chloro-, action of water on 
(SCHRYVER and Legs), T., 579; P., 
1901, 55. 


and 


| Morphine and zsomorphine, relationship 


between (ScHRYVER and Less), T., 
566; P., 1901, 55. 

isoMor phine, action of hydrobromic acid, 
of phosphorus tribromide and _ tri- 
chloride, and of sodium ethoxide and 
methyl iodide on; and its diacetyl 
derivative (ScHRYVER and LEgs), T., 
573; P., 1901, 55. 

B-isoMorphine, preparation and separa- 
tion of, from isomorphine, and its 
methiodide (ScHRYVER and Less), T., 
569; P., 1901, 54. 


N, 


Naphthylallophanic acids, a- and £B., 
ethyl esters (PICKARD and CARTER), 
T., 845; P., 1901, 123. 

a-Naphthylamine, interaction of, with 
eure (Drxon), T., 105; 

., 1900, 208. 
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Naphthylamines, a- and §-, acetylation 
of (SupBoroveH), T., 539; P., 
1901, 45. 

additive compounds of, with trinitro- 
benzene and -toluene and their acetyl 
derivatives, with ethyl trinitro- 
benzoate, ethyl and methy] picrates, 
and with picramide (SUDBOROUGH), 
T., 525; P., 1901, 44. 
Naphthylamines, a- aud £-, B- and a- 
nitroso-, action of nitrous acid on 
(HARDEN and OKELL), P., 1900, 
229. 
Naphthylbiurets, a- and B- (PICKARD 
and CARTER), T., 845; P., 1901, 123. 
a-Naphthylgalactoside, preparation of 


(Ryan and Mitts), T., 705; P. 1901, | 


90. 


Naphthylhydroxyoxamides, a- and B-, | 


and their acetyl derivatives, reactions 


of (PICKARD and CARTER), T., 844; | 


P., 1901, 123. 


Neodymium, atomic weight of, and its | 


oxides (BRAUNER), P., 1901, 66. 
Nerium odorum, constituents of the root 
of (Bose), P., 1901, 92. 
Nickel, action of ammonia on, at high 


temperatures (BEILBY and HENDER- | 
| Oroxylin, isolation of, and its triacetyl 


son), T., 1251; P., 1901, 190. 
nitride (BEILBY and HENDERSON), T., 
1252; P., 1901, 190. 

Nitrates, action of Bacteria on (PAKES 
and JOLLYMAN), T., 322, 459; P., 
1900, 189; 1901, 39. 

Nitrilosulphates (Divers and Haaa), 
T., 1093; P., 1901, 164. 

Nitrogen produced by Bacillus pyo- 

oe PakEs and JOLLYMAN), 
T., 322; P., 1900, 189. 

atomic weight of (Scotr), T., 147; 
P., 1900, 204. 

valency of (Pork and Harvey), T., 
828; P., 1901, 120. 

quinquevalent, isomeric salts contain- 
ing (Krpprne and HAtt), T., 430; 
P., 1901, 37. 

Nitrogen bromides and chlorides, sub- 

stituted (CHATTAWAY and ORTON), 
T., 274, 816; P., 1900, 231; 1901, 
124, 

action of, on amines and phenylhydr- 
azine (CHATTAWAY and OrTon), T., 
461; P., 1901, 38. 

Nitrogen monoxide (nitrous oxide), latent 

heat of evaporation of (CROMPTON), 
P., 1901, 62. 

dioxide (nitric oxide), preparation of ; 
lecture experiment (SENIER), P., 
1900, 227. 

peroxide (tetroxide), liquid, as a solvent 
(FRANKLAND and Farmer), T., 
1356 ; P., 1901, 201. 
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Nonaldehyde from oil of lemons (Bur- 
GEss), P., 1901, 171.° 

ase 5 aremcemey. gy acid (WALKER 
and LumspEn), T., 1194. 

Nonoic acid (pelargonic acid) from the 
action of fused potash on dihydroxy- 
stearic acid (Lz SuxEur), T., 1314; 
P., 1900, 91. 

0. 


Obituary notices :— 
Edmund Atkinson, T., 872, 888. 
Sir John Conroy, T., 889. 
Thomas Flower Ellis, T., 872. 
Sir John Bennet Lawes, T., 873, 890. 
Stevenson Macadam, T., 897. 
Richard Reynolds, T., 873. 
Saville Shaw, T., 875. 

sec.Octyl alcohol (methylhexylcarbinol), 
influence of, as solvent, on the rota- 
tion of ethyl tartrate (PATTERSON), 
T., 480; P., 1901, 40. 

Optically active compounds, production 
of, from inactive substances (COHEN 
and WHITELEY), T., 1305 ; P., 1900, 
212 ; (Krprine), P., 1900, 226. 

Organic compounds, form of change in 
(LAPworRTH), T., 1265; P., 1901, 93. 


and dibromo-derivatives, and decom- 
position products (NayLor and 
Dyer), T., 954; P., 1901, 148. 

Osyritrin from Osyris compressa (PER- 
KIN), P., 1901, 88. 

Oxalacetic acid, action of ammonia, 
aniline, hydrazine, hydroxylamine, 
phenylhydrazine, benzylphenyl- 
hydrazine, and urea on, and its 
oxidation (FENTON and Jongs), T., 
91; P., 1900, 205. 

phenylhydrazone, hydrazone, and 
hydrazine salt of the hydrazone 
(FENTON and Jonzs), T., 91; P., 
1900, 205. 

Oxalic acid, ethyl ester, condensation of, 
with o- and p-nitrotoluenes and with 
ethyl crotonate and a-methylacrylate 
(LAPwortH), T., 1272; P., 1900, 109, 
132. 

Oxalic diethyl ether, semi-imino-, pre- 
paration of (LANDER), T., 702; P., 
1901, 61. 

y-Oxalocrotonicacid, and its ethyl ester 
(LapwortH), T., 1276; P., 1900, 
132 ; 1901, 96. 

Oxanilic acid, ethy] ester, and Oxanil- 
ide, alkylation of (LANDER), T., 699; 
P., 1901, 59. 

o-Oxyazo-compounds, bromination of, 
and its bearing on their constitution 
(Hewitt and Puiwtips), T., 160; 
P., 1900, 223. 


INDEX OF 


Oxygen, evolution of, from the decom- 
position of chlorates (SopEAU), T., 
247; P., 1900, 209. 

evolved by Bacillus pyocyaneus (PAKES 
and JOLLYMAN), T., 322; P., 1900, 
189. 

absorption of, by yeast (HARDEN and 
Row.LAnD), T., 1231; P., 1901, 189. 


P. 


Paraffins in tobacco leaf (THoRPE and 
Homes), T., 982; P., 1901, 170. 

Partition of ammonia between chloro- 

form and aqueous solutions of alkali 
salts (DAwWson and McCrag), T., 
493; P., 1901, 5. 

of ammonia between chloroform and 
aqueous solutions of salts of the 
alkaline earths (DAwson and 
McCrak), T., 1069; P., 1901, 177. 

of ammonia between chloroform and 
water, and aqueous copper sulphate 
and chloroform at varying tempera- 
tures (DAWson and McCrags), T., 
1072; P., 1901, 178. 

Pelargonic acid. See Nonoic acid. 

Pentanedicarboxylic acids. See :— 
Dimethylglutaric acid. 
Ethylglutaric acid. 

Pentanetricarboxylic acid. 
Ethyltricarballylic acid. 

—— acid. See Hexenoic 
acid. 

Pheno-a-aminoheptamethylene and its 
salts and benzoyl derivatives (K1pPING 
and HunTER), T., 609; P., 1901, 68. 

Pheno-a-ketoheptamethylene and _ its 
oxime and _ semicarbazone; and 
oxidation of (Kippine and Hunter), 
T., 606; P., 1901, 68. 

Phenol, action of, on benzylidene chloride 

(MACKENZIE), T., 1216; P., 1901, 
150 


T., 


See :— 


substitution in (LAPWORTH), 
1267. 

Phenol, 2:6-dibromo-4-amino-, and its 
benzoyl derivative (Forster and 
RoBertson), T., 690; P., 1901, 116. 

2:6-dibromo-4-nitroso-, preparation of, 
and its acetyl, benzoyl and potassium 
derivatives ; the action of nitric acid 
on, and reduction of (ForsTER and 
Rosertson), T., 686; P., 1901, 116. 

Phenols, condensation of, with esters of 
the acetylene series (RUHEMANN and 
Bavsor), T., 470; P., 1901, 40; 
(RUHEMANN and WraG6G), T., 1185 ; 
P., 1901, 187. 

displacement of alkyls from, by nitra- 
tion (LARTER), P., 1901, 183. 
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8-Phenoxycrotonice acid and its ethyl 
ester (RUHEMANN and Wraae), T., 
1189 ; P., 1901, 188. 

Phenoxymethoxyethoxy-anilinosilicon 
and -menthoxysilicon (KipPinc and 
Luoyp), T., 458; P., 1901, 32. 

Phenoxymethoxy-silicon dichloride and 
-ethoxysilicon chloride (Krpprne and 
Lioyp), T., 457; P., 1901, 32. 

8-Phenoxypropylene (RUHEMANN and 
Wrace), T.,. 1190; P., 1901, 
188. 

Phenoxy-p-tolyloxy-isopropyl chloride 
and __-isopropylphosphorous acid 
(Born), T., 1226; P., 1901, 189. 

Phenylacetonitrile (benzyl cyanide), 
action of dry silver oxide and ethyl 
iodide on (LANDER), P., 1901, 59. 

Phenylacetylmethylamide, p-nitro- 
(Orton), T., 1353; P., 1901, 200. 

B-Phenylacrylic acid. See Cinnamic 
acid. 

Phenylamino-. See Anilino-. 

Phenylbenzylhydrazine, action of, on 
oxalacetic acid (FENTON and JONEs), 
T., 97; P., 1900, 205; 1901, 26. 

Phenyl-a-benzylmethylallylammonium 
salts, d- and /- (PopE and HARVEY), 
T.,'828 ; P., 1901, 120. 

Phenylbiuret (PickArD and CARTER), 
T., 843; P., 1901, 123. 

Phenylearbimide (phenyl isocyanate), 
action of, on diphenyl-, dialphyl-, and 
dinaphthyl-diamines (SENIER and 
Goopwitn), T., 258; P., 1900, 228. 

Phenylchloroacethydrindamides, _iso- 
meric (Krpprne and HAtt), T., 445; 
P., 1901, 36. 

2-Pheny1-1:3-dimethy1-1:3-dibenzoyl- 
propane and its isomeride, and the 
action of ammonia and hydroxylamine 
hydrochloride on (ABELL), T., 933 ; 
P., 1901, 128. 

Phenyl ethyl ketone, condensation of, 
with benzaldehyde, and with benzyl- 
idenepropiophenone (ABELL), T., 928 ; 
P., 1901, 128. 

Phenylhydrazine, action of acetylbromo- 
andacetylchloro-amino-2:4-dichloro- 
benzenes on (CHATTAWAY and 
Orton), T., 467; P., 1901, 39. 

action of, on §-chloroallylthiocarb- 
imide (Drxon), T., 554; P., 1901, 
49. 

action of, on oxalacetic acid (FENTON 
and Jongs), T., 91; P., 1900, 205. 

Phenylhydroxyoxamide, and its acetyl 
derivative, reactions of (PICKARD and 
CARTER), T., 842; P., 1901, 123. 

Phenylmethyl-n-acetylglutarimide-a- 
carboxylic acid (CARTER and Law- 
RENCE), P., 1900, 179. 
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8-Phenyl-a-methyl-a-cyanoglutaric 
acid, ethyl ester, and its isomeride, 
and the action of acetic chloride on 
(CARTER and LAWRENCE), P., 1900, 
178. 
B-Phenyl-a-methyl-a-cyanoglutaric 
anhydride (CARTER and LAWRENCE), 
P., 1900, 179. 
8-Phenyl-a-methylglutaric acid and its 
nitro-derivatives, and the action of 
acetic chloride on (CARTER and LAw- 
RENCE), P., 1900, 180. 
Phenylmethylglutarimide-a-carboxylic 
acid and its isomeride, and the action 
of acetic chloride on (CARTER and 
LAWRENCE), P., 1900, 179. 
3-Phenyl-1-methylhydroxytriazole, and 
m-nitro-, and acetyl and silver deriv- 
atives (YouNG and Oates), T., 662; 
P., 1901, 86. 
2-Phenyl-1-methylmercaptotriazole 
(Youne and Oarss), T., 668; P., 
1901, 86. 
B-Phenyl-a-methyl-aay-propanetricarb- 
oxylic acid (CARTER and LAWRENCE), 
P., 1900, 179. 
Phenylmethylthiodiazoline, imino-, and 
its acetyl derivative and platinichlor- 
ide (Youne and Eyre), T., 58; P., 
1900, 188. 
2-Phenyl-1-methyltriazole (Youne and 
OatTsEs), T., 668 ; P., 1901, 86. 
Phenyl-a-naphthylcarbamide, formation 
of (Dixon), T., 105; P., 1900, 208. 
Phenyl-a- and -8-naphthylcarbazoles, 


and the nitroso-, acetyl, and benzoyl | 


derivatives of the a-compound (JAPP | 


and MAITLAND), P., 1901, 176. 

Phenylnitrotolylsemithiocarbazide 
(Pore and Hrrp), T., 1143; P., 
1901, 186. 

5-Phenyl-3-csooxazolone, benzoyl de- 
rivative (PICKARD and NevILue), T., 
848 ; P., 1901, 127. 

Phenylpropiolic acid, ethyl ester, action 

of, on thymol (RUHEMANN), T., 
918 ; P., 1901, 155. 

action of, on the sodium derivative 
of m-xylenol (RUHEMANN and 
Wraae), T., 1187; P., 1901,.187. 

Phenylthiodiazole and amino-, and its 
acetyl derivative, and hydrochloride 
(Youne and Eyre), T., 58; P., 1900, 
188. 

Phenyl-o- and -y-tolylearbamides, forma- 
tion of (Dixon), T., 102; P., 1900, 
208. 

-Phenyltriazole (Younc and Oarss), 
T., 665; P., 1901, 86. 

Phenylurethane, interaction of, with a- 


naphthylamine and o- and p-toluidines | 


(Dixon), T., 102; P., 1900, 207. 


INDEX OF SUBJECTS, 


Phenylvaleric acid, preparation of, and 
the action of aluminium chloride on 
its chloride (Kiprinec and Hunter), 
T., 604; P., 1901, 68. 

Phosphorus, space configuration of the 

valencies of (CAVEN), P., 1901, 26. 
amorphus, solubility of, in aqueous 


alcoholic potash (BurcGEss and 
CHAPMAN), T., 1243; P., 1901, 
190. 


Phosphorus ¢richloride, action of thio- 
cyanate on (Dixon), T., 545; P., 
1901, 50. 
tri- and penta-chlorides, action of, on 
glycerol diaryl ethers (Boyp), T., 
1221; P., 1901, 188. 

suboxide, non-existence of (BurcEss 
and CHAPMAN), T., 1235; P., 1901, 
189. 

‘* Phosphorus and Phosphoryl ¢rithio- 
cyanate,” action of aniline and o- 
toluidine on (Dixon), T., 546; P., 
1901, 51. 

Phosphoryl chloride, action of lead thio- 
cyanate on (Dixon), P., 548 ; P., 
1901, 50. 

organic derivatives of (CAVEN), P., 
1901, 26. 

PHOTOCHEMISTRY :— 

Polarisation :— 

Rotation, influence of a heterocyclic 
group on (FRANKLAND and 
Aston), T., 511; P., 1901, 41. 

of optically active compounds, in- 
fluence of solvents on (PATTER- 

‘ son), T., 167, 477; P.; 1900, 
176 ; 1901, 40. 

of d-dimethoxysuccinic acid and its 
salts and esters (PURDIE and 
IrvINnE), T., 959; P., 1901, 157. 

of ethereal dimethoxysuccinates and 
tartrates, influence of solvents on 
(PurDIE and Bargour), T., 971; 
P., 1901, 158. 

of dipyromucyltartaric methyl 2nd 
ethyl esters (FRANKLAND and 
Aston), T., 519; P., 1901, 41. 

of certain ethers and esters (GUYF), 
T., 475; P., 1901, 48. 

of the amides, anilides, and o- and 
p-toluidides of  glyceric acid 
(FRANKLAND, WHARTON, and 
Aston), T., 266; P., 1901, 6. 

of methyl tartrate (PATTERSON and 
Dickinson), T., 283; P., 1901, 4. 

of ethyl sec.octyl tartrate and its 
dibenzoyl and diacety] derivatives 
(McCrak), T., 1106; P., 1901, 
186. 

Magnetic rotation of tetramethylene- 
carbinol (PERKIN), T., 331; P., 
1901, 33. 


Mm 


INDEX OF 


PHOTOCHEMISTRY :— 

Refraction of 

(MADAN), T., 
127. 

of tetramethylenecarbinol (PERKIN), 
T., 331; P., 1901, 33. 

Dispersion of colloid piperine(MADAN), 
T., 926; P., 1901, 127. 

Spectra of cyanogen compounds 
(HartLEy, Dossiz, and LAUDER), 
T., 848; T., 1901, 125. 

Spectrographic analysis of minerals, 
simple method for the (HARTLEY 
and RAMAGE), T., 61; P., 1900, 
191. 

Phthalic acid, 3-nitro-, preparation and 


colloid 
925 ; 


piperine 


P., - 1901, 


esterification of (MCKENZIE), T., 1135; | 


P., 1901, 186. 

Phthalic anhydride, 3-nitro-, preparation 
of (McKenzie), T., 1137. 

Physiological action of coriamyrtin and 
tutin (EASTERFIELD and Aston), T., 
124; P., 1900, 212. 

a-Picoline from Scottish shale oil 
(GARRETT and SMYTHE), P., 1900, 190. 

Picramide, additive compounds of, with 
a and* £-naphthylamine (Sup- 
BOROUGH), T., 532; P., 1901, 44. 

Picric acid (2:4:6-trinitrophenol), methyl 
and ethyl esters, additive compounds 
of, with a-naphthylamine (Sup- 
BOROUGH), T., 582; P., 1901, 44. 

Pilocarpine, constitution of, and 
dibromo-derivative (JowEtTtT), T., 580, 
1331 ; P., 1901, 56, 198. 

isoPilocarpine, action of bromine, and 

various reagents on, and its oxida- 
tion (JOwETT), T., 582, 1383; P., 
1901, 56, 198. 

mono- and di-bromo-, and the reduc- 
tion and oxidation of the dibromo- 
derivative (JowETT), T., 583; L., 
1901, 56. 

isoPilocarpinie acid and mono- and di- 
bromo-, and the action of reducing 
agents on the bromine derivatives 
(JowETT), T., 583; P., 1901, 56. 

isoPilocarpinolactone (Jowett), T., 594; 
P., 1901, 56. 

Pilopic acid, and its constitution, methyl 
ester, anilide barium and _ acid 
strychnine salts (JowrTr), T., 580, 
1335; P., 1901, 56, 198. 

Pilopinie acid and its ethyl 
(Jowett), T., 585; P., 1901, 56. 

i-Pimarie acid from sandarac resin, and 
its salts, and ethyl ester (HENry), T., 
1151; P., 1901, 187. 


ester 


its | 


n-Pimelic acid and the ——— and | 


electrolysis of its ethy 
(WALKER and LumspEN), T., 1198; 
P., 1901, 188. 


potassium salt | 
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d-Pinene from sandarac resin (HENRY), 
T., 1150; P., 1901, 187. 

Piperidine, action of, on ,8-chloroallyl- 
thiocarbimide (Dixon), T., 559; P., 
1901, 49. 

Piperine, the colloid form of, and its 
dispersive and _ refractive powers 
(MADAN), T., 922; P., 1901, 127. 

Pipette, a calibrating mercury (BELL), 
P., 1901, 179. 

Platinum, action of ammonia on, at high 
temperatures (BEILBY.and HENDER- 
son), T., 1253; P., 1901, 190. 

Polyiodides, nature of, and their dis- 
sociation in aqueous solution (DAw- 
son), T., 238; P., 1900, 215. 

Potassium salts, combination of, with 
ammonia in aqueous solution (DAaw- 
son and McCrar), T., 498; P., 
1901, 6. 

Potassium chlorate, the supposed me- 
chanical facilitation of the decom- 
position of (SopEAUv), T., 939; P., 
1901,1149. 

chloride, influence of cane sugar on 
the conductivity of solutions of 
(MARTIN and Masson), T., 707 ; P., 
1901, 91. 

hydroxide, influence of cane sugar on 
the conductivity of solutions of 
(MarTIN and Rtanesel: T., 707; 
P., 1901, 91. : 

triiodide, nature of (Dawson), T., 
238 ; P., 1900, 215. 

imidosulphite (DtvErs and Ocawa), 
T., 1101; P., 1901, 164. 

and potassium sodium nitrilosulphates 
(Drvers and Haea), T., 1096; P., 
1901, 164. 

Pottery manufacture, solubility of lead 
silicates in (THORPE and SIMMONDs), 
T., 791; P., 1901, 113. 

Praseodymium, atomic weight of (Brau- 
NER), P., 1901, 65. 

tetroxide and peroxide (BRAUNER), P., 
1901, 66. 

Propanedicarboxylic acid. See :— 
Methylsuccinic acid. 

n-Propyl alcohol, influence of, as 
solvent, on the rotation of ethyl 
tartrate (PATTERSON), T., 176; P., 
1900, 176. 

Propyl-acetaldoxime and _ -isoacetald- 
oxime, and the hydrolysis and reduc- 
tion of the zso-compound (DUNSTAN 
and GovuLDING), T., 637 ; P., 1901, 84. 

Propyl-acetoxime and -isoacetoxime and 
the hydrolysis and reduction of the 
iso-compound (DuNsTAN and GouLD- 
ING), T., 634; P., 1901, 84. 


| B-isoPropyl-y-acetylbutyric acid (Cross- 


LEY), P., 1901, 172. 
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a-Propyladipic acid (heptanedicarboxylic 
acid), preparation and 
constants of (MELLOR), T., 131; P., 
1900, 215. 
n-Propylanhydracetonebenzils, a- and 
B- (JApPp and Metprum), T., 1040; 
P., 1901, 176. 
a-Propylbutanetricarboxylic acid, ethyl 
ester (MELLOR), T., 131; P., 1900, 
215. 
Propylene, preparation of (NEwrn), T., 
917; P., 1901, 147. 
Propylenedicarboxylic acids. 
Glutaconic acid. 
Mesaconic acid. 
a-Propylglutaric acid (heaxanedicarb- 
oxylic acid), preparation and dis- 
sociation constants of (MELLOR), T., 
129; P., 1900, 215. 
a-isoPropylglutaric acid (hexanedicarb- 
oxylic acid), dissociation constants of 
(MELtor), T., 129. 
isoPropylideneacetone. 
oxide. 
Propylmalonic acid (butwnedicarboxylic 
acid), eyano-, ethyl ester (MELLOR), 
T., 180; P., 1900, 215. 
a-Propylpropanetricarboxylic acid,ethyl 
ester (MELLOR), T., 129. 
Propylthiocarbimide, B-chloro-By-di- 
bromo- and the action of aniline and 
benzylamine on (Dixon), T., 560; P., 
1901, 50. 
Pyrantin. 
imide. 
Pyrazolone-3-carboxylic acid (FENTON 
and Jongs), T., 94; P., 1900, 205. 
Pyridine, use of, for molecular weight 
determinations by the ebullioscopic 
method (INNEs), T., 261 ; P., 1900, 
223. 
chlorine derivatives of (SELu and 
Doortson), T., 899; P., 1901, 131. 
Pyromucic acid and Pyromucy] chloride, 
preparation of (FRANKLAND and 
Aston), T., 515; P., 1901, 41. 
Pyromucylhydroxamic acid and its 
benzoyl derivative (PickARD and 
NEVILLE), T., 847 ; P., 1901, 127. 
a-Pyrone-a’-carboxylic acid. See Cou- 
malin-6-carboxylic acid. ; 
Pyruvic acid, hydrazone of (FENTON 
and JonEs), T., 91; P., 1900, 205 ; 
1901, 24. 
nitrotolylhydrazone and its ethyl ester 
(PorE and Hrirp), T., 1142; P., 
1901, 186. 
Pyruvic acid, menthyl ester (ConEN and 
WHITELEY), T., 1309; P., 1900, 213. 


See :— 


See 


Mesityl 


See y-Ethoxyphenylsuccin- 


dissociation - 
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Racemisation of a-bromocamphor (Krp- 
PInG), T., 370; P., 1901, 32. 

Refraction. See Photochemistry. 

Resins, sandarac, constituents of 
(Henry), T., 1144; P., 1901, 187. 

Rhamnazin and Rhamnetin (PERKIN 
and Atuison), P., 1900, 181. 

Ring formation, influence of the methyl 
group on (GILBopY and SPRANKELING), 

-» 1900, 224. 

Robinia Pseudacacia, colouring matter 
from the flowers of (PERKIN), P., 
1901, 87. 

Robinin and its decomposition (PERKIN), 
P., 1901, 87. 


Salicylaldehyde methyl ether, new 
method of preparing (IRVINE), T., 
668 ; P., 1901, 88. 

nitrotolylhydrazone (Popr and Hrrp), 
T., 1143; P., 1901, 186. 

Santalenic acid, and its salts, methyl 
ester and bromine derivative (CHAp- 
MAN), T., 184; P., 1900, 204. 

Shale oil, Scottish, bases in (GARRETT 
and SmMyTHE), P., 1900, 185. 

Silicates, spectrographic analysis of 
(Hartiey and Ramage), T., 67; P., 
1900, 191. 

Silicon tetraphenyl and _ tetraethyl, 
preparation of (Kipprne and Ltioyp), 
T., 451; P., 1901, 32. 

Silver, action of ammonia on, at high 
temperatures (BEILBY and HENDER- 
son), T., 1253; P., 1901, 190. 

chlorate, decomposition of (SoDEAU), 
T., 249; P., 1900, 209. 

oxide, dry, and ethyl iodide, action of, 
on benzoylacetic ester, deoxybenzoin 
and benzyl cyanide (LANDER), P., 
1901, 59. 

Sodium salts, combination of, with 
ammonia in aqueous solution (Daw- 
son and McCragz), T., 499; P., 
1901, 6. 

sulphate, influence of, on the vapour 
pressure of aqueous ammonia solu- 
tions (PERMAN), T.,; 725; P., 1901, 
47. 

and sodium potassium nitrilosulphates 
(Divers and Haa@a), T., 1096; P., 
1901, 164. 

Solubility of chlorine in aqueous hydro- 
chloric acid (MELLOR), T., 225; P., 
1900, 221. 

of n-decanedicarboxylic acid (WALKER 
and LumspDEN), T., 1202; P., 1901, 
188. 
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Solubility of hydroxyazobenzene (Farm- 
ER), T., 865; P., 1901, 129. 

of red phosphorus in aqueous alcoholic 
potash (BuRGEss and CHAPMAN), 
T., 1248; P., 1901, 190. 

of tutin (EASTERFIELD and Aston), 
T., 124. 

Solvent, liquid nitrogen peroxide as a 
solvent (FRANKLAND and FARMER), 
T., 1856 ; P., 1901, 201. 

Solvents, influence of, on the rotation 
of optically active compounds (Pat- 
TERSON), T., 167, 477; P., 1900, 
176 ; 1901, 40. 

influence of, on the rotation of ethereal 
dimethoxysuccinates and  tar- 
trates (PURDIE and BARBOUR), 
T., 971; P., 1901, 158. 

Specific gravity. See Density. 

Spectrum. See Photochemistry. 

Starch-granules, combined action of 
diastase and yeast on (Morris), T., 
1085; P., 1901, 178. 

Stearamide (Orton), T., 
1901, 200. 

Stilbene, w-dinitro- (SuDBoROUGH), P., 
1901, 68. 

Strontium nitrate, combination of, with 
ammonia in aqueous solution (DAWsON 
and McCrakg), T., 1069; P., 1901, 177. 

3-Styrenyl-1-methylhydroxytriazole and 
its silver salt and acetyl derivative 

(Youne and Oates), T., 666; P., 

1901, 86. 

Substance, C,,HN.Cl,,, reactions of (SELL 
and Dootson), T., 899 ; P., 1901, 
131. 

C,,HON,Cl,, from the action of 
stannous chloride on C,,HN,Cl,,, 
and of heat on C,,HON,Cly (SELL 
and Doorson), T., 905; P., 1901, 
131. 

C,,HON,Cly, from the action of water, 
alcohol, or weak acids on C,)HN,Cl,, 
(Szxt and Doorson), T., 902; P., 
1901, 131. 

C,,HO.N,Cl,, from the action of 
es go acid on C,,HN,Cl,, (SELL 
and Dootson), T., 903; P., 1901, 

131. 

C,,H,ON;, from the action of stannous 
chloride and hydrochloric acid on 
the potassium salt of a- and B- 
nitroso-B- and -a-naphthylamines 
(HARDEN and OKELL), P., 1900, 229. 

C,)H,,0.NBr, from the oxidation of 
Grol 70.N2Br (ForstER), T., 657; 


1356; P., 


op bf 


C,)H,,O.No, and its salts, from the 
action of caustic soda on C,)H,,O, 
N,Br (Forster), T., 658; P., 1901, 
88, 
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Substance, C,)H,,O,N,Br, from the 
action of hydroxylamine on 1:1- 
bromonitrocamphane anhydrides 
(Forster), T., 654; P., 1901, 88. 

C,,H,0,, from bromomethylfurfural 
and sulphurous acid (FENTON and 
GosTLINnG), T., 815; P., 1901, 119. 

C,.Ha)N,4, and its hydrochloride and 
platinichloride, from acetonylacetone 
and hydrazine hydrate (Gray), T., 
682; P., 1901, 90. 

C,,H,N,, from acetonylacetone and 
hydrazine hydrate (Gray), T., 684; 
P., 1901, 90. 

C.,H 0,4, from the oxidation of tetra- 
phenyleyclopentenolone (HENDER- 
son and CoRSTORPHINE), T., 1261 ; 
P., 1901, 191. 

from oil of lemons (BurgEss), P., 
1901, 171. 

Substitution in phenol (LAPworrTs), 

T., 1267. 

isoSuccinic acid. See Methylmalonic acid. 

Sucrose (cane sugar;  saccharose), 

influence of, on the conductivities of 

solutions of potassium chloride, 
hydrogen chloride, and tassium 
hydroxide (MARTIN and erry 

T., 707; P., 1901, 91. 

Sugars from cellulose (FENnron), P., 

1901, 166. 

Sulphur dioxide, latent heat of evapor- 

ation of (CRompron), P., 1901, 62. 


T. 


Taka-diastase, action of, on starch 
solutions, and reversed ferment action 
(Hitt), P., 1901, 184. 

d-Tartaric acid, esters, influence of 
solvents on the rotation of (PURDIE 
and Barsour), T., 971; P., 1901, 
158, 

ethyl ester, influence of solvents on 
the rotation of (PATTERSON), T., 
167, 477 ; P., 1900, 176; 1901, 40. 
molecular-solution-volume of (Pat- 
TERSON), T., 214, 482; P., 1900, 
177 ; 1901, 41. 
ethyl sec,octyl ester and its dibenzoyl 
and diacetyl derivatives (McCRaE), 
T., 1103; P., 1901, 186. 
methyl and ethyl esters, preparation 
of, and rotation of the methyl ester 
(PATTERSON and Dickinson), T., 
280; P., 1901, 4. 

Tautomerism of metallic derivatives of 
organic amides (TITHERLEY), T., 
407 ; P., 1901, 31. 

occurring amongst the thiocyanates of 
electro-negative radicles (Drxon), 
T., 541; P., 1901, 50. 
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Tecomin, the colouring matter of Big- 
nonia Tecoma (LEE), T., 284; P., 
1901, 4. 

Temperature. See Thermochemistry. 

Terpenes from sandarac resins (HENRY), 
T., 1149; P., 1901, 187. 

Terpenylic acid (PERKIN), P., 1900, 
215. 

ac-Tetrahydro-8-naphthylamine, resolu- 
tion of (Porpr and Harvey), T., 75; 
P., 1900, 206. 

d-ac-Tetrahydro-8-naphthylamine and 
its platinichloride, and benzoy], acetyl, 
and benzylidene derivatives (PorE and 

HaRVEY), T., 81; P., 1900, 206. 

d- and _ J-ac-Tetrahydro-8-naphthyl- 
amines, and their d- and /-bromocam- 
phorsulphonates, hydrochlorides and 
camphorsulphonates ; and their race- 
misation (Pore and Harvey), T., 
75; P., 1900, 206. 

Tetrahydroisophthalic acid from tetra- 
hydrotrimesic acid (LAWRENCE and 
PERKIN), P., 1901, 47. 

Tetrahydro-xylic acid and its dibromo-, 
and methyl! esters, and anilide (LEEs 
and PERKIN), T., 350; P., 1900, 
20. 

Tetrahydro-xylic acids, stereoisomeric 
(PERKIN and YareEs), T., 1379. 

Tetramethylenecarbinol, preparation 
and physical properties of (PERKIN), 
T., 329; P., 1901, 33. 

1:2:4:5-Tetraphenylcyc/opentene and its 
chloro-derivative and 1:2:4:5-Tetra- 
phenyleyc/opentane (HENDERSON and 

CORSTORPHINE), T., 1263; P., 1901, 

191. 

Tetraphenylcyclopentenol and its acetyl 
and bromo-derivatives (HENDERSON 
and CORSTORPHINE), T., 1261; P., 
1901, 191. 

Tetraphenylcyc/opentenolone, and its 
oxime, p-bromophenylhydrazone, and 
acetyl derivative, and the action of 
bromine, phosphorus pentachloride, 
and alcoholic hydrogen chloride on, 
and oxidation of (HENDERSON and 
CoRSTORPHINE), T., 1258; P., 1901, 
190. 

THERMOCHEMISTRY :— 
Thermodynamics of solutions of chlor- 

ine and hydrogen chloride in water 
(MELLOoR), T., 235. 

Temperature, influence of, on the 
dissociation of copper-ammonia 
sulphate (DAwson and McCrag), 
T., 1072; P., 1901, 178. 

influence of, on the velocity of 
reaction between ethyl alcohol 
and hydrochloric acid (PRICE), 
T., 303; P., 1900, 185. 
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THERMOCHEMISTRY :— 

Latent heat of vaporisation of liquids 
(Crompton), P., 1901, 61. 

Heat of formation of iron nitride 
(FowLER and Harroe), T., 299; 
P., 1900, 210. 

Thiocyanates of electro-negative radicles, 
tautomerism among (Drxon), T., 541; 
P., 1901, 50. 

Thiony] chloride, action of lead cyanate 

on (Dixon), T., 551; P., 1901, 51. 

thiocyanate (Dixon), T., 551; P., 
1901, 51. 

Thiosinamines, halogen-substituted 
(Dixon), T., 553; P., 1901, 49. 

Thorium, chemistry of (BRAUNER), P., 
1901, 67. 

Thymol, displacement of alkyl groups 
from, by nitration (LARTER), P., 
1901, 183. 

sodium derivative, action of ethyl 
chlorofumarate and of ethyl phenyl- 
propiolate on (RUHEMANN), ‘T., 
918 ; P., 1901, 155. 

8-Thymoxycinnamic acid, and its silver 

salt, and ethyl ester (RUHEMANN), T., 

918; P., 1901, 155. 

Thymoxyfumaric acid and its ethy] ester 
(RUHEMANN), T., 919; P., 1901, 
155. 

8-Thymoxystyrene (RUHEMANN), T., 
919; P., 1901, 155. 

Tobacco leaf, occurrence of paraffins in 
(THorrE and Hotmgs), T., 982; P., 
1901, 170. 

Toluene, chlorination of (WYNNE), P., 

1901, 116. 

chlorination of, in presence of the 
mercury-aluminium couple (CoHEN 
and Dakin), T., 1119; P., 1901, 
91. 

Toluene, six dichloro-derivatives, pre- 
paration, nitration, oxidation, and 
sulphonation of (COHEN and DAkIn), 
T., 1121; P., 1901, 91; (WYNNE), 
P., 1901, 116. 

o- and p-nitro-, condensation of, with 
ethyl oxalate, and action of sodium 
ethoxide and amyl nitrite on 
(LAPpwortH), T., 1272; P., 1900, 
109. 


trinitro-, additive compounds of, with 
a- and 8-naphthylamine, and their 
acetyl derivative (SuDBoROUGH), T., 
530; P., 1901, 44. 
Tolueneazodibromophenols and _ their 
acetyl and benzoyl derivatives and 
ethyl ethers (HewiTr and TERVE?), 
T., 1090; P., 1901, 172. 
m-Tolueneazo-o-nitrophenol and __ its 
ethyl ether (Hewitt and LINDFIELD), 
T., 157; P., 1900, 222. 
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Tolueneazo-o-nitrophenols, o- and p-, 
and ethyl ethers and acetyl and 
benzoyl derivatives (Hewirr and 
LINDFIELD), T., 155; P., 1900, 222; 
discussion, P., 222. 

Tolueneazophenols, 0-, 2-, and p-, action 
of bromine on (HEwiIrr and TEeRvVEr), 
T., 1090; P., 1901, 172. 

Toluidines, o- and p-, acetylation of 

(SupBoRouGH), T., 537; P., 1901, 
45. 
action of, on B-chloroallylthiocarbimide 
(Dixon), T., 558; P., 1901, 49. 
interaction of, with phenylurethane 
(Drxon), T., 102; P., 1900, 207. 

Toluidines, o-, i-, and p-, action of 
acetylchloroamino-2:4-dichlorobenzene 
on (CHATTAWAY and ORTON), T., 465 ; 
P., 1901, 39. 

* p-Toluidinoanilino-phosphoric acid,ethy]l 
ester, and -phosphoryl chloride 
(CAVEN), P., 1901, 26. 

p-Toluidinophosphoryl chloride (CAVEN), 
P., 1901, 27. 

Toluo-y-pyrones, o-, 7-, and p-, and their 
carboxylic acids (RUHEMANN and 
Baysor), T., 472; P., 1901, 40. 

p-Tolylallophanic acid, ethyl ester 
(PICKARD and Carrer), T., 844; P., 
1901, 123. 

p-Tolylallylsemithiocarbazide, 
(PorE and Hrrp), T., 1144; P.,‘1901, 
186. 

p-Tolylbiuret (PickARD and CARTER), 
T., 844; P., 1901, 123. 

Tolyl-4-hydrazine, 3-nitro-, and _ its 
acetyl derivative (Pope and Hrrp), 
T., 1141; P., 1901, 186. 

p-Tolylhydroxyoxamide and its acetyl 
derivative, reactions of (PICKARD 
and CARTER), T., 843; P., 1901, 
123. 

Tolyloxyfumaric acids, 0-, m-, and p-, 
action of sulphuric acid on (RUHEMANN 
and Bausor), T., 472; P., 1901, 
40. 

Tolylsemicarbazide, nitro- (PoPE and 
Hirp), T., 1143; P., 1901, 186. 

p-Tolylurethane, interaction of, with 
aniline (Dixon), T., 104; P., 1900, 
208 


Tragacanth. See Gum tragacanth. 
Tragacanthan-xylan-bassoric acids and 


their salts (O’SuLLIVAN), T., 1178; 
P., 1901, 156. 

Tragacanthose (O’SULLIVAN), T., 1182; 
P., 1901, 157. 

Triacetylehloroarabinose, preparation of 
(RyAN and Mus), T., 706; P., 
1901, 90. 

Triazoles, chemistry of the (Youna and 
Oates), T., 659 ; P., 1901, 86. 


nitro- | 
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Triethylmelamine and Triethylisomel- 
amine, absorption spectra of (HARTLEY, 
Dopsie, and LAupDER), T., 861; P., 
1901, 125. 

Triethyloxamines, supposed existence of 
two isomeric (DUNSTAN and GOULD- 
ING), T., 641; P., 1901, 85. 

Trimesic acid (benzene-1:3:5-tricarboxylic 
acid), reduction of, and its methyl 
and ethyl esters (LAWRENCE and 
PERKIN), P., 1901, 47. 

a88-Trimethylanhydracetonebenzil 
(JApp and Mretprum), T., 1040; P., 
1901, 176. 

Trimethylbrazilin, preparation and oxid- 
ation of (GiLBopy, PERKIN, and 
Yates), T., 1899; P., 1899, 28, 75, 
241 ; 1900, 105. 

Trimethylchlorobutanetricarboxylic 
acid, ethyl ester (PERKIN, THORPE, 
and WALKER), T., 790. 

3:4:4-Trimethyldihydrobenzene, 
chloro- (CrossLEY), T., 144. 

a88-Trimethylglutaric acid (hexanedi- 
carboxylic acid), and its anilic acid 
(CrossLEy), T., 140; P., 1900, 91. 

Trimethylhydroxybutanetricarboxylic 
acids, lactones and anhydrides of (PER- 
KIN, THORPE, and WALKER), T., 788 ; 
P., 1901, 110. 

Trimethylketodicyc/opentane-mono- and 
-di-carboxylic acids (PERKIN, THORPE, 
and WALKER), T., 786; P., 1901, 
110. 

Trimethylketodicyc/opentanetricarb- 
oxylic acid, ethyl ester and potassium 
salt (PERKIN, THORPE, and WALKER), 
T., 786. 

2:4:6-Trimethylpyridine from Scottish 
shale oil (GARRETT and SMYTHE), P., 
1900, 190. 

Trimethylsuccinic acid (LAPWoRTH and 
LENTON), P., 1901, 148. 

2:3:5-Triphenylfurfuran (Japp and 
Micuie), T., 1024; P., 1901, 174. 

Triphenylsilicol and its chloride and 
acetyl derivative (Kiprprne and 
Luoyp), T., 452; P., 1901, 32. 

Tungsten boride (TUCKER and Moopy), 
P., 1901, 129. 

Tutin from New Zealand Coriarie 

(EASTERFIELD and Aston), T., 120; 
P., 1900, 211. 

and coriamyrtin, comparison of the 
properties of (EASTERFIELD and 
Aston), T., 125; P., 1900, 212. 

Tutu, poisonous glucosides of (EASTER- 
FIELD and Aston), T., 120; P., 1900, 
211. 


2:6-di- 
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U. 


Undecylenic acid, hydrobromides of 
(WALKER and LumspEn), T., 1191; 
P., 1901, 188. 

Undecylic acid, w-bromo-, and its 
isomeride (WALKER and LUMSDEN), 
T., 1193; P., 1901, 188. 

Urethanes, interaction of, with primary 
benzenoid amines (Dixon), T., 102; 
P., 1900, 207. 


V. 


Valeric acid, 5-chloro-, and its ethyl 

ester (MELLOR), T., 132. 
Vapour pressure of aqueous ammonia 
solution (PERMAN), T., 718; P., 

1901, 46. 

influence of sodium sulphate on 
(PERMAN), T., 725; P., 1901, 47. 
Velocity of reaction between ethyl 
alcohol and hydrochloric acid (PRICE), 

T., 303; P., 1900, 185. 
Violaquercitrin (PERKIN), P., 1901, 88. 


Ww. 


Water, influence of, as solvent, on the 
rotation of ethyl tartrate (PATTERSON), 
T., 171;; P., 1900, 176. 

Weight, molecular, determination of, 
use of pyridine for, by the ebullioscopic 
method (INNEs), T., 261; P., 1900, 
223. 

X. 


Xylan-bassoric acid (O’SuULLIvAN), T., 
1182; P., 1901, 157. 


1:3-Xylene-5-sulphonic acid and its salts, 
amide, bromide, chloride, anilide and 
toluidide (ARMSTRONG and WILsoy), 
P., 1900, 230. 
B-m-Xylenoxycinnamic acid and its 
ethyl ester (RUHEMANN and Wrace), 
T., 1187 ; P. 1901, 187. 
m-Xylenoxyfumaric acid and its ethyl 
ester (RUHEMANN and Wrace), T., 
1118; P., 1901, 187. 
B-m-Xylenoxystyrene (RUHEMANN and 
Wrace), T., 1188 ; P., 1901, 188. 
Xylic acid. See Dimethylbenzoic acid. 
Xylidine, action of ethylene dibromide 
on (SENIER and Goopwry), T., 254; 
P., 1900, 228. 
1:2:3-Xylidine-6-sulphonic acid, _ its 
potassium salt and acetyl derivative 
(ARMSTRONG and WILSsoN), P., 1900, 
229. 


Y. 


Yeast, nutrition of (STERN), T., 943; 
P., 1901, 126. 
pressed, autofermentation and lique- 
faction of (HARDEN and RowLAnp), 
T., 1227 ; P., 1901, 189. 
and diastase, combined action of, on 
starch granules (Morris), T., 1485 ; 
P., 1901, 178. 


Z. 


Zirconium boride (TucKER and Moopy), 
P., 1901, 129. 
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ERRATA. 


Vou. LXIX (Trans., 1896). 


Vor. LXXVII (Trans., 1900). 
“1-390” and “39°04” read ‘‘ 1°2635” and “35°48.” 


2? 


INDEX. 
Col. 
i for “*T., 287” read **T., 827.” 


CoNnTENTS. 


for ‘* Amidosulphate ” read ‘* Amidosulphite.” 
Vor. LXXIX. (Trans., 1901). 


» *fof” read “in.” 


195 1* & 2* delete ‘‘ and pressure.” 


225 
227 


230 


282 
392 
584 
872 


1021 
1022 


1028 
1034 
1036 
1141 


12* 
16 


17 


23 
19 
16* 


for ‘‘formed by the water” read ‘‘formed and absorbed by the water ’” 
ys *1°2127 ” read ** 0°12127.” 
a, 5 +2¥de” read“ Oy + oe. " 
» ‘‘methyl” read ‘ ethyl.” 
»» ‘**Sodamierde Divatives” read ‘* Sodamide Derivatives.” 
», **2°5 grams” read ‘*21 grams.” 


14 delete. ‘‘ Robert McClumpha.” 
3} Sor **1:2-Dibenzoyl-1 : 2-diphenylcyclopentane’’ read 
8 


4* 


‘*1:2-Diphenyl-1 :2-dihydroaycyclopentane. * 
r»» **Cy,H,,0,” read ** C,,H.,0,.” 
» ‘*Ten” read ‘*‘ Forty.” 
», ‘‘ precipitation” read ‘‘ preparation.” 
»» *‘*per cent.” read * for this amount.” 


* From bottom. 


